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Preface and Overview

This book developed from the historical part of a general study of theories of
genomic disturbances which might induce normal cells to become tumourous. It
was found that in 1890, David Paul Hansemann (1858-1920) described a chro-
mosomal theory of cancer based on a supposed pathogenic role of asymmetri-
cal mitoses — essentially “non-disjunction” of chromosomes — in somatic cells.
Hansemann was also recorded as having coined the words “anaplasia” and “de-
differentiation”, which have been used for the description of tumours ever since.
However, little else could be found in the literature. In view of the resurgence of
interest since the 1970s in the genomic abnormalities, including aneuploidy, of
tumour cells a review of Hansemann’s work was considered overdue.

The work specifically for the book began with a fortuitous meeting between
Drs Jersmann and Bignold at the Royal Adelaide Hospital, South Australia. Dr
Jersmann translated the titles of all Hansemann’s publications which could be
found in the Index Medicus 1885-1920, and the complete texts of the first ar-
ticles on tumours (1890a, 1891a, 1891c, 1892a — chapters 7-10) and also of the
last (1920). These works revealed that Hansemann’s ideas were rational, logical,
well-considered and relevant to what disturbances of the genome might cause
the histopathological complexity of tumours. Professor Coghlan was then ap-
proached for help with the project and agreed without hesitation to translate
the remainder of Hansemann’s books and articles, as well as the relevant pub-
lications of other German authors. All three of us then worked together on the
content and format of this volume.

Hansemann’s contributions to oncology began in 1890 with the first compre-
hensive theory that the conversion of normal cells to tumourous ones involves
the acquisition of intracellularly-arising abnormalities in their hereditary ma-
terial (not Boveri in 1914, as has been commonly asserted). Next, Hansemann
emphasised the fact that — for many tumour types — there are always some cells
which have hyperchromatic nuclei and some which have hypochromatic nuclei.
Hansemann noted that these changes of nuclear chromatism are at least partly
due in turn to the nuclei having excess or reduced numbers of chromosomes
respectively. This was the first assertion of significance for the phenomenon of
“aneuploidy” for these types of tumours. While considering the significance of
altered numbers of chromosomes in cells, Hansemann noted August Weismann’s
theory that differentiation of cells in embryos occurs by way of loss of chromo-
somal material. Hansemann then proposed that asymmetric mitoses in normal
cells result in cells which are both tumourous and suffer a “loss of differentiation”
(Entdifferenzierung). Further, Hansemann recognised that the particular type of
differentiation which was lost during the change of a normal cell into a tumourous
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Preface and Overview

one could not be the same type of differentiation which the previously-normal
cell had acquired during its embryological development. Instead, Hansemannn
proposed that the dedifferentiation manifest by tumour cells is similar to the
changes of oogenesis in the ovary,i.e. loss of “germinal epithelial” features dur-
ing progress towards an independent cell (the egg). It was for this oogenesis-like
biological process of supposed “de-differentiation” that Hansemann introduced
the word “anaplasia”. Thus the processes of “anaplasia” and “de-differentiation”
were in fact parts of an abstract, theoretical “superstructure” which Hansemann
added on to his basicidea,namely that some alterationin the hereditary material
of a normal cell converts it into a tumourous one. In this article too, he proposed
even more abstract concepts of cell physiology — especially their “specificity” and
“altruism”.

Within two years of Hansemann’s original article, Weismann retracted his the-
ory of “differentiation by loss of chromosomal material”. Hansemann accepted
this, and therefore had to admit that there was no known chromosomal or ge-
netic basis available to account for “anaplasia” and “de-differentiation”. Hanse-
mann (1892a) changed his definition of “anaplasia” accordingly. The result of the
change of definition was to increase the already-existing confusion concerning
the meaning of the words. However, for the rest of his life, Hansemann continued
to insist that some genome-altering process is at work in tumour formation such
that commonly associated morphological and physiological/behavioural abnor-
malities appear together at the same time in a normal cell when it is converted
into a tumour cell. When expanding on all these ideas in a book (“Studies on the
Specificity, Altruism and Anaplasia of Cells” - 1893c) Hansemann gave greater
emphasis to the abstract concepts of “specificity” and “altruism”. In fact this
book amounted to an attempted “systematisation of cancerous phenomena”,
which can be interpreted as a “philosophy of cancer”.

Hansemann’s theoretical concepts were not well-received at the time. Nev-
ertheless he began to describe the application of his theory of “anaplasia” to the
practical problem of the diagnosis and nomenclature of tumours. His resulting
book (“The Microscopic Diagnosis of Malignant Tumours” 18970,2"¢ edn 1902h)
is of great significance for the history of histopathology as a part of the practice
of medicine. This volume described how to diagnose malignant tumours using
the supposed properties of the theoretical process: — i.e. anaplasia. Hansemann
addressed the issue that tumour cells can vary in their degrees of abnormal-
ity not only between cases of the same type of tumour, but also in the same
individual case of tumour. Previously the latter lesions had been described by
Virchow (1888) as “mixed tumours” (different tumour types in the same lesion).
Hansemann insisted that they are cases deriving from the same cell type but
showing differences in degrees of “anaplasia” and “de-differentiation”. There-
fore “The Microscopic Diagnosis....* (18970,1902h), together with Hansemann’s
colour “Atlas” (1910k), were the original analyses of the histopathology of tu-
mours in the ways which histopathologists have used throughout the world ever
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Preface and Overview

since. Thus Hansemann was not only the original father (Urvater) of the idea
of the endo-cellularly-altered-genome concept of tumour formation, but also of
the current method of describing the microscopic appearances of tumours for
diagnostic purposes.

Hansemann made yet further contributions to pathology and medicine. He
was an exceptionally clear thinker on a variety of medical matters. Although all
these topics cannot be pursued in this book, it may be noted that Hansemann
made original contributions to the understanding of the causation of rickets
(noted by Porter, 1999), and provided the first descriptions of malacoplakia and
of cerebral cryptococcosis. Hansemann is a good example of the rigorously ob-
jective, rational and thorough intellectualism of many German scientists in the
late nineteenth century. Indeed, he could be adopted as a model for any cancer
theorist today because of his demand for Gesamtheit: that any acceptable theory
of tumours must explain all the phenomena — clinical behaviour in the patient
as well as the pathological, epidemiological and aetiological characteristics — of
tumours.

To give some reasonable account of Hansemann and his ideas, it was de-
cided (and our publisher agreed) that the main part of this book should be our
translations and abstracts of Hansemann’s works. However, we also have tried to
understand many underlying issues concerning Hansemann and his travail. These
are especially: What was his family,social and educational background? What cell
biological knowledge did Hansemann rely on for his ideas? Why did Hansemann
add a philosophical superstructure to his chromosomal theory? What were Vir-
chow’s possible influences on Hansemann? Why was Hansemann so concerned
with “specificity” of cells? Why were the debates at the time so vigorous, some-
times to the point of being personal? Were there any particular reasons why
Hansemann was forgotten during the twentieth century? Do Hansemann’sideas
have relevance to cancer research today,and did Hansemann ask any important —
if forgotten — questions concerning cancer biology?

We have addressed these questions in the six introductory chapters. We hope
that they will be a sufficient guide for the easy understanding of the translated
and summarised works which form the rest of the book.

As a last note, we are aware that among the translations, there is some rep-
etition of ideas. However, we felt that if any text were deleted from any of the
major articles or from “Studies...” (1893c) some readers would be concerned
that something of interest to them had been omitted.

We are very grateful to our publisher, and particularly Dr Beatrice Menz,
Senior Editor, for agreeing to publish such a large amount of translation in this
way.

L.P. Bignold, Adelaide, South Australia, September 2006
B.L.D. Coghlan,
H.P.A.Jersmann
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Notes on the Works and Translations

Some German nineteenth century academic works achieved complexities of ex-
pression and thought which have been little rivalled at any time in the English-
speaking world. In addition, the works of some German authors were notorious
for lack of obvious structure, for repetitions, sudden changes in lines of thought,
long sentences, complex grammatical constructions and so on. In brief, the styles
of writing of Kant and Hegel (see chapter 2) cast a long shadow. As an example
in the field of biology, W.M. Wheeler, the translator of Roux’s Introduction to
the Archiv fiir Entwickelungsmechanik der Organismen (1894) included a note:

“Besides the difficulties resulting from the great compactness of Professor Roux’s style, there
are others, not the least of which is the great conciseness of meaning with which all the
terms are used, and the often very delicate qualifications of the leading ideas in the various
paragraphs and sentences” (see Maienschein, 1986).

Some of these features are prominent in Hansemann’s early work. Mainly, the
problem is of Eingesponnenheit (“spinning into oneself””) which applies to spin-
ning thoughts further and further while ensuring that no particle of an idea is left
behind. Thus Hansemann’s sentences frequently are very long, with many qualifi-
cations and continuous flows of ideas.The sequences of ideas, especially in parts of
the first article (1890a) and in “Studies...” (1893c) often seem to have no order at
all. In addition, and especially when he was unsure of the truth of his suggestions,
Hansemann used complex qualifying clauses within clauses to make up long sen-
tences (Schachtelsitze). He also exhibited the habit of “mitdenken” (“thinking
along”), for example, when a verb is mentioned once, it in fact applies to the next
clause as well. Some phrases are almost reminiscent of the more esoteric forms of
old-style literary commentary. (This style became effectively obsolete after 1918).

However, in the later works, and especially when Hansemann was sure of
his ideas, his writing for the greater part was simple and straightforward. In fact,
Hansemann often repeated his points in successive sentences, in a way which is
almost that of “Faust auf den Tisch” —“fist on the table”.

The aim of the present translations has been to render nineteenth century
Germaninto Victorian-Edwardian English,and evoke the spirit of the age,i.e. the
comity of fin de siécle Europe. Frequently in Hansemann (1890a) and (1893c), we
have found it necessary to break sentences and introduce colons,semi-colons and
dashes to achieve readability. Excessive compactness of style has been countered
with insertions of words, which are indicated in brackets, and if several words are
introduced, “-eds” is included. Except for this, we have tried to preserve the style
of the longer sentences which often achieves a cumulative effect (Steigerung).

We have tried to avoid presenting more meaning than was evident in the
original (hineininterpretieren).
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Notes on the Works and Translations

On specific points:

As was normal at the time, summaries in any form were lacking in most of
Hansemann’s articles. We have provided them.

Reiz can mean either “irritation” or “stimulation”, the latter even to the point
of “attractiveness” as in eine reizende Frau (a really attractive woman). Vir-
chow (1858) quite specifically used the word to mean irritation. In Hanse-
mann’s works on oncology, we think that Reiz has been used in the sense of
an irritation, especially because it is always applied to carcinogenic agents,
which are never “attractive”.

Bindegewebe has been rendered as “connective tissue” although the meaning
is perhaps more accurately “supportive tissue” as indicated by the translator
(M.Campbell) of part 1 of Hertwig’s “The Cell. Outlines of General Anatomy
and Physiology” (1892). Richtungkdrperchen is not now used in German,
but Hansemann used it initially for polar bodies in oogenesis according to
Hertwig’s description (Hertwig, 1890). Later, Polkdrperchen (“polar bodies”)
was preferred.

Entdifferenzirung means “de-differentiation”, not “un-differentiation”. Thus
if one defuses an explosive mine, one uses the term Entsorgen — to take the
fuse out. (In English, the usages are less strictly observed: thus “undressing”
really means “de-dresssing”).

Konditional we have translated as “conditional” and Bedingung we render
as “pre-condition”.

< <

Offenbar can mean either “apparently”, “evidently”, “clearly” or “obviously”
and in many instances, Hansemann'’s precise meaning is unclear.

We indicate our author as “Hansemann” when referring to his articles before
1902 and as either “Hansemann” or “von Hansemann” when dealing with
articles or issues which arose after the family was ennobled “von” in 1902.

Where emphasis in the original is indicated by increased font and spacing
between letters (Sperrdruck), we have ignored the style if it applied to an
author’s name, and generally rendered it in SMALL CAPITALS if originally indi-
cating emphasis.

Italics have been reserved for all foreign language, and italics in inverted
commas if the foreign words form a significant phrase, e.g. “omnis cellula e
cellula” . Where emphasis was indicated in original English-language material,
generally such text has been transcribed in Bold. Otherwise, Bold has been
mainly reserved for headings in our own text.

For abbreviations such as “a.a.O”, for which Latin abbreviations (“op. cit.”)
are often used in English publications, everyday English has been used.
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1825
1826
1827
1828
1829
1834

1835

1837

1838

Table of Chronology

David Justus Hansemann born in Finkenwerder, near Hamburg.
Family moved to Heiligenfelde in the Electorate of Hanover.
Napoleon defeated Prussia at the Battle of Jena. By the sub-
sequent Treaty of Tilsit, Prussia lost approximately half of its
territory. Napoleon created the “Confederation of the Rhine”;
Hanover was divided and experienced very mixed fortunes.
University of Berlin founded according to a plan prepared by Au-
gust Wilhelm von Humboldt.The philosopher Friedrich Schleier-
macher was first Rector.

At the Treaty of Versailles Prussia regained the territories lost
in 1808, and acquired additional lands, especially in the Catholic
Rhineland. Kingdom of Hanover promulgated, within the new
“German Confederation” which replaced the old “Holy Roman
Empire”.

Active German national-liberal and democratic sentiments be-
gan,exemplified by the mass meeting of German students on the
Wartburg near Eisenach: Luther tercentenary.

David Justus began trading in wool on his own account in
Aachen.

Carlsbad Decrees proscribed both national-liberal and demo-
cratic movements in German Confederation.

Birth of Virchow.

David Justus founded Aachen Fire Insurance Mutual Company.
Birth of Adolph Hansemann.

Discovery of the mammalian egg by von Baer.

Raspail coined the phrase “omnis cellula e cellula”.

Birth of Gustav Hansemann.

Customs Union of German States (Zollverein) formed, leading
to greater opportunities for the German commercial and indus-
trial entrepreneurs.

Practicable achromatic lenses for microscopes invented.

First railway in Germany (Niirnberg to Fiirth in Bavaria).
Affair of the “Gottingen Seven” marked an attempt to resist
illiberalism in German Academia.

Miiller published volume on the microscopic appearances of tu-
mours.

Xix
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1842-1854 Publication of Comte’s major works on Logical Positivism, in-

1844

1845
1847-8

1848

1849

1854
1855

1851
1856

1857
1858

1859
1860
1861

1862
1864

1865

XX

cluding the concept of “Altruism”.

Silesian weavers’ revolt against poor living conditions and in-
dustrialisation.

David Justus elected to the Rhenish Provincial Assembly.
Virchow sent to investigate epidemics in Silesia; reported that
the causes were lack of sanitation associated with poor living
conditions. Virchow evolved a radical “biologistic” social philos-
ophy. Founded his journal later known as “Virchow’s Archives”.
Liberal/Democratic Revolution in many European states. Pub-
lication of Marx’ and Engels’ “Communist Manifesto”. David
Justus appointed Finance Minister in Camphausen Government
of 1848. Virchow among the revolutionaries.

Liberal all-German regime (“Frankfurt Parliament”). However,
Virchow forced to leave Berlin; became Professor of Pathology
at Wiirzburg. Subsequently illiberalismincreased in German so-
ciety and academia throughout the remainder of the century.
Pasteur described fermentation of sugar by bacteria.

In an essay on “Cellular Pathology” Virchow stated that all dis-
ease is due to disturbed physiological activities of cells.
Addison described syndrome associated with adrenal cortical
insufficiency.

David Justus founded the Discount Bank.

Virchow returned to Berlin as Director of Pathology at the
Charité and Professor of Pathology at the University of Berlin.
Control of the Discount Bank passed to Adolph.

Birth of David Paul Hansemann, son of Gustav Hansemann.
Virchow’s “Cellular Pathology” published, popularising “omnis
cellula e cellula”.

Darwin’s “Origin of Species” published in England.

Pasteur enunciated the dictum: “omne vivum e vivo”.

Virchow member of Prussian Assembly, cofounder of the
Progress Party (Fortschrittspartei) in the Assembly in Berlin.
Bismarck became Minister President in Prussia.
Danish-Prussian War: Prussia gained hegemony over Schleswig-
Holstein, the latter subsequently incorporated into Prussia.
David Justus Hansemann died.

Pope Pius IX issued the “Syllabus of Errors”, which was a precur-
sor of the doctrine of papal infallibility (Vatican Council, 1870).
Introduction of haematoxylin as a stain for nuclei.
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1866

1869
1870-1

1870s

1873

1875

1876

1878

1879

1880s

1881

1882

Defeat of Austria in the Austro-Prussian War led to exclusion
of Austria from the German Confederation. Establishment of a
new “North German Confederation” dominated by Prussia.
Klebs, previously an Assistent to Virchow, accepted a position in
Bern, and began research in bacteriological causation of disease,
leading to later acrimonious arguments with Virchow.
Foundation of the German Social Democratic Party.
Franco-Prussian War. Annexation of Alsace-Lorraine; declara-
tion of the German Second Reich, excluding Austria. Repara-
tions from France were used extensively to build many new hos-
pitals and associated medical schools throughout Germany.
Beginning of Kulturkampf in which Virchow’s party joined with
Bismarck, thus severely reducing the influence of Liberalism in
Germany.

Hansemann family moved to Berlin. Adolph became even more
successful as a financier and industrialist, with a large house on
the Tiergartenstrasse. David Paul attended gymnasia in Berlin.
Gustav Hansemann published books on mathematics and phi-
losophy.

Widespread collapse of banks. After this, markedly prosperous
period (Griinderzeit) for German Reich.

Hertwig described fertilisation of eggs by single sperm.
Strassburger described nuclear division occurring in plant cells.
Vol. 1 of Herbert Spencer’s “System of Synthetic Philosophy”
published in German translation.

Microscopes with apoachromatic lenses introduced by Zeiss.
Koch discovered that anthrax is caused by a specific bacterium.
Discovery of nuclear “filaments” “threads” “loops” (later named
“chromosomes”).

Accommodation was reached between Bismarck and the
Catholic Church; end of Kulturkampf.

Arnold described abnormal nuclear division in tumour cells.
Bismarck introduced “welfare state” legislation — often consid-
ered a form of “state socialism”.

Pasteur invented an anti-anthrax vaccine.

Hansemann began medical studies, mainly in Leipzig, but with
one semester in Kiel and one in Berlin.

Flemming introduced the word “mitosis”.

Koch invented culture of bacteria on solid substrates.

Virchow opposed to almost all concepts of microbial aetiology
of human disease, and did not support Koch when the latter was
provided with extensive funds for research at the University of
Berlin.
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Van Beneden introduced the term “chromosomes” and, along
with other authors, described their replication by longitudinal
splitting.

Hansemann obtained his medical degree from Leipzig.
Hansemann began as Professional Assistant (Assistent) to Vir-
chow in Berlin.

Weismann proposed that “differentiation” in embryonal tissues
occurs by loss of chromatin material, while Hertwig and Négeli
believed that differentiationis achieved by sequential variations
in the influences of the hereditary units (“gemmules” — Darwin;
“plasmas” — Weismann; “ids” — Négeli).

Boveri described reduction of chromosome numbers during di-
visions of cells in Ascaris gonads.

Death of Kaiser Wilhelm I. Accession of Emperor Friedrich I11,
who died three months later of laryngeal cancer. Virchow had
initially suggested that the Kaiser’s lesion might be syphilitic.
Emperor Wilhelm II ascended the throne.

Hansemann published chromosomal theory of cancer suggest-
ing that tumour cells “lose differentiation” in an “anaplastic”/
oogenesis-like way.

Koch announced the discovery of the tubercle bacillus.

Kaiser Wilhelm II dismissed Bismarck from all his offices of
State.

Hansemann publicly disagreed with von Leyden about the value
and safety of the tuberculin test for tuberculosis in humans.
Weismann retracted his theory that “differentiation” occurs by
chromosomal loss, leaving the Hertwig/ Nageli hypothesis unop-
posed.

Hansemann published his book “Studies... etc” (1893c) in which
many of the known biological features of cancer cells were
grouped into the abstract concepts of “Specificity”, “Altruism”
and “Anaplasia”.

Radical social sentiments in Gerhart Hauptmann’s play “The
Weavers” (based on the Silesian weavers’ revolt of 1844 — above)
deeply offended Emperor Wilhelm II.

Hansemann published an article suggesting that the use of diph-
theria convalescent serum may be harmful to patients with this
disease.

Hansemann appointed prosector at the Friedrichshain Hospital,
Berlin.

Hansemann’s “The Microscopic Diagnosis of Malignant Tu-
mours” published. Hansemann appointed Titular Professor ( Ex-
traordinarius) of Pathology, University of Berlin.
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1900+

1901
1902

1905

1906

1912

1914

1914-19

1918

Hansemann published many attempts to clarify the meaning of
“anaplasia”in the face of much misunderstanding.

Fruitful lines of investigation into the aetiology (X-rays, chemi-
cal carcinogens,infectious agents) and treatment of cancer (espe-
cially with X-rays) were developed. Relatively speaking, interest
in the precise nature of the abnormality in cancer cells declined.
Gustav Hansemann (and hence David Paul) ennobled von.
Gustav Hansemann died.

Sutton and Boveri suggested independently that the pairing of
chromosomes parallels Mendel’s “paired factors”.

Second edition of Hansemann’s “The Microscopic Diagnosis ...
etc”.

Experimental genetic researches conducted by Morgan, Sturte-
vant, Wilson, Bridges and Muller on Mendelian genetics pub-
lished but given little attention by pathologists in Germany.
Hansemann and von Leyden expressed completely opposite
views in a public debate on the nature of cancer.

Hansemann attempted to clarify his views on the functions of
tumour cells.

Hansemann defended hisidea of “altruistic” diseases. In doing so,
he denied that the anti-diabeticfactor is produced by the islets of
Langerhans. Hansemann also drew simplistic conclusions from
pathological observations concerning the functional capacity of
endocrine glands.

Hansemann stated that transplantable mouse tumours have no
relevance to human cancers.

Boveri’s book on the origin of malignant tumours was published.
It was simplistic and selective in its approach. Its major idea was
based on a mitotic mechanism already described by Hansemann.
Outbreak of W.W.I, Hansemann served on the Eastern Front as
Chief Army Pathologist.

W.W.I broke previous cultural links between Germany and the
rest of the world; also hindered and delayed reception in Ger-
many of the new genetics principles which derived from the work
of Morgan’s group.

War and the epidemic of Spanish Influenza also depleted the
numbers of German young men and the facilities for their edu-
cation.

Kaiser abdicated. Widespread popular reaction against the war.
Armistice.

Xxiii



1919+

1920
1920+

1960+

XXiV

Table of Chronology

First German republic (Weimar). Government coalition led by
Social Democrats (Scheidemann, Ebert). Civil unrest and assas-
sinations of republican and left wing leaders.

Hansemann returned to Berlin and resumed academic duties.
Hansemann developed cancer of the throat and died.
Traditional German cultural and scientific value systems essen-
tially unchanged despite some artistic and social adventurism.
Boveri’s supposed originality for a chromosomal theory of can-
cer stated by Borst and Bauer. This error was repeated by many
later authors.

Additional reasons for forgetting Hansemann were that he was
considered “too philosophical”. His ideas became harder to un-
derstand by younger scientists who were not aware of Hanse-
mann’s historical or scientific contexts.

Interest in chromosomes and DNA in cancer increased because
many carcinogens are found to react with DNA and cause strand
breaks; xeroderma pigmentosum is found to be due to a hered-
itary defect of DNA repair; genomic instability confirmed as a
major phenomenon in malignant cells.
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Background



Chapter 1

Family, education and career

Family background

Scientists come from all socio-economic levels and family circumstances, and
their careers follow various paths. These outcomes are sometimes in keeping
with the abilities and industriousness of the scientists themselves, and sometimes
not. The degrees to which these factors affect the quality of the contribution
which each researcher makes to science is debatable, and not usually considered
in detail in books of this type. However, David Paul Hansemann’s family was
very prominent in Germany at the time, and his scientific work and career have
many unusual features. Hence many details of his background are given here,
especially because all of the sources are in German and perhaps less accessible
to readers who are unfamiliar with this language.

The Hansemann family name was recorded in the region of the city of Han-
over in the middle of the sixteenth century (von Hansemann, 1968). There were,
however, apparently few notable members of the family until the nineteenth
century (Dabritz, 1954). David Paul’s great-grandfather was a Lutheran pastor,
who for a time had a parish at Finkenwerder near Hamburg, where David Paul’s
grandfather (David Justus Hansemann, 1790-1864, Fig. 1) was born. The family
moved to the Hanover area in 1795, and later to other parishes in the region.
After leaving school, David Justus was employed in the textile industry, and in
1817 he established a commission business in the wool trade in Aachen (buying
wool in eastern Germany, and selling it to the newly-established woollen mills
in the Rhineland) with capital from his own savings. In 1821 he married Fanny
Fremerey (1801-1876) whose father owned a woollen mill in Eupen (now in
Belgium). They had four daughters and two sons.

The times after the Congress of Vienna (1815) were favourable to enterprising
Prussians. Napoleon I had abolished the residual aspects of feudalism in many
German states, and because that system could not be restored, a free labour
market was created. The Congress restored to Prussia the territories it had lost
during the wars with Napoleon, and gave her considerable additional territory
in the Rhineland. The resulting greatly increased opportunities for individual
Prussians were enhanced again by the German customs Union (Zollverein) in
1834 and later economic reforms (Henderson, 1984; Lee, 1991; Brophy, 1998).

David Justus’ prominence in business began in 1824-5 when he founded the
Aachen Fire Insurance Co, on the model of the English mutual-shares company.
Only the fourth of its type in Germany, the company rapidly expanded to Mu-
nich, becoming the Aachen and Munich Fire Insurance Society. In 1835 David
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Justus founded the Rhineland Railway based in Cologne, and later established
the Aachen branch of the Society for the Encouragement of Industriousness
(Arbeitsamkeit). This society was a labour-organisation somewhat resembling
the Cooperative Movement in England (Dabritz, 1954), and it later contributed
a large sum to the foundation of the Technical College (Technische Hochschule)
in Aachen (Dabritz, 1954; Corr and Richter, ND).

From the 1840s David Justus devoted himself to politics and political writing
on the liberal side. At this time, the state governments of the Rhineland and
the south-west of Germany were generally politically more liberal than those of
Prussia proper and the overarching goal of the leading politicians in the region
was constitutional monarchy for Prussia as whole and the smaller states and
principalities.

In 1845 David Justus represented Aachen in the Rhenish Provincial Assembly
(Landtag) which satin Coblenz.In 1847, he was a member of the unified Prussian
provincial assembly which was summoned to Berlin by Friedrich Wilhelm IV (b
1795, d 1861, r 1840-1858). This parliament demanded constitutional monarchy
for Prussia and was dismissed by Friedrich Wilhelm, thus precipitating the 1848
Revolution in Prussia. (A similarity to the summoning of the Estates General
to Paris in 1789 and the ensuing revolution may be discerned in this). David
Justus was Finance Minister in the first revolutionary government led by Camp-
hausen (1812-1896) (Hofmann, 1981), and on the latter’s retirement in June
1848, formed a government with Auerwald (1795-1866). This government was
dissolved later in 1848, when the conservatives regained control (Reaktion) from
the revolutionaries (Taddey, 1977). Subsequently, David Justus was a member for
several Rhenish provinces of a democratic assembly which was later convened
to consider constitutional matters, but he withdrew entirely from politics in 1852
when that assembly was suppressed by the military, and royal autocracy was
reinstated as the system of government (Dabritz, 1954).

David Justus Hansemann returned to a banking career, becoming Chief of
the Prussian Bank 1848-1851, and founding the Discount Bank 1851. He died
in 1864. In 1884, a statue of him (Fig. 2) was erected in the Hansemann Platz in
Aachen.

David Justus’ elder son and fourth child Adolph (1826-1903) was even more
successful commercially than his father. At first, he was apprenticed in a textile
firm in Leipzig, but after two years returned to the Rhineland. At 17, he en-
tered the cloth factory of his cousin Wilhelm (mother’s side) in Eupen. Adolph
prospered at the Eupen firm, so that when David Justus entered politics in
the 1840s, he left all financial affairs to Adolph. In the 1850s Adolph worked
jointly with his father in the development of the Discount Bank, and became
managing director and joint owner in 1857. Subsequently Adolph played a sig-
nificant part in the financing of the Danish War (1864), the Austro-Prussian
War (1866), and the Franco-Prussian War (1870-1). Adolph’s other activities
included raising loans for railways, expansion of the Discount Bank into the
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other states of Germany, and then overseas, with branches in London, South
Anmerica, East Asia, Italy and Romania. He indulged successfully in property
speculation during the boom years (Griinderzeit) after 1870, and colonial enter-
prises. He was ennobled (allowing the use of the title von) in 1872. His wife
Ottilie (née von Kusserow, 1840-1919) was responsible for a large donation
for the foundation of a women’s college (originally the Viktoria-Lyzeum, now
Haus Ottlie von Hansemann) in Charlottenburg for the University of Berlin
in 1908. Their home on the Tiergartenstrasse in Berlin was apparently palatial
but has not survived. The street is now lined mainly by new embassy buildings.
Adolph’s son Ferdinand (1861-1900) and hence David Paul’s cousin, was not sig-
nificantly involvedin commerce, but participatedindirectly in nationalist politics,
especially in the foundation of the German Eastern Marches Society (Dabritz,
1954).

David Justus’ other son, Gustav (1829-1902, Fig. 3) married — in 1855 —
Mathilde Vorlander (1827-1880), daughter of Dr med. Daniel Vorldnder and
Maria Anna Fuhrmann. Gustav was less inclined to commerce than his brother,
but managed a woolen millin Eupen (Fig.4).The children of Gustav and Mathilde
were (1) Fanny Marianne (b Eupen 1856-1923), m 1876 Paul Maximilian Frei-
herr! von Reibnitz (1838-1900) Vice Admiral ret., Law Knight in the Order of
St John; and (2) David Paul (1858-1920), the subject of this book, who was born
in Eupen (von Hansemann, 1968).

In the 1870s, Gustav retired from industry and became a mathematician and
physicist in Berlin. He published three books (von Hansemann 1863, 1871a,
1871b), of which the last has considerable philosophical content. Gustav’s side
of the Hansemann family seems to have been financially comfortable, but not as
wealthy as Adolph’s family. Gustav was ennobled von in 1901.

Other descendants of the family were prominent in academic, commercial
and diplomatic circles. For example, Daniel Vorldnder (1867-1941) was born in
Eupen as the fourth child of Gustav Hansemann’s sister Sophie. This Vorldnder
became professor of chemistry at Halle, and discovered the first liquid crystal
material (Buchwald, 1996).

David Paul Hansemann’s education and medical career are detailed in the
nextsections. Here we can note thatin 1885 David Paul married Elizabeth Amalie
Wilhelmine Walter (b in Eisenach 1863, d in Berlin 1935), daughter of the Post-
Geheimrat' Fritz Walter and his wife Theresa (née Frankenstein). David and
Elisabeth had one child, a son (for further details see von Hansemann, 1968).

Education

According to his curriculum vitae described in a letter held in the State Library
in Berlin (Appendix A) Hansemann did not attend a primary school, but was
tutored at home in the style of the high school for students intending commercial
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careers (Realschule)? until the age of fifteen. At some unknown time, he decided
on a career in natural sciences. When the family had moved to Berlin, David Paul
attended a high school of Gymnasium-type in Charlottenburg?. He later went
to the Friedrich-Wilhelm Gymnasium®* in central (Mitte) Berlin, from which he
matriculated at Easter in 1881. Throughout this period, he would have received
substantial education in the Classics (Latin and Ancient Greek languages) ac-
cording to the German educational philosophy of “(properly) formed-ness” (Bil-
dung). It is not known precisely when he decided to become a medical doctor,
or whether his maternal grandfather (Dr med. Daniel Vorldnder, see above)
influenced this decision.

Hansemann’s undergraduate career studies occurred within the German uni-
versity system® in general and the university medical school system in particu-
lar. David Paul began his medical course in 1881, and apparently spent three
semesters in Berlin’, one in Kiel and three in Leipzig (Appendix A). During
the long summer holidays of 1883, at Leipzig, Hansemann completed an elec-
tive in pathology, with Cohnheim®, and in the subsequent semester, carried out
a special pathology assignment under Weigert’. The excellence of the German
medical schools in comparison to those of all other countries in the period 1860—
1914 is well recognised (see Bonner, 1963; Jarausch, 1982; Cocks and Jarausch,
1990). We assume that Hansemann would not have felt particularly out of place
in his Medical School environment, because of all medical students, 17 % came
from families of the “business elite”, 15 % from the “Government elite” and
23 % from “High Office” (Jarausch, 1982). We are unaware of his membership
of the student voluntary organisations!’, which were such a prominent part of
German student life at the time.

The schools attracted students from all parts of the world, and particularly
exerted a great influence on American medicine (Bonner,1963). For example, the
original staff of the Johns Hopkins Hospital were trained mainly in Germany
(Sigerist, 1942) and the Mayo brothers, when developing the Mayo Clinic in
Minnesota, made numerous trips to Germany to study the latest treatments
(Clapesattle, 1941). Hun (1893) in his “Guide to American Medical Students in
Europe” (1883) notes many details, ranging from the student accommodation
available in the various German cities to assessments of the teaching at the
various schools. The entries regarding the medical schools at which Hansemann
studied include the following.

Leipzig. “The advantages for studying anatomy in Leipzig are probably unsur-
passed in the world.” ... “The laboratories etc belonging to the university are
handsome new buildings ...” ... “One of the most popular courses in Leipzig is
that of Prof. Cohnheim on pathological anatomy. He holds a course on demon-
strative pathological anatomy ...”

The academic staff at Leipzig included an illustrious group of medical sci-
entists: His!'! (histology), Thiersch (surgery), E.L. Wagner (internal medicine),
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Carl Ludwig (experimental physiology) and Weigert® (elementary pathological
histology; infectious diseases). On a lighter note, Hun records that “Leipzig has
a good opera and several good theatres”

Berlin. Hun (1883) records: “There is much rivalry between Berlin and Vienna ...
but there will probably have to be an entire change in the method of instruction
in Berlin before it will become very attractive to the foreign medical student....”

“Prof. Virchow gives systematic lectures on pathological anatomy, illustrated
by specimens, daily in the winter semester, from 1 to 2PM and in the summer
semester from 11 to 12M. In the first part of the hour, he exhibits any inter-
esting pathological specimens which he may have, whether or not they are con-
nected with the subject of his lecture; and then, while these specimens are passing
about from student to student, he proceeds with his regular lecture. On Mondays
from 8 to 10 AM in the winter semester, and from 7.30 to 9 AM in the summer
semester, autopsies are made before the class by Prof. Virchow in the first part
of the semester and by his students under his criticism during the last part of the
semester. The examination of the body and viscera is very minute and accurate.
On Wednesdays and Fridays at the same hour, Prof. Virchow exhibits macro-
scopic pathological specimens and lectures upon them, and passes microscopic
sections of them about among the students. These exercises, and the autopsy
exercise, are exceedingly valuable. On Tuesdays, Thursdays and Saturdays at the
same hour, the assistant gives a course in which the students cut and examine
under the microscope fresh pathological specimens....”

“Privatdocent Dr Friedlander (sic) gives a good course on pathological his-
tology. Prof Jacobson gives a course on experimental pathological investigations.
Dr Schiffer gives a course on experimental pathology and therapeutics.”

(For further notes on Virchow as a teacher, see below).

Kiel. This medical school is mentioned in Hun’s book (1883) only by a list of
courses, and the names of the academic staff. The Professor of Anatomy from
1876 to 1901 was Walter Flemming (see chapter 3), who conducted so much of the
research into chromosomes in this period, and presumably had a great influence
on von Hansemann. Kiel was a wealthy city, the largest in Schleswig-Holstein.

Because Hansemann was an undergraduate in these departments,and was later
accepted as an Assistant to Virchow, it seems likely that his education in pathol-
ogy was thorough, and that he was academically gifted. However, before further
studies, Hansemann did compulsory military service (Appendix 1 and Fig. 5).

Rudolph Virchow as a teacher

After completing his university studies and discharging his military duties (see
Appendix 1), Hansemann began his training in pathology with Rudolf Virchow
(Fig.6)!? (1821-1902) in Berlin in the Institute (Fig.7) associated with the Charité
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Hospital'. Virchow was the most influential pathologist in the world at the time,
and as well had been responsible for numerous improvements in public health in
Germany. He was also a leading Liberal statesman in the Imperial Assembly (Re-
ichstag), a prominent member of the Berlin City Administration and a founder
of the discipline of physical anthropology, so that justly, his life continues to
be celebrated in Germany. Several biographies (Ackerknecht 1953; Schipperges
1994; Andree 2002; Goschler 2002) have been published, and there are valuable
entries in Garrison/Morton (1970) and Dhom (2001). A pathological society in
New York was named after him. A bibliography of Virchow’s medical and an-
thropological works was published in the year after his death (Schwalbe, 1901).
Rather (1990a) has provided commentaries on Virchow’s medical articles.

Virchow’s career is sketched in note!? of this chapter; his philosophical in-
clinations in chapter 2; his ideas on pathological histology in chapter 3; and his
ideas on tumours in chapter 4. Virchow’s personal and professional attributes are
described in the biographies (above) and in English also by Byers (1989). Here is
noted some additional material relevant to Virchow’s possible interactions with
his Professional Assistants (Assistenten®).

In his early days as an academic, Virchow was undoubtedly a popular teacher
and mentor (Ackerknecht, 1953). However, by the time Hansemann joined the
Institute, Virchow may have been less tolerant of students (perhaps not an un-
common concomitant of increasing age). Ackerknecht (1953) quotes sources
suggesting that Virchow had “rigidity of thought”, “cold enthusiasm for truth”
and a taste for polemics. Lubarsch (1921), writing in an issue of Virchow’s Ar-
chives celebrating the centenary of Virchow’s birth, suggested that when an el-
derly professor, Virchow’s participation in seminars was irregular, and his con-
tributions often pedantic, or irritable, or both. Oskar Israel (1903)', Virchow’s
long-serving deputy at the Institute, in an obituary (Israel, 1903) made no men-
tion of Virchow’s personality, recording only his ability to disagree without per-
sonal insult, and his toleration of the ideas of others.

In general, however, Virchow was undoubtedly a courteous and tolerant per-
son throughout his life, and was obviously very careful to express differences
of opinion without giving offence. Virchow held a different opinion from many
others on the topic of lineage specificity of cells. However, in his article (1884)
on metaplasia Virchow’s tone is even-handed and polite in discussing all as-
pects of this phenomenon in normal and tumourous cells. In dealing with Elie
Metchnikoff!> (Metchnikoff, 1921), whose views on the functions of leukocytes
were diametrically opposite to his own, Virchow was supportive and courte-
ous during their personal meeting at Messina (Bibel, 1982). Virchow accepted
Metchnikoff’s work for publication in his (Virchow’s) Archives. An indication of
Virchow’s considerate nature also can be gained from letters to his parents, to
his daughters and his wife, which were published by his daughter and have been
translated and published in English (Rabl, 1907).
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For Hansemann, Virchow seems to have obtained funding for a new third
Assistent position immediately before Hansemann was appointed (Wirth, 2005).
This implies, but does not prove, that Virchow had the position created for Hanse-
mann. Also, Virchow’s toleration of the ideas of others was probably the most
significant aspect of his temperament. Hansemann’s theory of cancer was con-
trary to Virchow’s views on many points (chapter 5). Hansemann expressed
something of this in his dedication of his “Studies ...” (1893c). Virchow (1891)
mentioned the possible future significance of the study of karyokinesis in medical
research, but did not mention Hansemann’s work or any aspect of cellular genet-
ics in an article on recent progress in science and medicine (Virchow, 1898). Nor
in any article did Virchow refer to Hansemann’s then-new system of diagnosis
of malignant tumours according to the principle of anaplasia.

As a final point here, it seems an extraordinary coincidence that Hansemann
should have had a grandfather who was aleader of the constitutional government
in Berlin during the 1848 revolution, and as a mentor, the pathologist who was
most famously of similar political sentiments.

Post-graduate career

Hansemann obtained his Dr med. for work on tuberculosis of mucous mem-
branes. It is not clear whether any dissertation was presented for this (see Ap-
pendix A; Wirth, 2005). Hansemann joined Virchow’s Institute (Fig. 7) in 1886.
He was apparently awarded his habilitation doctorate (Dr habil.') in 1890, on
the basis of his studies of mitoses in tumours, but no mention of any dissertation
was made by Hansemann in his own publications, nor are they mentioned in the
writings of other authors we have read. There is no record of such a dissertation
in the British Library, Wellcome Institute Library or “The European Library”
(on-line catalogues). Hansemann was awarded the University title of Lecturer
(Privatdocent) at the University of Berlin in 1892 or 1893.

In 1895, Hansemann was appointed Prosector at the Friedrichshain Hos-
pital'? (Fig. 8). His photograph (Fig. 9) may have been taken at this time or later.
The portrait of Hansemann’s wife (Fig. 10) was painted in that year, and the
family photographs (Figs 11 and 12) are from about the same time. Hansemann
was awarded the title of Adjunct Professor® (Extraordinarius, Titularprofessor)
in 1897. He gave lectures on Pathology at the main college in Berlin for post-
graduate medical study (the Kaiserin-Friedrich-Stiftung'®, Fig. 13) from its foun-
dation in 1906. In the same year, he was appointed Director of Pathology at the
then-new Rudolph-Virchow Hospital'” (Fig. 14) in Wedding, Berlin and in 1912
made an honorary full University Professor (ordentlicher Honorarprofessor) of
Pathology (Liider, 2000).

Hansemann was secretary of the Committee for Cancer Research, and Editor
of Z.f. Krebsforschung. For a period, he was co-editor of Virchow’s Archives.
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During his career, he had arguments with others, especially Ribbert and
Lubarsch as described in chapter 6. These arguments, especially with von Leyden
(chapter 12 and Appendix A), may have affected his promotion at the Univer-
sity of Berlin. In the profession and society as a whole, the arguments may have
been less important, as indicated by the positions he held (see above) and the
recognition he received by virtue of his appointment as Geheimrat' for medicine
in approximately 1912. His involvement in the anti-Ultramontane movement?’
was probably of little significance to his career.

In W.W.I Hansemann (Fig. 15) served as a General in the Pathology services
of the Army on the Eastern Front, being awarded an Iron Cross First Class.
After the war, he returned to his duties at the University of Berlin, but died,
on August 28", 1920 of laryngeal carcinoma. His body was buried in the family
mausoleum in the old St Matthdus Cemetery in the district of Schoneberg, Berlin
(Fig. 16).

An obituary of 1937 (Appendix D) suggests that Hansemann wrote a “per-
sonal account” while serving during the war, and after the war was a favourite
of returned German soldiers at Medical School, and this is also stated by Wirth
(2005). However, David Paul’s grandson has no knowledge of this manuscript,
and we have not been able to establish whether or not the document existed,
and thus have not been able to examine its contents.

We have found no evidence of Hansemann having racist or anti-Semitic sen-
timents. In his book “Origin and Pathology” (1909f) which would have been the
probable place to express such views, there is no mention of Jewish people, or
of human “races” at all, except in relation to the inherited disorder of excessive
hairiness (hirsutism).

Notes to chapter 1

1 Freiherr indicates the lowest order of hereditary title similar to that of a baronet in the English
system.
The title of Geheimrat derived from Privy Councillor (Geheimer Rat — a member of the supreme
organ of government under the Prince or equivalent ruler in many German States. In the nine-
teenth century in Prussia, it was used to indicate a high official (e.g. Geheimer Finanzrat) but also
awarded as a mark of distinction to persons with no governmental function at all (e.g. that of
Geheimer Commerzienrat,for an eminent man of commerce). The system was abolished in 1918.

References: Encyclopaedia Britannica, 111" edn (1911); Schwarz (1943).

2 By the 1870s, most states in Germany had three types of high schools, which, with some regional
variations, had curricula as follows.
(i) Hauptschule (sometimes Realschule), which gave a basic secondary education in six years.

(i) Realschule or Oberrealschule and sometimes Realgymnasium (if it included some study of
the classics) offered a nine-year course, for those intending a career in commerce, and also for
engineers, technicians and scientists intent on tertiary education in Technical Colleges (Technische
Hochschulen).

10
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(iil) Gymnasien, which first appeared during the Counter Reformation as private institutions of
secondary education, and offered a nine-year course, based on Bildung (see note’ below). Their
curricula featured “humanistic” subjects embracing the liberal arts and the classical languages,
as well as science and mathematics. Gymnasien were for the intellectually elite students who
were destined for the professions, as well as the higher levels of the State Administration, of the
diplomatic service, of the Church and of the Military. The education provided was approximately
equivalent to the high school grades and a liberal Arts college in the American system.

References: Reinhardt (1960); McClelland (1980), Hahn (1998).

3 Hansemann (Appendix A) states that he went to a “Gymnasium in Charlottenburg” which may
have been one of the following: the Joachimsthal Gymnasium in Kaiser Strasse (now 1-12 Federal
Avenue), the K. K. (Kaiserlich und Kéniglich — “Imperial and Royal”) Augusta Gymnasium off
Berliner Strasse, or the “Bismarck Gymnasium”, which was closer to Wilmersdorf.

Reference: Berlin street map, in Baedeker’s “North Germany” (1910).
http://www.lib.utexas.edu/maps/historical/baedeker_n_germany_1910/berlin_1910.jpg

4 The Friedrich-Wilhelm Gymnasium was perhaps the most famous in Berlin, having Bismarck and
several noted philosophers among its alumni.

5 The ethos of Bildung is possibly derived from Aristotle’s “educatedness” (paideia) as opposed to
“special knowledge” (epistémé) (Boylan, 1983) and Thomasius’ (1655-1724) Gelehrtheit versus
Gelahrtheit (see chapter 2),and probably began to develop in Germany during the Reformation.
There is no exact English-language equivalent for Bildung but it aims at the formation and shaping
of high-level intellectual and emotional maturation of the individual by humanistic education,
especially through study of the Classics. Perhaps most neatly, Paulsen (1895) stated that the
educational aim of Bildung in relation to students was

“... to produce, not a narrow person, but a broad person sharpened to a point.”
References: Paulsen (1895),Jarausch (1982), Broman (1996).

6 The German Universities had several important features.

(i) They were founded on a state-by-state basis by the individual reigning princes (Landesviiter)
and governments, so that these universities were under governmental control and were in many
respects part of the Civil Service of each state, and often exhibited rivalries accordingly. With illib-
eral trends in Germany in the period 1870-1914 (Jarusch,1982), the German academic community
became more and more beholden to officialdom.

(ii) They were much more numerous than in England or France, and so tended to be relatively
small and thus unable to cover many academic subjects in great depth. Many students therefore
studied different parts of their degrees at different universities, as Hansemann did.

(iii) Because of the fragmented nature of German political and social life which was exacer-
bated by the religious divisions and bitterness associated with the Reformation, the Counter-
Reformation and the Thirty-Years War (1618-1648), there was no capital city of Germany to
form a focus of German national life, and by default, German universities became a major unify-
ing cultural focus for the German-speaking peoples.

(iv) German intellectuals were often University academics (e.g. Kant at Kénigsberg; Hegel at Jena,
Heidelberg, and Berlin; Fichte at Jena and Berlin, and August von Schlegel at Jena and Bonn.
By contrast, many English and Scots philosophers, such as Locke, Hume, Bentham, J. S. Mill and
Charles Darwin were never university staff members. Similarly in France, Voltaire, Rousseau, and
Diderot were not staff members of any University.

(v) The strength of the German university system lay in the academic excellence of the Professors.
Professores Ordinarii were heads of Departments and wielded more influence over their depart-

11
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mental staff than occurred in other countries. When a new Ordinarius took over a Department,
the contract staff associated with the previous Ordinarius was sometimes dismissed en masse.
Thus the pressure on Lecturers to obtain Professorial positions was enormous. The peak of the
cult of the all-powerful Ordinarius coincided with the period of Hansemann’s career.

Professores Extraordinarii (“A.0.”) were usually of higher standing than an “Associate Professor”
in current English and American universities,and were tenured although having a status and salary
below those of an Ordinarius. As with Hansemann, at the University Hospitals, the Professorial
title could be awarded without salary (Honorarius), similar to “Clinical Professors” in some
British and American institutions. A Privatdocent was equivalent to a Lecturer in the British
system. An Assistent (Professional Assistant) was a combination of tutor, as well as personal
and research assistant to the Professor. A Famulus was essentially a technical assistant to a
Professor, and lower in status than an Assistent. Professors were well-salaried, and in addition,
received students fees (Horgelder) directly. On the other hand, lecturers, professional assistants
and technical assistants (Privatdocenten, Assistenten and Famuli) were generally poorly paid and
on limited-term contracts. Many supplemented their incomes with part-time paid teaching outside
the particular university of their primary affiliation.

(vi) The German University system was extensively reformed thanks to Wilhelm von Humboldt
in 1808-1810, who, as Minister for Education in Prussia, established the University of Berlin
(see below). He strongly supported the “three freedoms” of German University life: freedom
of teaching, freedom of research and freedom of movement (for both staff and students). These
changes came to be applied to all Universities in the newly-enlarged Prussia after 1815 (see
above), and the further enlarged territories of the Second German Reich (Empire) after 1871.
Universities in the German speaking areas outside the Reich (essentially Austria and German-
speaking Switzerland) tended to follow suit.

References: Boyesen (1878), Paulsen (1895), Virchow (1894), Spranger (1960), Reinhardt (1960),
Flexner (1968), Sweet (1978), McClelland (1980), Parkinson (1988), Solomon and Higgins (1993),
Mautner T (1995), Audi (1999), Dematteis and Fosl (2002), Charle (2004), Riiegg (2004).

The medical faculty of the University of Berlin was established in 1810, with Rodolphi as Foun-
dation Professor of Pathology. He was succeeded in 1832 by Johannes Miiller. The latter became
perhaps the most remarkable teacher of science in modern history. Miiller’s own works included
the first studies of the cellular nature of tumours (Miiller, 1838) and “Elements of Physiology”
(1840). His students included the histologists Schwann, who proposed the Cell Theory for animals
(see chapter 3), His (1811-1887), Henle (1809-1885) and Kélliker (1817-1905). Other students
made major contributions to other disciplines, including Virchow (see note), Helmholtz (1821-
1894), who conceived the law of conservation of energy as well as contributing to optics and
acoustics, and Wilhelm Wundt (1832-1920), who founded experimental psychology. Another of
Miiller’s students was Briicke (1819-1892) who in turn was a major influence on Sigmund Freud
(1856-1939).

References: Haggard and Smith (1938), Rather et al. (1986), Bringman et al. (1997).

Julius Friedrich Cohnheim (1839-1884), b Demmin, Pomerania, graduated in medicine at the
University of Berlin 1861; assistant to Virchow 1864-1868;then successively Professor of Pathol-
ogy at Kiel, Breslau and finally Leipzig (1876-1884).He is best known for discovering that cells
in pus are emigrated blood leukocytes, and for the “embryonal rest” theory of the nature of
cancer (Wolff, 1907). A popular and successful teacher, his three-volume “Lectures in General
Pathology” was widely acclaimed and the 29 edition was translated into English in 1889.

References: Malkin (1984), Dhom (2001).

Carl Weigert (1845-1904), b Miinsterberg, Silesia; graduated in medicine; received training in
pathology under Waldeyer, Lebert and Cohnheim (1878-1884). In 1885 (having been refused the
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Chair at Leipzig after Cohnheim’s death), he received the call to Frankfurt am Main, as Professor
of Pathology at Senckenberg’s Institute. His main interests were bacteria and histological stains.
The most frequently used of his stains today is “Weigert’s stain” for myelin.

Reference: Wohlrab and Henoch (1988); Dhom (2001).

10 The largest group of student voluntary organisations consisted of “Duelling Corps” which, in
1903, involved 39 % of all students. The Burschenschaft (the most military in tone) comprised
only one type of these Corps. Other associations were “Colour-Carrying Corps” (22 %), religious
groups (13 %), and scholarly, political, sports, social and other associations (all less than 10 % of
students each).

Reference: Jarausch (1982).

11 Wilhelm His (1831-1904) is remembered for the “bundle of His” in the electrical conducting sys-
tem of the heart. Carl Thiersch (1822-1895)studied the histopathology of skin cancers, concluding
that skin cancers must come from epidermis; he also founded plastic surgery. Carl Ludwig (1816—
1895) is remembered for his contributions to experimental physiology in cardiology, nephrology
and anaesthesia. Weigert is mentioned in note®.

References Garrison/Morton (1970), Rather (1978), Silverman et al (2006).

12 Rudolph Virchow (1821-1902),b in Schievelbein, Pomerania, entered the Gymnasium in Kslin
in 1835, and the Royal Medical-Surgical School, Friedrich Wilhelms Institute, Berlin, in 1839;
worked in Miiller’s laboratory (see note’ above). Virchow was appointed Assistant Physician at
the Charité April 1843; awarded Doctor of Medicine October 1843, became voluntary assistant
to Friorep (see above) in the Autopsy department of the Charité in 1844, and passed the State
Examination in March 1846. He was appointed acting Demonstrator/Prosector (after Friorep’s
resignation) May 1846 and was released from clinical duties at the Friedrich Wilhelms Institut
and further military obligations in April 1847. Later in the same year appeared the first issue of
Archive f. path. Anat. (etc) which he published with Reinhardt, and is now known as “Virchow’s
Archives”.

A forceful intellect and disputant, he was a favourite of students in his youth, and held markedly
liberal views. These opinions were manifest by his condemnation of living conditions in Silesian
towns (in an officially-commissioned report), his editorship of a Liberal journal "Medical Re-
form" (1846-1850),and his involvement on the side of the revolutionaries in the Revolution of
1848 (in which Hansemann'’s grandfather was a principal — see main text of this chapter).

After the suppression of the political uprising of 1848-9 in Berlin, Virchow lost his lectureship
(above) and was forced to go to Wiirzburg (in the less repressive state of Bavaria). Outcry against
his banishment caused Virchow’s return to Berlin, where construction of a new Institute Build-
ing was begun (completed in 1865, but requiring many additions in subsequent years). Virchow
entered the City Council of Berlin in 1859; became a member of the Prussian House of Represen-
tatives (Abgeordnetenhaus) in 1862, and from 1880-1893, was a member of the Imperial Assembly
(Reichstag). He was a founder of the Progress Party (Fortschrittspartei) in the Prussian Assem-
bly from 1861. Later, during the period of secular-Catholic religious struggle (Kulturkampf —
see chapter 2) he was forced to acknowledge the separation of medical science from religion in
society (see pages 35-40 in Schipperges, 1983). Bismarck challenged Virchow to a duel in 1865
(the challenge was not accepted) but the two adversaries later cooperated on the issue of the
Kulturkampf. (A cartoon and other illustrations from the period are reproduced in the guide
book of the Berlin Museum of Medical History at the Charité).

Virchow’s interest in anthropology developed in the late 1860s and he founded a journal (Zeit-
schrift fiir Ethnologie). Virchow abandoned the fourth volume of his work on “Disease-related
Tumours” (Die Krankhaften Geschwiilste, 1862-1866; see also chapter 4). In anthropology, he
spent much of his time studying skeletal remnants claimed by their discoverers as of “prehistoric
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races”. Virchow did not decide that any examples of these were proven to be of any “prehis-
toric” peoples. Unfortunately for his reputation, one specimen on which he pronounced “normal
European with disease” was the Neanderthal skull (discovered in the Neander valley in what is
now North Rhine-Westphalia). This has come to be recognised as indeed an example of a dif-
ferent race of man (Harvati et al, 2004). Perhaps his anti-evolutionary stance (Virchow, 1886)
contributed to his mistake in this regard. Virchow also conducted anthropological studies of Jews,
showing that there were no significant physical differences between this group and Gentiles, and
hence suggesting that a concept of European Jews being of a different “race” of man is without
foundation (Ackerknecht, 1953).

Sadly, in recent years, Virchow is alleged to have contributed to an “anti-humanist” turn in Ger-
man science in the nineteenth century (Zimmerman,2001), characterised by the accumulation of
collections of specimens in museums. However, to a pathology educator, the value of museums
of specimens is so manifestly obvious (as could be seen in either preserved specimens or as casts
in any medical school since the seventeenth century) that a museum of anthropology for the
purposes of maintaining and furthering knowledge in this discipline would have been unchal-
lenged (museums of Natural History were being established as public and private institutions
throughout the Western World at this time). For an account of anti-vivisectionism, Darwinism
and Wagnerism in Berlin, see Rather (1990b). Furthermore, Virchow’s reputation as a Liberal, an
anti-racist and a spokesman for Science should not be tarnished by such narrow considerations.
Virchow continued to edit his Archives (only officially renamed “Virchow’s Archives” after his
death) and the museum for a new Institute building was erected in 1901 in time for his 0™
birthday. He remained a teacher of Pathology at the Institute of the Charité until he died from
complications of a fall from a tram in Berlin in 1902.

Additional references: Israel (1903), Lubarsch, (1921); Ackerknecht (1953), Rather (1971), Schip-
perges (1994), Taddey (1977), Zimmerman (2001), Goschler (2002), Andree (2002).

The Charité Hospital was founded in 1710 beyond the city limits, and was intended to be a “pest
house” for potential cases of plague during an epidemic in the region. However, the epidemic did
not reach Berlin, and it served as a “work house” (destitute asylum). In 1713, an anatomy school
for military doctors was attached; in 1727 the complex became a hospital, was given its current
name and became the centre for the more extensive teaching and research of the “Medical and
Surgical College” (military medical school). From 1785 to 1797 there was an extensive building
programme. In 1831 an autopsy department (separate from the University Department under
Rodolphi, see note” above) under Probius was formed in the hospital. The second prosector of
the department was Friorep, during which time, academic pathology was taught at the Medical
School by J. Miiller (see above). Virchow (see above) was appointed both head of the Hospital
Department and Professor of Pathology in 1856. A new Institute building was erected in 1865,
and an even larger one was begun in 1899, in association with great expansion of the site. The
Charité was Berlin’s largest hospital until the end of W.W.II. During the period of the German
Democratic Republic few improvements were made, but a substantial rebuilding programme has
been instituted since reunification of Germany in 1990.

References: Ackerknecht (1953), Ludewig (1986), Kreitsch (1990), Schattenfroh (2002).

Oskar Israel (1854-1907) studied in Leipzig, became Assistent (following Orth) to Virchow in
1874; State (registration) Examination (Staatsexamen), 1878 and Dr habil. (note'®, below) in
1885. Heremained in Virchow’s Institute as teacher and Prosector and published a practical guide
to pathological histology in 1889. He was appointed Professor Extraordinarius (note® above) in
1893, and after Virchow’s death, he remained Prosector under the new Director, Orth.

Reference: Dhom (2001).
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15 Elie Metchnikoff (1845-1916),son of rural landowners in the Ukraine near Kharkov, graduated
in biology from the University there in 1863. He subsequently studied in various universities in
Germany, as well as at Naples, St Petersburg and Odessa. Metchnikoff began work on phagocytic
theory in 1883 which essentially established that the main function of neutrophil and monocyte-
type leukocytes is the phagocytosis and intracellular destruction of bacteria. He moved to Paris
in 1888, published “Lectures on the Comparative Pathology of Inflammation” (1892) and con-
tinued studies of immunity and phagocytosis. He was awarded the Nobel Prize for Medicine and
Physiology in 1908.

Reference: Metchnikoff (1921), Ghislein and Groeben (1997).

16 In Germany a Faculty Doctorate (e.g. Doctor of Medicine) can be obtained by approximately one
year of post-undergraduate research work. The Dr habil. is a higher doctorate which is awarded
following successful presentation of the Habilitationsschrift. It usually follows several years as a
professional assistant (Assistent) and often lecturer (Privatdozent) in a University Department,
and is the prerequisite for any professorial appointment. It therefore usually indicates a higher
level of education and experience than a Doctor of Philosophy (Ph D) in the English-speaking
systems.

17 Building of the Friedrichshain (“Friedrich’s Heath™) Hospital, at that time an outlying area of the
city, began in 1864, and the institution opened in 1874 as the first hospital established in Berlin by
the City administration, rather than by the monarch. The pathology department was originally
led by the distinguished researcher Friedldnder (1847-1887) until his early death. The position of
Prosector was then left vacant until 1895 (due to the influence of Virchow) until Hansemann was
appointed to it (while Virchow was away from Berlin on a visit to Egypt).

References: Obituary by Ostertag (Appendix D), Wolf (1999), Wirth (2005).

18 This college (the "Empress Friedrich Foundation" — Kaiserin-Friedrich-Stiftung) was established
adjacent to the Charité Hospital at No 7 Luisen Platz (now “Robert Koch Place”), as a post-
graduate medical educational institute in 1906. The leading figures in its foundation were the
surgeon von Bergmann (1836-1907); the urologist Kutner (1867-1913) and Friedrich Theodor Al-
thoff (1839-1908) who was departmental head for universities (Universititsreferat) in the Ministry
of Education from 1897.The College was named after its major supporter, the widow of Emperor
Friedrich IIT (1831-1888). Victoria (1840-1901) was daughter of Queen Victoria, Princess Royal
of England and mother of Wilhelm II. The Institute had a lecture theatre, and rooms occupied
by displays of contemporary medical equipment of all types. It served these purposes until it was
taken over by the Russian occupying military forces in 1945, and after that, housed the Academy
of Arts (Akademie der Wissenschaften) of the German Democratic Republican (D.D.R.). Since
1992, the building has been elegantly restored, and re-established as a centre for post-graduate
medical education, although many of the rooms are let to private medical practitioners.

References: Bergmann (1906); Sachse (1927), discussions with Prof. Dr. Jurgen Hammerstein,
Director of the Institute, personal observation (LPB).

19 The Rudolph-Virchow Hospital was founded in Wedding in 1906 to the design of Ludwig Hoff-
mann. Architecturally it was famous for its parallel pavilions, with the pathology department at
the end of a long central avenue. Hansemann was appointed as the first Prosector, and was made
Ordinary Honorarius Professor of Pathology in 1912.1t has since become a modern general hos-
pital with numerous specialist clinics. In 1989 the original pathology department building was
converted into a library, especially for medical students and little now remains of the original
internal design of the building.

References: Schattenfroh (2002); guide book of Berlin Medical Museum at the Charité.
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20 The “Ultramontane” movement referred to the activities of German Catholics under the influence

16

of the Papal assertion of infallability, and the power of the Pope over local secular political
leaders. In Germany resistance (anti-Ultramontanism) to this Catholic initiative was mainly by
liberal nationalist Protestants, and took the form of Associations having activities as indicated in
Hansemann’s letter (Appendix 1). The struggle was conducted in the political and cultural arenas,
and there were no civil disorders or significant illegal actions by either side.

Reference: Clark and Kaiser (2003).



Figures

Figure 1. Portrait of David Justus Hansemann (1790-
1864). Courtesy of Mr Wolfgang von Hansemann.

David Hansemann
R

Figure 2. Statue of David Justus Hansemann,
located in Hansemann Platz, Aachen. Pho-
tographed in 2006 by Dr Bignold.

The inscription on the base (four panels) reads

“David Hansemann 1790-1864.

To a meritorious citizen of the city of Aachen
1820-1848.

To the founder of the Aachen and Munich
Fire Insurance Society and the Aachen Society
for the Promotion of Industriousness (Arbeit-
samkeit) 1825.

To the leading campaigner (Vorkimpfer) for
the development of railways in the Rhineland
Province.”
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Figure 3. Portrait of Gustav Hansemann
(1829-1902). Courtesy of Mr Wolfgang
von Hansemann.

Figure 4. Buildings (thought to be orig-
inal) on the site labeled “Dye-works of
Gustav Hansemann” on the Town Plan
of Eupen, 1860s. Photographed 2006 by
Dr Bignold.




Figures

Figure 5. David Paul Hansemann in 1882, the year of his military service. Courtesy Mr Wolfgang von
Hansemann.
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Figure 6. Rudolph Virchow (1821-1902) in 1890. Courtesy
Ms Elke-Barbara Peschke, Director of the Historic Book
Collection of Library of the Humboldt-Universitét, Berlin.

Figure 7. Virchow’s Institute Building, as it appeared in
the late 1880s. (Reproduced from Virchow’s Arch. vol. 235,
1921)




Figures

Figure 8. Facade of Pathology building at the
Friedrichshain Hospital now, and probably little
changed since Hansemann’s day. The interior, however,
was altered in the 1950s. Photographed by Dr Bignold,
2006.

Figure 9. Hansemann in early middle age (date not
known, but possibly in 1897). Courtesy Ms Peschke, Di-
rector of the Historic Book Collection of Humboldt-
Universitit Library, Berlin.
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Figure 10. Portrait, dated 1895, of Elizabeth Figure 11. David Paul Hanseman and his
Hansemann (nee Walter, 1863-1935). Courtesy son Fritz, about 1892. Courtesy Mr Wolf-
Mr Wolfgang von Hansemann. gang von Hansemann.

Figure 12. Hansemann family on holiday, about 1892. Courtesy Mr Wolfgang von Hansemann.
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Figure 13.Facade of the Kaiserin-Friedrich-Stiftung
(1906) restored to its original appearance in the
1990s. Courtesy Professor Dr. med. Jiirgen Ham-
merstein.

Figure 14. Facade of the Pathology Building of
the Rudolph Virchow Hospital photographed 2006.
This aspect of the building is probably little changed
since Hansemann’s time, but the interior is now the
library of the Campus Virchow Klinikum. Courtesy
Ms Mary Peterson.
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Figure 15. David Paul von Hansemann and his
son Fritz in 1914. Courtesy Mr Wolfgang von
Hansemann.

Figure 16. The Hansemann Mausoleum, in
Schoéneberg, Berlin, photographed in 2006. A
plaque on its wall reads:

“Family vault of the von Hansemann family,
Built in 1876 by Friedrich Hitzig,

Extended in 1901 by Walter Ende,

Restored in 1986 by the Deutsche Bank AG”.

Courtesy Ms Mary Peterson.




Chapter 2

Aspects of philosophy in the culture and science of
Germany in the nineteenth century

Introduction

There is a clear philosophical component to Hansemann’s works on cancer and
other medical topics. The most obvious is the application of the concept of “al-
truism” in relation to cell biology in his article (1890a) and in “Studies ...”
(1893c). Further, his books “Origin and Pathology” (1909f) and “On conditional
Thinking ...” (1912f) include overtly philosophical discussions. The philosophi-
cal strands in Hansemann’s cancer writings sometimes make his work difficult to
understand, especially for those readers with an English-speaking background.
Moreover, it was probably one reason for the later forgetting of Hansemann’s
ideas (chapter 6), not least because the “philosophical” approach to the analysis
of biological issues was rapidly becoming obsolete in the 1890s.

Hansemann’s philosophy of cancer (chapter 5) also probably contributed to
some of his arguments with colleagues, for example Ribbert and Lubarsch, con-
cerning the nature of the tumourous abnormality of cells (chapter 6). Finally,
Hansemann’s philosophical inclinations allowed later authors, such as Borst
(chapter 6) and Ostertag (Appendix C) to discount all Hansemann’s writings
as “too philosophical”, and thus ignore his valid contributions to the mechanistic
analysis of the formation and characteristics of tumours.

The purpose of this chapter is to sketch those aspects of German philosophy,
including the ideas of Rudolph Virchow (Hansemann’s teacher) which are rel-
evant to the formation and expression of Hansemann’s ideas, as well as those
aspects which influenced views of Hansemann’s contemporaries.

Influence of the Ancient Greeks

The influence of specific Ancient ideas in biology, physiology and medicine (for
example, those of Aristotle, Hippocrates and Galen) began to decline with the
discovery of the circulation of the blood by Harvey in the1640s, and with the
advent of reliable microscopy in the early nineteenth century. Nevertheless, the
general concepts of the Ancients did not lose their influence so quickly. For ex-
ample, the edition of the Hippocratic writings published in 1849 in London was
said by Garrison/Morton (1970) to have been for possible practical use by med-
ical practitioners at the time. According to Virchow, in the 1850s the Viennese
school of tumour theorists was essentially “neohumoralist” in type. By Hanse-
mann’s time, only some ritualistic introductory mention of the Ancients persisted
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in academic medical and biological writing. Hansemann himself mentioned Pliny
the Younger! in the Introduction to “Studies ...” (1893c) and Aristotle’s “Four
Causes™ in the Introduction to his “On Conditional Thinking ...” (1912f).

These persistent influences of the Ancient Greek legacy had negative effects
on science even in the nineteenth century (Nordenskiold, 1928; Singer and Un-
derwood, 1962) which were probably relevant to Hansemann and his opus.

The first negative influence was the continuing acceptability of supernat-
ural/irrational/mystical mechanisms of biological phenomena and disease to
many nineteenth century authors. Although specifically “rational/mechanist”
ideas of biology and disease appeared in anti-Aristotelian publications during
the Reformation®, and were the essence of Descartes™ work in biology, direct
use of specific irrational mechanisms, especially Plato’s concept of “forces” (Nor-
denskiold, 1928) and Aristotle’s notion of “spirits” (Singer and Underwood,1962;
Hall, 1972; Carter, 1983), continued well after that. For example, in the nineteenth
century, “forces” were still being used as explanatory biological mechanisms; for
example, “organic forces” by Miiller in his “Elements of Physiology” (1838),
“life forces” by Virchow in 1854 (Rather, 1990a) and “plastic forces” by Charles
Darwin, in his “Variation in Plants and Animals under Domestication” (1868).
There were also indirect applications of irrational Graeco-Roman ideas in the
eighteenth and nineteenth centuries, for example, by Stahl in his concepts of
“Anima” and by Barthez in his idea of “Vitalism” (Daremberg, 1870; Driesch,
1914; Schubert-Soldern, 1962; Williams, 2002). By the 1890s vitalist and simi-
lar notions were losing popularity. This was especially because the proofs that
fermentation occurs by catalysis (not by “vital forces”) and that chromosomes
are the vehicle of the transference of heredity (chapter 3) made valueless most
of those non-mechanistic theories of biology which had been associated with
philosophy since Ancient times (Nordenskiold, 1928).

There is no evidence of Hansemann himself embracing any vitalist or similar
ideas to explain cancer or any other biomedical phenomenon. Hansemann’s
work was probably affected only in so far as he was opposed to the vitalist and
other mystical notions still espoused by some of his contemporaries.

Second was the particular belief in the significance of “harmonies” and “bal-
ances” for “normal” existence and health. Many subsequent medical writers used
“balances” of various factors in their theories (Singer and Underwood, 1962). Vir-
chow (see section on “Cellular Pathology” below) thought of disease in terms of
“harmonies” and “balances” in actions of cell types in relation to one another.
In his early papers Hansemann analysed the possible effects of asymmetric nu-
clear division on the daughter cells in terms of “balances of chromosomes” and
also balances of hereditary units (“plasmas”, “ids”, “gemmules”,see chapter 4).
However, in later works, Hansemann hardly mentioned this principle at all.

Third, there was the tendency to over-abstraction, often in association with
over-inclusion of disparate phenomena,in the search for all embracing systems or
concepts. This was notable in Germany as “excess conceptuality” (“iibermidissige
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Begrifflichkeit”). In medical science, Henle (1853) appears particularly to have
had this tendency.

Fourth, there was a tendency to look for progress to truth through argument,
rather than fresh observation, for example in the dialogues of Plato (Allbutt,
1921; Barnes, 2003). Such disputation is perhaps less conducive than quiet dis-
cussion to development of experimentally testable hypotheses in the natural
sciences (Nordenskiold, 1928). This argumentative tendency may have passed
via Lessing’s Streitkultur (below) to Hansemann and his contemporaries (see
chapter 6).

German philosophy and literature after the Reformation; Streitkultur

A specific “German Philosophy” is considered to have emerged only after the
Thirty Years War?, perhaps particularly with Thomasius® (1655-1724), and Cas-
par Wolff” (1679-1754). These thinkers probably constituted a preliminary phase
of the Enlightenment, which was largely concerned with attempts to secularise,
liberalise, constitutionalise and perhaps most urgently de-brutalise European so-
ciety. Progressively, the later German philosophers indulged more and more in
metaphysics, and their use of conceptuality for clarity and classification resulted
in ever more all-embracing concepts and complicated “systems” of thought. Con-
ceptuality is identifiable especially in the works of Kant® (1724-1804) but also in
those of Fichte® (1762-1814),Hegel'® (1770-1831),Schopenhauer!! (1788-1860)
and even Richard Wagner!? (1813-1883). In these works, the usage may or may
not be considered excessive —and perhaps should be determined in each case by
different opinions and different perspectives.

However, most German scientists were probably not affected by these devel-
opments to any great degree. In particular, Albrecht von Haller (1757) conducted
and reported strictly experimentally-based studies of the “Motion of the Blood”.
This mode of experimentation was followed by nineteenth century physiologists,
notably Carl Ludwig (1816-1895) but, as shown below, to only lesser degrees by
contemporaneous German pathologists.

From this, Hansemann’s “Studies...” (1893) can be interpreted as marked by
“libermdssige Begrifflichkeit”, because of the very extensive series of ideas which
he included under each of his conceptual groupings of “Specificity”, “Altruism”
and “Anaplasia”. Further in attempting to use this triad of concepts (Specificity,
Altruism, Anaplasia) to categorise all aspects of tumour cell morphology and
behaviour, he was in fact creating a “System of Cancer” or at least a “systemati-
sation of cancer” in the German philosophical tradition (chapter 5).

In the middle period of the Enlightenment, Gotthold Ephraim Lessing (1729-
1781)!3 stood out as an “even-handed rationalist”. His idea of Streitkultur in-
volved the use of open, vigorous public debate to address issues for the benefit
of all (Mauser and Sasse, 1993). This seems to be,indirectly if not directly,a model
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for how Hansemann approached his chosen area of medical research, and also
for the interpretations published by his contemporaries of his writing (chapter 6).

“Romantic biology” and Naturphilosophie

“Romantic biology” was a strand of nineteenth century philosophy which proba-
bly represented an off-shoot of the Romantic Movement!* (Poggi and Maurizio,
1994; Maienschein and Ruse, 1999). Yet another strand in German thinking in
the early nineteenth century was Naturphilosophie'> which EW. von Schelling
(1775-1854) used as a counterpoint to his ideas of Transzendentalphilosophie.
The latter was perhaps a forerunner of “biologistic sociology” (see below). Both
of these included metaphysical concepts in their systems, and except for Hanse-
mann’s attempt to “systematise” cancer, there is no evidence of either Romantic
philosophy or Naturphilosophie affecting his writings.

Characteristics of Virchow’s thinking

Virchow did not write any exclusively philosophical texts, and hence he is not
oftenregarded as a philosopher in the conventional sense. However, the “Cellular
Pathology” had the characteristics of a “philosophy of pathology”, as discussed
in the next section. The general characteristics of Virchow’s thinking included:

(i) Persistent influence of the Ancient Greeks, which was evident in his accep-
tance of “life forces” as a biological mechanism (see above).

(ii) Inclination to overarching concepts. In general this is evident in Virchow’s
use of phrases such as “Law of ...” or the “Doctrine of ...”.

(iii) Romantic notions of the role of medicine in society, and the dramatic mo-
ments which “turn” medical history. These are to be found especially in
his articles in his journal “Medical Reform” (1848-9) (Ackerknecht, 1957,
Rather, 1962, 1971; Virchow, 1907).

(iv) Perceptions of cross-disciplinary analogies, especially the attempts to link
social processes and disease processes (as in his version of Cell Theory,
above). Early in his career Virchow intended to achieve a philosophical
construction involving both the biological and the social worlds; he was
not just using the comparison in a metaphorical sense in political debates
(Rather, 1962; Schipperges, 1994; Goschler, 2002). In this Virchow saw a
philosophical analogy with human society to underpin his humanitarian
objectives.Thus Virchow has to be included with Haeckel (see below) among
the contributors to “biologistic sociology” (see below).

In relation specifically to Virchow’s “scientific method”, Rather (1962) stated:
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“With a remarkably clear idea of scientific method, avoiding both the halting gait of narrowly
conceived Baconian induction and the erratic flights of the less critical nature-philosophers,
he stated that hypotheses and analogies should be firmly based on phenomena of general
occurrence.” And also: “Systems, according to Virchow, were to be avoided until a sufficient
quantity of empirical data could be accumulated”.

Hansemann praised Virchow’s adherence to “scientific method” in a few articles
(Hansemann, 1891¢, 1895d), but his own thinking does not seem to have been
particularly affected by it. Hansemann’s mental processes seem simply and solely
to have been in accordance with the general “scrupulous intellectual tradition
of Bildung” (chapter 1).

Virchow’s “Cellular Pathology” as a philosophy of pathology

Because Hansemann defended Virchow’s “Cellular Pathology” in several articles
(1891b; 1893a; 1895d), some indication of the nature of Virchow’s concepts is
relevant here.

An analysis of “Cellular Pathology” in anatomical and pathological terms
is given in chapter 3. Discussion in this section is limited to views of “Cellular
Pathology” as a philosophy.

Rather (1962) believed that Virchow’s “Cellular Pathology” represented a
system of pathology in the tradition of eighteenth century philosophers. Rather
(1962) also noted that Virchow attempted to discuss “the nature of disease” in
ontological terms (i.e. do diseases have real existence? — “ontology” is the part
of metaphysics concerned with being).

Bolsche (1906, p. 152) thought Virchow’s ideas amounted to the following:

“Health was the harmonious cooperation of (the various cell types within —eds) the cell-state;
disease was the falling away of some of the cells to special work that injured or destroyed
the whole community.”

Schipperges (1994, pp 58-9) expressed the matter as follows:

“With the dictum ‘omnis cellula e cellula’, the principle lines of the entire concept can also be
sketched, namely,

1) the genetic (genetische) principle which rejects all earlier theories of alien, ontological
or parasitical causes of disease, and points on the contrary, wholly to the unified develop-
mental line of the healthy as also of the diseased, life;

2) the social-political moment, which does not wish to see in the cell complex anything
other than a democratically ordered constitution of balance;

3) the scientific method, which, via an empirical path, with morphological presupposi-
tions and the help of experimentation, leads further to the verification and falsification of
the theories.”

Overall, the “Cellular Pathology” can be interpreted as a philosophical system of
thought, especially because it approved some modes of contemplation and sci-
entific investigation, and it specifically excluded others. In fact, the great weak-
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ness of “Cellular Pathology” was that it declared that any significant external
causes of disease are impossible. It also denied any possible role of blood-borne
pathogenic factors, whether they were circulating whole bacteria (as in septi-
caemia) or circulating toxins (“toxaemias”). Possibly it was partly on the basis
of this philosophical component of “Cellular Pathology” that Virchow opposed
Cohnheim’s work on the leukocytic origin of pus cells (Rather, 1972); Klebs’
work on bacteriology in general,and Koch’s work on anthrax and miliary tuber-
culosis (both of which involve blood-born microorganisms) — see also Malkin
(1990) and chapter 6.

Early in his career, Hansemann was doubtful about the pathogenic nature of
microorganisms. In fact, his defence of “Cellular Pathology” against bacteriology,
serology and immunology (Hansemann 1891c; 1895a; etc — chapter 12) probably
damaged his own reputation in the profession, and may even have cost him
appointment to Virchow’s chair of Pathology in 1902 (chapter 6).

Darwinism in Germany

Much “Darwinism” preceded Darwin!® (Glass et al, 1959). Suggestions that
species may change into other species were made by various authors as early as
the Ancient Greek Xenophanes. In the period immediately relevant to Hanse-
mann, Charles Darwin’s grandfather, Erasmus!’ challenged the Christian dogma
of immutability of the (God-created) species in “Zoonomia” (1796). This idea
was rejected at the time, but after Erasmus Darwin’s death, the study of geology
(which, like the biological sciences, was assisted enormously by better micro-
scopes — chapter 3) led to a better understanding of the great age of the earth,
and of life upon it.

Meanwhile, expeditions to all parts of the globe to collect specimens accumu-
lated biogeographical data of increasing significance. The concept of mutability
of species nevertheless was resisted. The idea that living things could be altered
by human beings (either by hybridizing plants or by selectively breeding domes-
ticated animals with particular characteristics of economic value) was incontro-
vertible but largely ignored. The major cause of dispute was the proposal that
species in the wild change under the influence of a pitiless, never-ending natu-
ral struggle for survival, in which no God ever intervened (Hodge and Radick,
2003).

In the discussion of the fact of mutability of species (see above), compara-
tive embryology became an important consideration. The early embryologists
(chapter 3) had found similarities between the adult morphology of “lower” an-
imals and the early embryos of “higher” animals. It is clearly of little value for
the survival of (say) a species of placental animal for its embryos to have (at
any stage) gills like those of a fish. The only explanation of such developmen-
tal features common to many species is that a gradual evolutionary change of
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species has occurred over time, by some process of “modifications and add-ons”
to earlier and simpler species, leading to the formation of “later”, “higher” and
more complex species. Darwin (1868) emphasised that evolution must occur by
these “small changes” but could not establish their mechanism (chapter 3).

In Germany the most prominent Darwinist was Ernst Haeckel'® (1834-1919).
Having conducted significant research on the biology of Radiolaria, publishedin
1862, Haeckel became absorbed in Darwin’s theory of evolution and launched
the Darwinian phase of his career with a lecture at a scientific meeting at Stettin
in 1863. In this he affirmed the development of Man from apes; the emergence of
“higher” forms from “lower” forms in sequence over a long period of time; and
described the “tree model” of evolution, in which species branch off from one
another with the passage of time. Haeckel also included the observations that
evolution results in greater degrees of “perfection” of the individual, and also
greater sophistication of the relationships between the cellsin the “Cell State” of
the body (quoting Virchow’s conception of Cell Theory — above and chapter 3).

Haeckel then proceeded further to analyse zoology in his “General Morphol-
ogy” published in 1866. Bolsche (1906) summarised Haeckel’s work as follows.
First, Haeckel identified unicellular organisms as a separate “Kingdom” (“Pro-
tista”, now known as Protozoa); second, he described his notion of subcellular
units of life (Monera); third, he emphasised his “Biogenic Law”: “Ontogeny re-
capitulates Phylogeny”; and fourth, he attempted to find mathematical laws for
animal morphology, such as the angles between the arms of starfish.

Philosophical tendencies are obvious in the chapters of “General Morphol-
ogy” dealing with methodology, and in the approaches to the mental and social
aspects of human life presented by Haeckel in the later volumes. These parts of
his work can be seen to be a component of the “biologisticsociology” of the later
nineteenth century (see below).

In Britain and the United States, Darwinism was attacked in various ways,and
underwent a period of eclipse until the 1920s (Bowler, 1983). Some of Darwin’s
supporters took intellectual paths which diverged to varying degrees from the ut-
terly rational and secular nature of Darwin’s theory. Wallace!® (1823-1913), who
had a similar idea of the mechanism of the developments of species, later adopted
spiritualist ideas. Haeckel'® (see above and chapter 3) in later life accepted “psy-
chic” experiences as valid. However, T. H. Huxley? (1825-1895), widely referred
to as “Darwin’s bulldog”, remained committed to evolution to the end of his life,
although he was concerned with what he saw as the dubious moral and ethical
ideas which some authors were deriving from Darwin’s theory.

In Germany generally, Darwin’s theory did not cause such great controversy
asitdid in England, perhaps because the Lutheran Church was less interested in
biological matters, and further, perhaps because the tolerant attitude to diversity
of religious beliefs in the era of Fredrick the Great (1712-1786) may not have
faded. Another factor may have been that religious concerns in Germany at
the time were dominated by the secular-Catholic struggle of the Kulturkampf?'.
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Virchow certainly attacked Haeckel’s views on evolution at a congress in 1877
(Bolsche, 1906) and later published a formal critique of evolution (Virchow,
1886). However, there islittle evidence that Virchow’s views were very influential,
and they were certainly little discussed in Britain or the United States.
Hansemann was concerned with Darwinism and embryology insofar as he
was concerned with heredity and variation among cells of any type. Furthermore,
his theory of tumours involved a “hereditary modification/loss or add-on” of the
normal cells, and he cites Darwin’s “Variation of Plants and Animals” (1868) in
this regard. However, Darwin’s theory was not essential for Hansemann’s theory,
perhaps because Hansemann relies so much on chromosomes for his mechanism
of genetic alteration, and these structures were not known in Darwin’s time.
Furthermore, the “new differentiation pathway” implied in “anaplasia” was not
related to any contemporaneous ideas of mechanisms of evolutionary change of
species. Nevertheless, the resistance to evolutionary ideas, especially mutability
of species, is possibly relevant to the fate of Hansemann’sideas. This is because, at
the same time and possibly as a result of this opposition to Darwinism, “somatic
cell mutation” was widely disbelieved for no conclusive reasons (chapter 6).

Altruism, “cellular altruism” and “biologistic sociology”

The fact that, under certain circumstances, individuals of a species will fight to
their own death for the good of the species (e.g. a female deer protecting its
fawn) was noted by the Ancients, but not perceived as having any particular
philosophical significance. The discoveries in the 1840s of the cellular nature of
larger living organisms, and the cooperative, and particularly self-sacrificing be-
haviour of the cells of tissues (e.g. epidermal cells being generated to die for the
protection of the “interior milieu”) in relation to the whole body, was greeted
with some interest. The discoveries were made at the same time as new social
arrangements involving cooperation of individuals for the benefit of “society”
were occurring in the industrialising European countries. Virchow, in particular,
saw some significance in this analogy (above). A new field of philosophy devel-
oped to explore social ideas to parallel the scientifically verified behaviour of
the cells. In the writings of some authors biological phenomena were used to
“justify”, or at least give added credibility to, the social ideas.

Perhaps the first relevant figure in this field was Auguste Comte?? (1798-1857)
whose major works were published during the period 1843-1862. He saw societies
as progressing through three stages: religious, metaphysical and scientific, the
last being “positive”. Later, Comte was largely concerned with developing a
“science of society” in the sense of an entirely secular system for analysis and
management of human societies. He invented the word “sociology”, and wrote
on the methodogy of sociology, the progress of human societies, the progress of
the intellect of the individual, and the hierarchy of the sciences. In later work
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he suggested a new system of management of society, based on a priestly class
of “sociologists” who would monitor and foster correct “positive” behaviour,
including “altruism” (a moral obligation of individuals to put the interests of
others before their own) among the citizenry.

Although Hansemann used “Altruism” in his work, he did not refer to Comte
or “positivism”.

Perhaps the major figure in later “biologistic sociology” was Herbert Spen-
cer? (1820-1903) to whom Hansemann does refer (Hansemann, 1912d). Initially
a “Radical” with ideas derived from the English philosophers Bentham and
J.S. Mill, Spencer’s thoughts gradually became influenced by Comte and more
centred on “social philosophy” (see above). Ultimately Spencer was attracted
mainly to Darwin’s theory of evolution by natural selection. Spencer used bi-
ological phenomena to support his views as “biologistic-sociological analogies”
which were a significant part of his nine-volume work “A System of Synthetic
Philosophy” (1862-93). Thus his phrase “survival of the fittest” was a use of Dar-
winism to support laissez faire government policies in the field of what are now
called “social services”.

Spencer? also used “differentiation” in relation to societies, and adopted
“altruism” from Comte (Cosner 1977). Spencer’s works were translated into
German (Spencer, 1875), so that von Hansemann probably obtained his ideas
from there.

Militarism and Junkertum

The Junkers, who were the land-owning class of north-eastern Germany and
particularly of Pomerania and East Prussia, dated from the early feudal period.
From the time of the Great Elector in the 17" century the Junker ethos evolved,
characterized by a strong sense of prerogative and obligation to the state in
the person of the King of Prussia, or later, the German Emperor. They had no
avenue of direct political influence as did both the English peerage (by automatic
membership of the House of Lords) and the English squire class (which could
contest elections for the House of Commons). The ethos of Junkertum therefore
tended to exaggerate (by the standards of English-speaking nationalities) some
feudal sentiments of patriotism, loyalty to the monarch, “personal honour”, and
noblesse oblige to the tenants and workers of the estates.

Although Prussia had been a militarised state from its inception (taken as
the inception of the programme of settlement of the southern Baltic shores by
the Teutonic Knights in the thirteenth century), the particular dominance of
the military over civilian life is particularly associated with the period after the
Revolution of 1848. The popularity of militarism was enormously enhanced by
the success of Prussia under Bismarck (1815-1898; Prussian Minister-President
1862-1870; Chancellor of the Second Empire (Reich), 1871-1890) in the three
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wars. The first was against Denmark (1864, after which Denmark lost Schleswig-
Holstein to Prussia), the second against Austria (1866) and the third against
France (1870-1, after which France lost Alsace and Lorraine to Germany).

For the German bourgeois intellectuals the failure of the 1848 revolution,
and the continuing exclusion of their social group from political power, led to
degrees of despair and resignation. After 1871, the ascendancy of Prussia over
the previously more liberal western German states was even more pronounced,
and this prolonged period of autocracy and rising illiberalism caused many of this
social group to emigrate (Hochstadt, 1999). Many went to the U.S.A. (especially
Chicago in this period),but others settled in the U.K. In Manchester for example,
there were a substantial number of Germans in the business class (Engels’ father
owned a factory in the city) and the “Halle Orchestra” (after Karl Halle, the first
conductor) was founded there by the same group. As another example, many
Germans migrated to South Australia, where they formed a large distinct group
until the First World War. Bourgeois Germans remaining in Germany tended to
withdraw into private, professional pursuits. Thus, in (1933) Thomas Mann wrote
of Richard Wagner:

“So he went the way of the bourgeoisie from failure, to resignation to non-involvement”.

All this is well known, but can be seen as context for three biomedical sidelights
on militarism in German society at the time.

First, after 1865, nationalism in Germany was such that a feeling of “German
Science” as opposed to “French-” or “English Science” had developed (Ack-
erknecht, 1953). This tendency led to increasing isolation of German intellectual
life, so that the Germans excluded themselves from the potential benefits of the
American bioscientific revolution (of 1890-1910, see Maienschein, 1986) espe-
cially in genetics (Bonner, 1963).

As a second example, Virchow’s involvement in politics was significant for
Germany. In the period when he was a bitter opponent of Bismarck (above)
Virchow wrote in a report of 1866 (Ackerknecht, 1953):

“It is clear that absolutism has been re-established in Prussia, and without the limitations it
imposed on itself before March 1848. There is no control of public finances, no budget law
anymore;instead of laws we have decrees; the control court (sic) is without subject; treasury
and property of the state are at the free disposal of the government.”

As a third example, Billroth (1924, p. 240) gave what must have been the then-
“standard” justification of militarism while trying to support government expen-
diture on medical science. He compared the costs of a medical school with those
of an infantry regiment. Having pointed out that the running costs of a medical
school are similar to those of an infantry regiment, Billroth goes on:

“By no means would I presume to criticise these (military) expenditures. I am so thoroughly
convinced of the high cultural value of compulsory service and of the importance of these
(military) institutions in the development and the maintenance of a spirit of national patri-
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otism, that no sacrifice seems too high to maintain these forces at their minimum strength.
Moreover, the money which is spent on them remains in circulation within the country and
millions of factory workers and artisans gain employment thereby. Without a strong, thor-
oughly trained army it is in our day not so easy to promote the progress of civilization in
the various states, and to maintain the present political and social order. For without the
restraint of the army, the ever-increasing clamour for individual rights and liberties would
soon lead to a reversion to primitive conditions in which the strong would be strengthened
and the weak enslaved.

My only object, as I have already pointed out, is to show by way of comparison that the
sacrifices which the state is called upon to make for the development of science are by no
means so great as they seem to be at first glance, if we compare them with other national
expenditures.”

Hansemann used, very briefly,a military analogy in one article (1891c), but there
is no evidence of any “militaristicthinking” in his works on cancer or philosophy.

Notes to chapter 2

1 Pliny the Younger (c63-113 AD) nephew of Pliny the Elder (a biologist), was of the senatorial
class in Ancient Rome, and became a lawyer, subsequently holding various civil and military
positions. He is renowned for his letters which were collected and have been preserved.

Reference: Sherwin-White (1967).

2 One looks in vain for methods of investigative science in Aristotle’s “Four Causes”, mainly be-
cause these “causes” are little more than “four considerations”. Thus “material cause” is compo-
sition, “formal cause” is plan, “efficient cause(s)” are the effector agents of all types and the “final
cause” is purpose (for which the plan was drawn up). This is little help in investigation of the
nature and aetiology of disease. For Aristotle, natural phenomena offered the most likely field
for useful contribution. His exhortations to further study were ignored for nearly two-thousand
years.

Reference: Gotthelf and Lennox (1987).

3 As part of the Reformation, invention of a “new”, non-Catholic science was attempted, especially
by Paracelsus, Van Helmont, Campanella, Glanvill, Glisson and Descartes (Pagel, 1953). Van Hel-
mont (1577-1644) in particular laced his writings with expressions of (Protestant) Christian con-
sciousness, together with the opinion that the teachings of Aristotele are “heathen”. His general
modes of thought, however, were very similar to those of the Ancient Graeco-Romans, evenif he
intended the works to be critical of those philosophers.The other type of anti-Aristotelianism was
based on a taste for evidence of fresh observation and experimental results to support hypotheses
in the areas of natural science, notable also in the countries affected by the Reformation. Particu-
lar scientists to note in this regard were Francis Bacon (1561-1626), William Harvey (1578-1657),
Robert Boyle (1627-1691),Isaac Newton (1643-1727).

References: Pagel (1944,1953,1982), Crowther (1960), Hall (1983), Vickers (1987).

4 Descartes (1596- 1650) believed in God and a soul, but maintained his early purpose of explaining
natural phenomena in terms of “mechanisms”. Descartes’ use of “animal spirits” is misleading,
because by this he meant physical events, later conceivable as analogous or equivalent to electrical
impulses, not Aristotelian “spirits” (Cottingham, 1993). Descartes’ mechanistic theory of tissue
formation was applied to tumour formation by the later French school, as is outlined in chapter 4.
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The Reformation may perhaps not be an entirely appropriate marker for the beginnings of a
German philosophy. The great medieval Mystics, Meister Eckhart (c.1260-1327), Heinrich Seuse
(Suso, 1295-1366) and Johannes Tauler (c.1300-1361) contributed a mystic strand, which was
vital to the mode of contemplation (Betrachtungsweise) for the Lutheran Reformation. Specif-
ically, they contributed to the development of the tendency to abstraction and inwardness (In-
nerlichkeit). A later contributor was Jacob Bohme (1575-1624), who was foremost among the
Silesian Pietist Mystics after the Reformation.

Christian Thomasius (1655-1724)was a lawyer and a professor of philosophy (in Leipzig and after
being proscribed there, as a Foundation Professor at the University of Halle). Initially he sought
to divorce natural law from theology. This was similar to Descartes’ purpose (see note 2 above).
Thomasius was opposed to prejudice, belief in superstitions, religious persecution, witch-hunts
and the use of torture.

Reference: Mauntner (1995), Audi (1999).

Caspar Wolff (1679-1754) Professor of Mathematics and Natural Science at the University of
Halle, conceived a system of philosophy based on a world-wisdom (Welt-Weisheit) as the means
to public enlightenment. For this reason he wrote in German, at least during his Halle years. His
democratic views expressed in essays such as in “German Theology” in 1724 caused Friedrich Wil-
helm I in Berlin to expel him from Prussia on threat of hanging. Of relevance to the over-inclusive
tendency of German philosophers (see main text, this chapter), his systematizing philosophy in-
tegrated different ideas from the philosophical tradition according to the model of mathematics.

Reference: Mauntner (1995), Audi (1999).

In his “Universal Natural History” Immanuel Kant (1724-1804) did indeed “out-Newton” Newton
in relation to “reason”. Newton thought that cosmic organization required the hand of God, and
that God regularly infuses nature with new motion to keep the world machine from running
down. Newton also accepted the notion of final causes as ways in which God makes himself
known. Kant eliminated God from the workings of the Universe. In Kant’s system, a principle
of nature streams outward in a wavefront of organization, generating worlds, biological systems
and finally Reason (human and otherwise).

Reference: Neiman (1994).

Johann Gottlieb Fichte (1762-1814) who was Professor of Philosophy at Jena (1794-1799) and
eventually (1810) at the University of Berlin, developed during the final decade of the eighteenth
century a radically revised and rigorously systematic version of transcendental idealism, which
he called Wissenschaftslehre.

Reference: Mauntner (1995), Audi (1999).

Georg Wilhelm Friedrich Hegel (1770-1831) who was one of the most influential of German
philosophers, made one of the last great attempts (following on from Aristotle, Aquinas, Spinoza,
Kant and others) to develop philosophy as an all-embracing scientific system. His system was
based on a “Philosophy of Spirit” and a “Science of Logic”. In our present context, we cannot
present the precise meanings of this, which would doubtless be “a field too far”/ein zu weites Feld
(Fontane, Effi Briest).

Reference: Kainz (1998).
Arthur Schopenhauer (1788-1860) believed that the world is not primarily a rational place, but
could be understood by the introspections of the sentient individual. He thus became a philoso-

pher of the late Romantic period. His “system” was outlined in “The World as Will and Idea”
(1819,2"d edn 1844).

Reference: Mann (1939).
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12 Richard Wagner (1813-1883, composer notably of music dramas, including the “Ring” tetralogy),

13

consciously attempted to assemble vast,comprehensive, multiform structures referred to as “The
Total Work of Art” (Gesamtkunstwerk).

Reference: Newman (1976).

Gotthold Ephraim Lessing (1729-1781) was a liberal, humanist publicist and playwright who was
the first German to earn his living by his pen. Only towards the end of his life did he accept
an official appointment as Court Librarian for the Duke of Braunschweig. Lessing took up the
disputative model of the Ancient Greeks (see below) as Streitkultur for the German “Age of
Reason”, but insisted on absolute self-control in argument and the avoidance of dogmatism. He
was comfortable with “flux” as an acceptable condition for unresolved issues. His particularly
careful, fair, honest and temperate mode of expression was to be ignored subsequently by the
Romantic philosophers (see below).

Reference: Mauser and Sasse (1993).

14 A preliminary feature of the German Romantic movement was the creation of a near-mythological

15
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17

history of the German Medieval period. This myth-making began in the eighteenth century espe-
cially with Johann Gottfried Herder (1744-1803), whoidentified an original national “folk spirit”
(Volksseele) with a “better” German past. Perhaps definitively, German Romanticism began in
the early 1770s with the Sturm und Drang movement (involving Goethe in early life, Schiller
and others). A progression from this is perhaps traceable in German cultural history through
Wagner to Freud. Sturm und Drang developed into a “movement” characterised by dramatised
heroics, emotional excess, lack of control, zealotry and abstraction. Individualism, ideas of infinite
personal potentialities, introspection, celebration of nature and mysticism are additional aspects
of the ethos of this movement.

References: Pascal (1954), Reinhard (1961), Taylor (1997).

Naturphilosophie is particularly associated with Friedrich Wilhelm Joseph von Schelling (1775-
1854) and to a lesser extent Georg Wilhelm Friedrich Hegel (1770-1831). This thread of German
idealism exhibited a search for an all-embracing “system” in which “Nature” — as an abstraction
of the body of facts which was accumulating from biology, geology and the physical sciences etc—
could be seen as being more than the sum of that which is objective. Because it amounted to
more than the objective facts, the system (if found) would thus have had a significance which
was not restricted to that which can be established about it in scientific terms. On the other
hand, “intelligence” was seen as the complex of all the activities making up self-consciousness —
these being denoted “transcendental” facts. According to Schelling, the philosophy of nature and
transcendental philosophy are the two complementary portions of philosophy as a whole.

Reference: Audi (1999), Pinkard (2002).

Charles Darwin (1809-1882), considered the most important biologist since Aristotle, grandson
of Erasmus Darwin (see below), studied at Cambridge and Edinburgh Universities, travelled on
the “Beagle” expedition (1831-1836) and published his “Origin of Species Based on Natural Se-
lection” (1859, with many subsequent editions). In severallater works he enhanced his argument
and reputation concerning the mechanisms of evolution. Darwin neither taught at nor held an
appointment in a University.

References: Browne (2002), Hodge and Radick (2003).
Erasmus Darwin (1731-1802) was a physician, medical and botanical author, poet; graduate of
Cambridge (St John’s) and the University of Edinburgh Medical School. His most famous work

is “Zoonomia” (1795) in which the great age of the Earth and the mutability of species were both
supported. His work was successfully attacked, mainly by William Paley in the latter’s “Natural
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Theology” (1803).The fate of “Zoonomia” probably contributed to the reluctance of his grandson
Charles to publish similar ideas without detailed supporting evidence.

References: Haber (1958), King-Hele (1963,1983).

Ernst Heinrich Philipp August Haeckel (1834-1919), b Potsdam, studied medicine under Miiller,
Virchow and Kélliker, graduating at Berlinin 1857. He took up zoology at Jena,and was appointed
to the Chair there in 1865. For an account of the high degree of his admiration for Darwin and
Darwinism, see Desmond and Moore (1992). Later, Haeckel’s ideas became more “philosoph-
ical”, arguing a fundamental unity of animate and inanimate matter (“Monism™). He rejected
conventional religious beliefs, but accepted “psychic” phenomena as valid, and believed all living
things to be susceptible to them.

Reference: Haeckel (1903), Bélsche (1906), Richardson and Keuck (2002).

Alfred Russell Wallace (1823-1913), b Usk, Monmouthshire U.K.,became a surveyor and school
teacher. From age 25, he joined naturalist expeditions to collect biological specimens in South
Anmerica and later the Malay Archipelago. By 1855 he had arrived at broadly the same conclusions
concerning the origins of species as had Charles Darwin. Wallace, like Darwin, lost faith in formal
religion as a result of his studies, but later became a spiritualist because he could not see how
evolution could explain aspects of human mental life, such as philosophical musings, artistic
feeling, and humour. Darwin disagreed with this, believing that evolution of these aspects can
occur by their effect of influencing sexual selection.

References: Wallace (1889), Raby (2001).

Thomas Henry Huxley (1825-1895),son of a teacher of mathematics in Ealing, London, studied
medicine (becoming a naval surgeon), while pursuing his interests in biology and zoology. At 26,
he was elected Fellow of the Royal Society for his work on invertebrates. A supporter of Darwin
from the start, he is famous for his defence of the theory of evolution against Samuel Wilberforce,
Bishop of Oxford at a Union Debate there in 1860. In later life he became concerned with ethics,
morals and evolution, inventing the word “agnosticism”. He is said to have strongly supported
the teaching of Christianity in schools, and resisted any fully “gladiatorial” theory of existence.

Reference: Barr (1997).

The Kulturkampf (the “conflict of cultures”) began with the “Catalogue of the Principal Errors
of Our Time”, published by Pope Pius IX in 1864, and was followed by the promulgation of the
Doctrine of Papal Infallibility in 1870. Bismarcksaw this as a threat to the secular basis of Prussian
government, and responded with various laws, including for the direct control of schools by the
government, the expulsion of Jesuits, state supervision of clergy and compulsory civil marriage
ceremonies. He was supported on this issue by Virchow (Schipperges, 1994). The issues involved
were still significant in Germany throughout Hansemann’s lifetime (see chapter 1) and beyond.

References: Taylor (1951), Ross (1998).

Isidore Marie Auguste Francois Xavier Comte (1798-1857), born Montpellier, France, studied
science and medicine, but ultimately became a secretary, writer and philosopher. Coser (1977)
stated that:

“Although Comte conceived of society by analogy with a biological organism, he was aware of
the difficulties that such analogical thinking brings in its wake. A biological organism is, so to
speak, encased in a skin and hence has material boundaries. The body social, however, cannot be
held together by physical mean, but only spiritual ties.”

Additional references: Marvin (1936), Bryant (1985), Pickering (1993).
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23 Herbert Spencer was son of a school teacher in Derby, England and became a journalist, political
writer and philosopher. Coser’s (1977, p. 90) general view of Spencer’s philosophy is:

“Itis axiomatic to Spencer that ultimately all aspects of the Universe, whether organic or inorganic,
social or nonsocial, are subject to the law of evolution. His sociological reflections concentrate,
however, on the parallels between organic and social evolution, between similarities in the struc-
ture and evolution of organic and social units. Biological analogies occupy a privileged position in
all of Spencer’s sociological reasoning, although he was moved to draw attention to the limitations
of such analogies.”

Spencer used “differentiation” for the increase in complexity of societies, such that individuals in
it divide labour (Coser, 1977 p. 92) as follows.

“As the parts of a social whole become more unlike and the roles individuals play become in
consequence more differentiated, their mutual dependence increases. ‘The consensus of functions
becomes closer as evolution advances. In low aggregates, both individual and social, the actions of
the parts are but little dependent on one another, whereas in developed aggregates of both kinds
that combination of actions which constitutes the life of the whole makes possible the component
actions which constitute the lives of the parts’ (original ref 16). It follows as a corollary that ‘where
parts are little differentiated they can readily perform one another’s functions, but where much
differentiated they can perform one another’s functions very imperfectly, or not at all.” (original
ref 17)”.

This was Hansemann’s view of normal and tumour cells.

Coser (1977) went on:

“The increasing mutual dependence of unlike parts in complex societies, and the vulnerability it
brings in its wake necessitate the emergence of a “regulating system” that controls the actions of
the parts and insures their coordination.”

Additional references: Peel (1971), Andreski (1972).
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Chapter 3

Aspects of biomedical science in the nineteenth century

Introduction

One of Hansemann’s major ideas was that the abnormalities of tumour cells are
the result of abnormalities in the inherited material of the cell, arising through
abnormalities in their chromosomes. This idea was original because before the
1870s, the chromosomes had not been discovered — because they could not be
seen. No optical apparatus existed for visualising anything much smaller than
about half an erythrocyte (magnification of 500 times). The nucleus was consid-
ered to be the probable repository of most of the hereditary material in the cell,
but little had been achieved in the understanding of nuclear division other than
to note that it necessarily accompanied cell division. Sub-nuclear detail, and es-
pecially the definite equality of distribution of nuclear material during nuclear
division, could not be appreciated.

Nevertheless, the ideas and theories concerning the biology of cancer which
had been derived during the pre-chromosomal period remained dominant
throughout Hansemann’s time and for several decades afterwards. This present
chapter first sketches the development of microscopy up to Hansemann’s time,
andin particular the invention of the techniques which allowed the chromosomes
to be studied. At the University of Berlin, Hansemann had the highest quality
equipment for his studies involving microscopy as soon as it became available.
Then we mention briefly the changes which these advances in microscopy made
to concepts of histology, embryology and genetics.

It should be noted that in the middle of the nineteenth century, physiology
and biochemistry underwent great development, especially under the influence
of two very notable Frenchmen. First, Claude Bernard (1813-1878) discovered —
among many other things — the glycogenic function of the liver, and hence that
the liver “internally secretes” glucose into the milieu interieur (which he named).
Second, Louis Pasteur (1822-1895) discovered — again among many things —
that fermentation is due to micro-organisms. Thus by this alone, Pasteur made
a great contribution to the discipline of metabolism. However, Virchow paid lit-
tle attention to Bernard — although his “Cellular Pathology” (1858) was “based
on physiological and pathological histology” — and ignored Pasteur, whose work
contradicted the essential element of Virchow’s philosophy of pathology (see be-
low and chapter 2). Hansemann was doubtless familiar with concepts of “internal
secretion” and “fermentation” from his undergraduate education, and acknowl-
edged Bernard in “Studies ...” (Hansemann, 1893c, original p. 53). No further
details are mentioned here of physiology and biochemistry, because the works
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of Hansemann, and of Virchow before him, were not further directly influenced
by them.

Microscopy

Successful microscopy using visible light depends on two things: (i) satisfactory
preparation of the object (usually as thin slices called “sections”) by processes of
fixation, hardening, embedding, sectioning, staining and mounting of the speci-
men, and (ii) the quality of the microscope which is used to examine the sections.
Microscopes comprise not only the main lenses but also the secondary optical
components for condensing and restricting the path of light through the object
and to the main lenses (substage condensers, diaphragms and oil immersion).

Attempts at fixation of biological specimens originally involved boiling or
application of acids and/or alcohol (Bracegirdle, 1978). Chromium trioxide was
used as a fixative from 1840 and was used by some authors for the study of chro-
mosomes in the 1870s. Mercuric chloride (“sublimat”) had been used by Blan-
chard as early as 1846, but only after 1878 did its use become widespread (Brace-
girdle,1978).“Sublimat” was Hansemann’s preferred tissue fixative (Hansemann
1893c¢), and is still recognised as an excellent fixative of chromatin.

Various means of holding fixed specimens firmly for sectioning had been used
since the beginnings of microscopy. However, paraffin embedding, as described
in 1869 by Klebs was much superior to other techniques and had become widely
used in the 1880s (Bracegirdle, 1978). Sectioning with microtomes has a history
dating from the eighteenth century, and by the 1880s various satisfactory mod-
els were sold by manufacturers in Germany, Britain and France, including (in
Germany) by the Zeiss, Reichert and Schiefferdecker companies (Bracegirdle,
1978).

Staining of histological sections had been attempted from the beginnings
of microscopy (Clark and Kasten, 1983). Raspail!, in the 1820s, used alcoholic
solutions of iodine, which was probably the best technique at that time (Weiner,
1968; Clark and Kasten, 1983), and was used by Lebert in the 1840s (Rather,
1978). Later carmine (from cochineal), safranin and indigo were popular stains
(Clark and Kasten, 1983), being used by authors such as Julius Arnold in the
1870s (see chapter 4).

Haematoxylin (produced from aqueous extracts of logwood by subsequent
ether extraction) and eosin (an aniline dye) were introduced in the 1860s and by
the 1880s had become popular general stains for nuclei and cytoplasm respec-
tively. However, even up to the twentieth century, there was little standardisation
of preparations of haematoxylin, so that some variability of results did occur
from laboratory to laboratory (Clark and Kasten, 1983).

Various mounting media (the transparent substance applied between the
specimen or section and the coverslip of a microscopic slide) had been used
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for over a century. Canada balsam, which has a refractive index similar to that of
the glass used for lenses and microscopic slides, was introduced for this purpose
in 1832 (Bracegirdle, 1978). Various immersion liquids (which are used to fill the
space between the specimen/coverslip and the objective lens) had been used by
Robert Hooke (Gunther, 1961), but the specific iso-refractory oil now in use was
only introduced in the 1870s by Abbe at the Zeiss company (Bradbury, 1967).

The story of the development of microscopes has been well-told elsewhere
(Carpenter, 1891; Bradbury, 1967) and will be only summarised here. Briefly, the
first magnifying instruments were made in the late seventeenth century with sim-
ple crude single glass-lenses. Their magnification depended on the quality of the
lens-making, but was rarely better than 50X. In the 1830s, the first “achromatic”
lenses (two or more crown- and flint glasses together) were made, allowing mag-
nifications of 200-300X. The “apoachromatic” (“away from colour”) lenses were
invented by Abbe at the Zeiss works and consisted of various composites of new
glass types which included especially borate glass. These, with oil immersion, give
magnifications of approximately 1000X.

Hansemann does not state the manufacturer of the oil-immersion oil which
he used. Nor does he state the manufacturer of his microscope. However, his
microscope was fitted with apoachromatic Zeiss lenses although the date of
their manufacture is not given. Hansemann’s photomicrographic equipment in-
volved a Zeiss model. In “Studies ...” (1893c, chapter 11) he mentioned that he
had shown his micrographs at a scientific meeting. These may well be the first
photomicrographs of mitotic figures shown in public. Nevertheless, photomicro-
graphy itself was not new. Among the first photomicrographs of any type were
probably those of Donné in Paris, who pioneered the use of prints of Daguer-
rotype micrographs for teaching purposes (La Berge, 1994). Oskar Israel (note'*
of chapter 1) is mentioned by Dhom (2001) as being particularly competent in
photomicrography.

Thus Hansemann possessed all the latest technical developments in all fields
of light microscopy which were available. These have not changed in principle
to the present day.

Normal histology

The structure of multicellular organisms was discussed by the Ancients, but lit-
tle attention was paid to the actual structure of organs until the seventeenth
century?. A small number of microscopists, working independently of each other,
especially Malpighi (1628-1694), Leeuwenhoek (1632-1723) and Swammerdam
(1637-1680), identified erythrocytes, white blood cells, cells in lymph, “fibres” of
muscle, as well as specific structures including spermatozoa, but with little under-
standing of their functions (Nordenskiold, 1928; Cameron, 1952; Hughes, 1959;
Harris, 1999). Especially after the discovery of the circulation of the blood by
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Harvey, there was a decline in the influence of the Galenic “humouralist” theory
of disease, which considered all diseases as due to imbalances of diffusely-spread
“humours” and thus implied that local circumstances might have little to do with
these conditions. The trend to consider local causes of disease was promoted by
the study of clinico-pathological correlation, emphasised most notably by Mor-
gagni (1682-1771). Nevertheless,evenin the late eighteenth century, the relative
significance of “fibres”,“globules” and “accretions” in the tissues of multicellular
organisms was unclear, so that anatomists could still ignore the existence of these
structures more or less completely. In France, Bichat® (1771-1802) introduced
the classification of the tissues (such “textures” of the organs which could be iden-
tified with the naked eye, together with a little simple mechanical and chemical
testing) with little use of microscopy. After the invention of effective achromatic
lenses (late 1830s), the primary physiological significance of cells in the body be-
came evident,and was propounded as the “Cell Theory” by Schwann (1810-1882)
and Schleiden (1804-1881) (see Cameron, 1952; Hughes, 1959; Harris, 1999). The
primary concept of the “Cell Theory” as elaborated by Schwann and Schleiden
was not just that cells exist, but also that they are the metabolic units of the body.
Its corollary was that metabolic changes do not occur to any significant extent in
the intercellular space (i.e. between cells). Therefore, an appropriate slogan for
the Cell Theory as it was originally expounded, and which would be consistent
with other slogans for biology at the time (see below), could be

“omnes metabolica per cellulae” (“all metabolism through cells™).

After the acceptance of the primacy of the cell in the lives of organisms, a ma-
jor debate began concerning the origin of cells. Schwann, Schleiden and Miiller
thought that cells precipitate from suitably-altered intercellular material, which
they called “blastema” (Rather, 1972; Rather et al, 1986). In fact, Raspail! had
noted in 1825 that vegetable cells reproduce themselves,and invented the phrase
“omnis cellula e cellula”. His work, however, was largely ignored. In effect, by
the early 1840s, the situation was as described by Lonsdale (1868):

“Granted cells and their membranes, cytoplasm, nuclei and nucleoli, what then?”

The next step was provided by John Goodsir* who noted that some animal tissues
are made up of specific cell types, which reproduce themselves within anatomi-
cally specific sites. Because all growth of tissues at that time was thought to be
controlled by the supply of nutrition, he called these cell-forming sites “nutri-
tive foci”. Goodsir’s second blow to the “precipitation theories” of cell growth
or formation was that bone forms by the actions of local cells. This idea — that
cells control what happens in the immediate environment and can even cause
solid materials (even bone matrix) to precipitate around themselves (see also
below) — was a considerable departure from the previous idea, which was that
cells precipitate out of the intercellular material.
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Virchow’s “Cellular Pathology” — an analysis

Other histologists, such as Kolliker and Henle, made further contributions to
the microscopic study of the tissues. By the time Kolliker’s text appeared (1846)
it was clear that each whole multicellular organism consists of a “cooperative”
mass of mutually supportive and self-renewing tissues, and that many tissues
consist of cells which change their morphological features while undergoing
“differentiation” in the sense of specialisation.

Virchow’s “Cellular Pathology” — an analysis

Views on the philosophical essence (Wesen) of Virchow’s “Cellular Pathology”
are mentioned in chapter 2. The following is an analysis of “Cellular Pathology”
in the context of the anatomical and pathological knowledge of the 1850s (see
also Malkin, 1990; Wagner, 1999).

There were probably two paramount issues relevant to Virchow’s biomedical
thinking at the time. First, the “Cell Theory” of Schwann and Schleiden (pub-
lished in 1839) implied that all metabolism occurs in living cells (above). Another
relevantissue was the view of Rokitansky and the Viennese School that disease is
the result of blood-borne disturbances (“neohumoralism” according to Virchow)
affecting local parts of the body.

Virchow’s contribution was to realise that, if the metabolism of the cells in
a tissue is responsible for the normal function of the part, then disturbances of
the metabolism of the same cells (that is, the cells at the local site) are probably
responsible for the manifestations of the disease. As noted in chapter 2, Virchow
went even further: he declared that the “harmonious mutual support of local
tissue types” is the essence of health, and that loss of such “harmony” is the
cause of disease. Probably because of his strident opposition (Streitkultur!) to
Rokitansky, Virchow adopted the incorrect opinion that all diseases are caused
by local factors, and that circulating disease-causing agents are impossible.

This opinion that the metabolism of the local cells is all-important in the
causation of disease occurred at precisely the same time (mid 1850s) at which
Virchow was “converted” from his earlier faith in the “blastema” theory of the
spontaneous generation of cells to the idea that each cell only arises from another
cell (Wolff, 1907; Long, 1958; Weiner, 1968; Rather, 1971, 1978; Schmeidebach,
1990; Malkin, 1990; Wolpert, 1995; Harris, 1995,1999).

Virchow then used the slogan of that idea (“omnis cellula e cellula”) to pop-
ularise his concept of “Cellular Pathology” (Rather, 1971; 1978; Schipperges,
1994). While the slogan could encompass his anti-Rokitansky/anti-neohumoural
view that disease comes from circulating agents in the body, it was nevertheless
an imprecise and imperfect summary of Virchow’s contribution. Virchow’s sig-
nificant idea — being that all diseases are caused by disturbances of local, fixed
living cells —is not appropriately indicated by “omnis cellula e cellula” but is sum-
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marised by “omnes rera pathologica per cellulae locis” (“all things pathological
through local cells”).

Virchow and the origin and lineage fidelity (an aspect of “specificity’’) of cells

After the identification of cells as the metabolic units of the body, and the ac-
ceptance of the idea that cells beget themselves, a major issue in biology and
pathology became the degree to which cell types can change their form, espe-
cially in adult life. Because Hansemann discussed this as a component of his
over-arching concept of “specificity” of cells (1893c), Virchow’s ideas on this
subject are relevant here.

In “Cellular Pathology” (1858), Virchow called these changes “histological
substitution” and believed them to be common events in normal tissues. Later he
divided the phenomenon into “metaplasia” and “cellular adaptation” (Virchow,
1870;1884; Adami, 1908; Bignold, 2005), but still considered them common and
important. The contrary view was proposed by Remak, Bard and others, and
finally expressed (after a vast effort in the study of the “pedigrees” of cell lay-
ers —see Hertwig, 1890; Rather, 1978) as “omunis cellula e cellula ejustum generis”
(“each cell from a cell like itself”). This concept was developed to its most ex-
treme and detailed form by Bard, who supposed that the germ layers are not
simply the original tissues of the organs, but are complex structures in which
particular parts of each are destined to provide the various organs which derive
from them (e.g. the breasts from ectoderm, and the liver from endoderm) from
very early in the development of the embryo — see below. This “specificity of
the cellular elements” (see Rather, 1978, pp 176-8) was vital to Hansemann’s
concept that “specificity” is one general aspect of the nature of cancer, and in-
deed (we suggest) one concept of the triad of concepts in his “system of cancer”
(chapter 5).

Embryology

The nature of sexual fertilization and the question of how adult organisms form
from eggs (especially chicks from hens’ eggs) was addressed by the Ancients
and by Aristotle in particular (Needham, 1934; Gasking, 1967; Oppenheimer,
1967; Farley, 1982; Horder et al., 1980; Churchill, 1991). Progress was slow un-
til the eighteenth century and the overthrow of the so-called “preformationist”
theories (Gilbert, 1994). This left the alternative view (the “developmentalist”
theory’) dominant. Thus, the fact that formation of adults from eggs depends
on “differentiation” of less differentiated structures to more differentiated ones
during embryonic development was established by the work of early embryolo-
gists,including Caspar Wolff (1733—1794) and Oken (1779-1851). Even Goethe®
(1749-1832) expressed views along these lines. However, it was Pander and inde-
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pendently von Baer” who identified the precise phases through which embryos
pass to develop into adults forms and also identified the development of organs
from “germ layers” (ectoderm, mesoderm and endoderm). Von Baer (1827), who
had already provided the first description of an egg in a mammal, also noted that
there are relationships between the type and grade of development, and the
taxonomic position of the species to which the embryo belongs (see Churchill,
1991). As well as leading to the ideas of Bard (above and chapter 4) this became
a starting point for the role of embryological data in the debates which were to
follow concerning evolution (see chapter 2 and Ospovat, 1981).

Through the subsequent nineteenth century, the following additional ad-
vances of observation and interpretation in embryology (Oppenheimer, 1967)
were made: (i) that the egg is a single cell, by Schwann in 1839; (ii) that sperma-
tozoa are cells of the organism arising in the testis (and thus are not parasites,
as von Baer had thought), by Kolliker in 1841; (iii) that fertilisation is associated
with a sperm entering the egg, by Martin Barry in 1843 (Farley, 1982) and (iv)
that the processes of germ layer formation and gastrulation are common to all
animal phyla, by Kowalevskiin 1867. At the time Hansemann produced his the-
ory of “anaplasia”, the manner of production of gametes, especially of the egg by
the ovary was under active consideration.The “polar bodies” had been identified
as early as 1848 (Hertwig, 1890), but their significance was still unclear. For the
details of this, see the excellent historical sections in the relevant chapters of
Hertwig (1890) and the references cited above.

Another particularly important issue of embryology was the mechanism of
the regulation of the growth of tissues and parts of the body. Since Descartes
in the seventeenth century (see chapter 4), growth had been considered to be
controlled by the delivery of nutrients, and hence in turn, under the control of
the vascular system. In the nineteenth century, growth was being seen in terms of
the balance of opposite metabolic processes viz:- “anabolism” and “catabolism”.
In 1866, Haeckel (see chapter 2) had used the word “anaplasia” for the growing
phases of life (ana = upwards, plasia = “fit for moulding” — Wolff, 1907), and
“cataplasia” was for the older age characterised by retrogression. “Anaplastic
substances” had a meaning of “adding to a formation”, and therefore “ana-" was
being used in the same way as it is used in the modern word “anabolic”.

Finally, experimental embryology was introduced as a new approach to em-
bryological research by Wilhelm Roux® (1850-1924). A good overview of the
intentions of Roux can be identified in a translation of his introduction to the
Archiv fiir Entwicklungsmechanik des Organismus which is included in Maien-
schein (1986).The effort of these biologists was concerned to explore the mecha-
nisms of embryological development (Entwicklungsmechanik), rather than just
document the phenomena of normal development.The methods of Roux’s exper-
iments were crude, and the significance of the results and Roux’s interpretations
of them were rightly considered with some scepticism (see Baltzer, 1967; and
chapter 4).
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Hansemann based his main theory on the process of “differentiation” (see
chapter 4) and hence was interested in its relation to all these topics, especially in
relation to the experimental embryological results of Roux (above). Hansemann
was also concerned with cell function and, to a lesser degree, with the formation
of eggs. However, he was not particularly concerned with germ layer theory
except in the context of his general concept of “Specificity”.

Genetics — general considerations

Because Hansemann was proposing that normal cells become cancer cells be-
cause of a primary alteration in their hereditary material, we shall discuss here
the various concepts of heredity as they were then understood. The era is well
described in various books (Wilson, 1924; Dunn, 1962; Allen, 1978; Farley 1982;
Harris, 1995; Carlson, 2004), but the main points of the matter are so central to
understanding von Hansemann’s opus that they are reviewed here.

There are four circumstances in living things in which transfer of heredity is
relevant. The circumstances are:

(i) in the context of the continuity of characteristics of a species (ancestral
heredity);

(ii) during sexual reproduction, during which the degree of influence of each
parent on the phenotypic features of the offspring is determined;

(iii) during embryological development, when cells deriving from the zygote
give rise to progressively more and more specialised cell types (see also
“differentiation”);

(iv) in the tissues of the adult, where the “germinative cells” (now known as
“stem cells”) of any particular cell type reproduce (usually) only daughter
cells of the same particular cell type.

In all of this, Hansemann was among the first to discuss the roles of mitoses and
these hereditary processes in pathological lesions. However, in his various works
he did not state whether or not he considered that the same mechanisms underlie
them all.

Heredity at the level of the whole individual (ancestral heredity)

Heredity at this level was discussed by the Ancients including Aristotle, although
because spontaneous generation of life was accepted as well at the time, there
was little of significance in these discussions (Dunn, 1962). With the recognition
of “omnis cellula e cellula” (marking the overthrow of theories of spontaneous
generation of cells — see above), a question arose as to why some features (e.g.
gender) of children are inherited entirely from one parent but not the other,
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while other features such as the skin colour of a child appear to result from
contributions of both parents. Considering only the rational theories which were
current at the time, it can be noted that before the era of Cell Theory, Maupertuis’
had suggested that each organ contributed one or more “particles” to the sperm
and/or ovum, and that the amalgamation of these masses led to the beginning of
the formation of the embryo. In the nineteenth century, the idea that all parts of
the body contribute to the hereditary material of the individual, i.e. to either the
egg or “seminal material” during adult life, was in accord with the Lamarckian
notion that traits acquired by the individual during adult life can be transmitted
to offspring!’.

The three major nineteenth century authors on this topic before von Hanse-
mann used essentially the same idea in principle: Charles Darwin (1868) as
“gemmules™!, August Weismann (1892) as “plasmas” and Négeli (1884) as “ids”.

In contrast to Darwin (whose ideas on the mechanism of ancestral heredity
were Lamarckian), Weismann made the major contribution by pointing out that
the “drawing of units from all parts of the adult body to the gamete” is unlikely
(Allen, 1975; Farley, 1982). In a famous experiment, Weismann showed that the
offspring of mice which have had their tails amputated before mating, have tails.
Thus he suggested that the “gemmules” etc for the tails of the offspring must be
coming from a site other than the parents’ tails. He proposed that a separate line
of cells (in the “germ plasm”) must be present in the body which preserved all the
hereditary units (“plasmas”) for packaging in gametes. In human embryology,
this separate line was obviously the gonadal precursor cells which develop in the
retroperitoneum of the embryo in about the sixth week after fertilisation.

Heredity material in sexual reproduction

By Hansemann’s time, the nature of the egg and sperm as gametes was estab-
lished (see “embryology” above), and the fact that fertilisation involves only one
sperm entering an egg had been established (see above). However, exactly what
happens to the chromosomes during the production of the gametes was unclear
at that time. Generally, in 1890, the cell divisions in the gametes were not fully
recognised as different from those of ordinary cell replication. The term “meio-
sis” lay in the future. Furthermore, whether or not all species used the same
mechanisms for production of gametes was unclear. The topic is well covered in
Gasking (1967) and Farley (1982) and there are several valuable original essays
from the period in Maienschein (1986).

Cellular heredity in embryonic development

Even with simple microscopes, it was clear that embryonic cells undergo strik-
ingly regular changes in type (i.e.one of the forms of “differentiation”,see below).
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For example, Miiller (1840) fully illustrated subdivision of the zygote (i.e.blastula
formation) in the frog. Having established that these changes occur (see section
on histology, above) the question became: how is it that particular daughter cells
in the embryo proceed by an unfailingly regular process to only specific types of
“more differentiated” cells according to the part of the adult body in which the
whole process occurs?

Microscopy with the new (apoachromatic) microscopes in the late 1880s al-
lowed the replication of chromosomes and their subsequent movementsin these
cells to be studied. However, a controversy arose concerning to what degree
equality of distribution of chromosomes occurs during this embryonic develop-
mental change of cell types. Weismann (see above) suggested that the changes in
cell functions are associated with loss of hereditary material (the “quantitative”
theory). On the other hand, Hertwig (see above) considered that it involved al-
terations in the functional status (equivalent to the current term “gene activity
status”) of the hereditary units (Farley, 1982).

The field of experimental embryology was of considerable importance to
Hansemann, because potentially it provided data concerning the mechanism
of differentiation in relation to cellular genetics in embryos. But the results
available at the time were not satisfactory (see above).

Thus Hansemann formulated his theory at just the time when the major issue
of the mechanism of the functions of chromosomes (number versus activity sta-
tus) was in flux. Worth noting here is that Hansemann (1893c) considered that
cells replicate their chromosomes after nuclear division, not before (chapter 11).

Heredity in cell populations which turn over in adults

The existence of a regular turnover of cells in normal tissues was suggested by
Goodsir® (1843, 1868) (see above) and accepted by Virchow (see above), but
the achromatic lenses which were the best available at the time could not reveal
mitoses at all. Because of this, all the details of the site of the proliferation of the
local stem cells could not be established with certainty. As a result, the degree
to which cell types turn over in normal adult tissues, and the mechanism of the
turnover, was a very controversial in the early phase of Hansemann'’s career.
Hansemannin fact spent considerable time on thisissue from the beginning of
his career, by studying the origin of cells of the human epidermis [and published
in his contribution to the Festschrift for Virchow by his Professional Assistants
(Assistenten), Hansemann, 1891h]. As will be described more fully in chapter 5,
Hansemann found that the occurrence of mitoses in the lower layers of the epi-
dermis is consistent with basal production of new cells which then mature as
they rise to the surface. Hansemann believed Weismann’s theory of quantitative
reduction of chromosomal material as the basis of embryonic differentiation,
but apparently never found proof of this (either as loss of chromosomal material
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from dividing basal-layer cells, or as asymmetric division) in his studies of nor-
mal human epidermis. Thus Hansemann referred to the issue only briefly in his
papers, and seems to have considered that the mechanism of “tissue differentia-
tion” might be via variable influences of “main plasmas” and “auxiliary plasmas”
(Hauptplasmen and Nebenplasmen) (chapter 5).

We can note that the current general classification of cell types in adults into
“labile”,“stable” and “permanent” was made by Bizzozero (1894). However, the
mechanism of how a local stem cell divides such that one daughter cell continues
as a stem cell, and the other goes on to specialise (for example, one daughter cell
of basal epidermal cell continues as a basal cell, while the other matures into a
keratinocyte in epidermis) has still not been solved today.

Applications of the word “differentiation”

Hansemann described the changes of tumour cells in comparison with the mother
cells in terms of “loss of differentiation” or “de-differentiation” (Entdifferen-
zierung).In all his papers, Hansemann did not define exactly his use of the word,
although he used “differentiation” inreferring to the same phenomena to which
the term is applied today. Here, therefore, we will consider all five phenomena
to which the term “differentiation” had been applied by the time Hansemann
formulated his theory. Further, we will discuss the “capacity for independent ex-
istence” of various types of cells, and the “survivability after transplantation” of
cells, and tumour cells in particular. This is because Hansemann discussed both
issues at the same time, and he may have included both of them among his usages
of “differentiation”. In general though, it seems probable that Hansemann was
using “differentiation” as a convenient generalisation, rather than for one of the
various specific processes which he mentioned in his first paper (1890a).

First of all, many of the nineteenth century biological research workers were
probably familiar with the term “differentia” (similar in meaning to the mod-
ern use of “criteria”) as it was used by Ancient Greek philosophers, especially
Aristotle, in theories of Categorisation'?,

By the end of the nineteenth century, the term was used in relation to five
separate biological issues:

(i) the process by which embryonic cells change into adult cells (e.g. by von
Baer, see above).

(ii) the process of change which the daughter cells of basal cells undergo in
their progress into specialised cells. For example, the division of each basal
cell results in a continuing basal cell, and a daughter cell which progresses
(after what are now called “amplifying” divisions — Alison et al, 2002) to
keratinocytes of the epidermis (see Hansemann, 1891; and above). In both
cases, the word was used both for the fact that differences between two
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things are present, and also for the process during which, and also by which,
the differences are achieved.

(iii) With the formalisation of evolutionary theory in the mid-nineteenth cen-

(iv)
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tury, “differentiation” was used in reference to the changes which may occur
in whole species,and more particularly, for the process by which populations
of more “primitive” species might be the source of populations of “higher”
species. This is essentially the process of mutability of species being applied
to the transition from less complex to more complex types.

Charles Darwin defined “differentiation” in the glossary in the “Origin of
Species ...”, 6 edition (1872) according to embryological-evolutionary
phenomena:

“The separation or discrimination of parts or organs which in simpler forms of life are
more or less united.”

From the following passage on p. 156 of the “Origin of Species....”, it is clear
that for Darwin, “differentiation” is part of evolution:

“... for in a district where many species of a genus are found — that is, where there has
been much former variation and differentiation, or where the manufactory of new
specific forms has been actively at work —in that district and amongst these species,
we now find, on an average, most varieties”.

“Differentiation” was applied in experimental pathological studies of re-
generation of injured cells and tissues. The fact that various “lower” animals
can regenerate their body parts had been noted by Aristotle, and various
experiments on a macroscopic level had been conducted through the cen-
turies. After the beginnings of histology, regeneration of tissues was investi-
gated by microscopy (e.g. Miiller, 1840). By Hansemann’s time, the cellular
events, and in particular the role of mitoses in these changes, were only
just being investigated with the new microscopic techniques. English lan-
guage summaries of the understanding of regeneration at the time can be
found especially in Morgan (1901), in an article by Morgan republished in
Maienschein (1986) and in chapter XII of Adami (1908).

Another group of pathological situations in which “differentiation” was con-
sidered to be relevant was that in which the type of cell normally found at a
site altered to one of a cell type normally found at another site in the body.
Virchow identified this as “histological substitution” in the second edition
of the “Cellular Pathology” (1858), but by the fourth edition (1870, see also
Virchow, 1884) he had realised that such changes of cells include two phe-
nomena. The first of these arises simply by external factors acting on other-
wise unchanged cells. This Virchow called “adaptation” (see chapter IX of
Adami, 1908). In the second type of change, there was a change in the type
of functional specialisation of the cells, for example, from mucus-producing
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glandular cells to keratin-producing squamous cells. Virchow, and those who
followed, considered that for this change to happen, the local cells must un-
dergo a “de-differentiation”, and then a “re-differentiation” along another
line of development to the new type of adult cell. Hansemann addressed
this issue particularly when using “de-differentiation” (Entdifferenzierung),
although he generally down-played the phenomenon of metaplasia (see
chapter 11).

“Capacity for independent existence”; in normal, pathological and
experimental studies

In Hansemann’s writings, he discusses “capacity of cells for independent exis-
tence” in a variety of circumstances. This issue was not a major one in the biology
of the time, and its relationship to “differentiation” was not widely considered
except in Hansemann’s writings. The mention of “capacity for independent ex-
istence” by Langenbeck in 1840 (Rather, 1975) is discussed in chapters 4 and 5.

Here, we can note briefly that in Hansemann’s thinking, “capacity for inde-
pendent existence” encompassed four phenomena, two of which relate to normal
processes and two are relevant to apparently separate aspects of cancer biology.

(1) In normal biology, the ripe egg (i.e. at the end of the process of oogenesis)
is capable of existing in the Fallopian tube, which the oogonium is not. Thus
the egg has acquired through oogenesis a greater capacity for independent
existence in comparison with the oogonium.

(i) Innormal biology,individual cells of the early blastula (according to species)
can, when separated from the blastula, develop into whole individuals,
whereas the individual cells of later-stage blastulae cannot, and die. The
later blastula cells have therefore lost a capacity for independent existence.

(iii) Cancer cells from a site can grow in remote parts of the body (i.e as in
the process of metastasis — see next chapter), whilst the “normal mother
cells” from which the tumour cells arise are not able to grow in these distant
locations. In this situation, the tumour cells appear to have acquired an
increased capacity for independent existence at the remote site compared
to the normal cell type from which they arose.

(iv) Cancer cells can grow in the tissues of another member of the same species
of animal (now: “homologous grafting”), whereas normal cells from the
original donor of the tumour cells cannot. This was seen to be further con-
firmation of the phenomenon of “increased capacity for independent exis-
tence”.

In “Studies ...” (1893c) Hansemann included reference to the experiments of
Roux’ (see above) concerning the exact stage of embryonic development at
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which the capacity to form a complete, normal foetus is lost (see Allen, 1975).
Hansemann clearly saw this as relevant to the process by which cells lose capacity
for independent existence and gain increased functional specialisation. Because
this combination of changes is characteristic of embryonic “differentiation”, itis
not surprising that Hansemann’s proposal that the tumourous change which he
called “anaplasia” was often confused with Fol’s theory of embryonic reversion.
For discussion of this problem in relation to Hansemann'’s theory of cancer see
chapters 5 and 6.

Notes to chapter 3

1
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Frangois-Vincent Raspail (1794-1878) worked in Paris. He received little formal University ed-
ucation, and in his early career, was a largely self-taught botanist and plant physiologist. He was
the first histochemist,and described his techniques and coined the phrase “omnis cellula e cellula”
in a paper in 1825. In 1828, Raspail described the mite responsible for scabies. In the 1830s, he
was gaoled by the government of Louis-Philippe for his anti-Monarchist activities. Later he took
up issues in medical care, without any formal medical education. His “Health Annual”, 1845 (a
simplified version of his “History of Health”,1843) was very successful. In it, he advocated utter
cleanliness and the use of an antiseptic (a camphor oil-alcohol mixture) for the treatment of
wounds, thus predating Semmelweiss, Pasteur and Lister by many years. His radical republican
political activities inhibited public recognition of his efforts until the end of monarchism in France
in 1871.

Reference: Weiner (1968).

For an account of the development of ideas regarding the structure of tissues, dating from Aris-
totle’s “homoeomerous parts” to Bichat’s “membranes and tissues” see Forrester (1994).

Xavier Bichat, although not using any microscope, divided tissues (which he called “membranes™)
into twenty-one categories in his “General Anatomy” (1801). He included a short section on
pathology in his “Treatise on Membranes” (1800).

John Goodsir (1814-1867), Professor of Anatomy (1846-1867) at the University of Edinburgh.
This author wrote several essays on a variety of human and comparative anatomical topics, in-
cluding “Microscopical Observations” (1843). He is celebrated for being the person to whom
Virchow dedicated his “Cellular Pathology” (1858). Lonsdale, the author of the biographical sec-
tion in Goodsir’s collected works (“Anatomical Memoirs™, 1868) points out that Virchow makes
scant reference to any of Goodsir’s work in the text of the great work. However, that is perhaps
a little unfair, since Virchow had already given Goodsir great credit in an article on parenchy-
matous inflammation (Virchow, 1852). Certainly, Goodsir’s observation that cells of some tissues
“turn over” in a controlled fashion is a major support of the concept of “omnis cellula e cellula”.
The consequence of this observation was to raise the issues that the reproduction of cells is not
only controlled as to number, but also as to the specific type of the tissue to maintain the function
of the tissue. This set the stage for the still-unsolved issue of local tissue lineage fidelity: or how
does a particular basal cell only reproduce the right type of specialised cell.

Goodsir made yet another observation of particular relevance to Virchow’s thinking. It was that
the extracellular material is made by cells, and especially that osteoid is made by bone cells.
Virchow used the “model” of the healing of fractures as the major observation in support of his
generalisation that “connective tissue cells” can inter-convert with epithelial cells,and thence that
carcinomas come from connective tissue cells, not epithelial cells. The tumour aspect of this part
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of Virchow’s thought is further developed in chapter 4. This twofold debt to Goodsir is a possible
explanation for the fact that Virchow dedicated “Cellular Pathology ...” to this author (see also
Rather, 1971).

References: Goodsir (1845,1868), Cameron (1952), Jacyna (1983).

5 The debate concerning preformationists versus developmentalists virtually ended with the real-
isation of the great age of the earth. How millions of generations of individuals could be “pre-
formed” for the millions of years of life on earth was unaccountable by preformationist ideas.
Gasking (1968) points out that the very often-reproduced drawing of a speculative “homunuclus”
by Dalenpatius in 1699 was disbelieved by most of his contemporaries. The microscopes of the
day could not have given the necessary resolution for anyone to see such details in a sperm head.

6 Johann Wolfgang von Goethe (1749-1832), Germany’s most famous littérateur, was also a scientist
involved particularly in chemistry, geology and biology. His ideas on evolution were published in
an essay “The Metamorphosis of Plants” in 1790.

7 Karl Ernst von Baer (1792-1876) b Piep, Estonia, graduated in medicine from the University of
Dorpat in 1814, but then pursued a career in zoology, studying in Germany, Austria, working at
the University of Konigsberg, where most of his work in embryology was done (1817-1834) and
then St Petersburg (1835-1862).

Reference: Gilbert (2003).

8 Wilhelm Roux (1850-1924) trained under Haeckel in Jena and later was professor of anatomy
(1895-1921) at Halle. His most famous experiment, supposedly showing that the first-stage blas-
tomere cannot develop into a normal individual, was flawed because his method of destroying the
second blastomere (with a hot wire) damaged the first. Virchow had previously pointed out that
in humans, the existence of identical twins meant that both blastomeres, after the first division of
the zygote, must be able to develop into a full, normal individual (cited by Hansemann).

References: Allen (1978), Farley (1982), Maienschein (1991).

9 Pierre-Louis Moreau de Maupertuis (1698-1759), mathematician and physicist with interests in
physical geography and biology, was made Fellow of the Royal Society (1728), Director of the
Académie Francaise (1743) and then President of the Berlin Academy (1746-1753, courtesy of the
“westernising” activities of Frederick the Great). Maupertuis’ suggestion concerning “particulate”
hereditary factors was contained in a work Systéme de la Nature, published in 1751, in which he
documented hereditary polydactyly in a family in Berlin.

Reference: Glass et al. (1959), Sandler (1983).
10 Jean Baptiste Lamarck (1744-1829), biologist, believed until about 1800 that species are im-
mutable. However,in 1809 he published Zoologie Philosophique,in which he accepted mutability

of species, and proposed that the changes occur because alterations which parental individuals
undergo during their adult lifetimes can be transmitted to their offspring.

References to Darwin’s Lamarckianism are given in Paul (2003) but there are many related
insights in other chapters of Hodge and Radick (2003).

Additional references: Packard (1901), Corsi (1998).

11 Darwin introduced the idea of “gemmules” in his “Variation of Plants and Animals under Domes-
tication” (1868). The word “gemma” = a bud (which develops by asexual reproduction) was used
by Miiller in his “Elements of Physiology” (1840),so that gemmules were meant as “budlets”.

12 For Aristotle on the Categories, see entries in Organ (1949).
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Chapter 4

Theories of tumours prior to Hansemann

Introduction

This chapter deals only with theories of tumours related to Hansemann’s opus.
Other theories popular at the time,such as that local parasites or microorganisms
stimulate local cells to behave in tumourous fashion — von Leyden, Blumenthal
etc — are not mentioned. For these theories, readers are referred especially to
Section VII in Wolff (1907) and also to Triolo (1956), Shimkin (1977), Rather
(1978), Cremer (1985), Fitzgerald (2000) and Dhom (2001).

The concept of “plasias”

Hansemann chose the term “anaplasia” for the essential process which he pro-
posed characterises the abnormal morphology and behaviour of tumour cells
and which he perceived as similar to the process which occurs when a germinal
epithelial cell in the ovary develops into an ovum (see chapter 5). The follow-
ing outlines the derivation and history of the use of “-plasia” in the biological
literature.

According to the biological philosophy of Plato and Aristotle (see above),
changes in biological systems were caused by the actions of poorly-specified, and
probably supernatural “forces” of different types,for example “animal” and “veg-
etative” (Barnes, 2005). The phrase “plastic force” (from plasos Gk “forming” or
“formative” force) was probably introduced by Plotinus' (c 205-270 AD). This
idea was supported by Avicenna (980-1037) in his medical works (the “Canon”)
and thus the concept became part of European learning in the Middle Ages.
Subsequently the idea of a “plastic force” was also used to explain, variously,
some aspects of theology, the formation of fossils, the development from eggs of
adult living organisms, and as a descriptive phrase in philosophy and art>.

As aseparate developmentin relation to the biology, Descartes® asserted that
growth of individual tissues occurs because material (“white threads”) leaves the
blood vessels (extravasate) and accumulates at these sites*. In accordance with
his “mechanist” principles (see also chapter 2) Descartes excluded supernatural
“forces” from his explanations of physiological phenomena, and did not use
the term “plastic force”, or “force” at all except in a strictly mechanical sense”.
In Cambridge, England, however, a school of philosophers including Cudworth,
More and others adopted many of Descartes’ ideas,but retained belief in mystical
concepts and “plastic forces”. This group became known as the “Cambridge
(Neo-) Platonists” (Patrides, 1980).
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Meanwhile the first evidence of a vascular system which is distinct from the
blood-vascular system came from discovery of lacteals by Aselli (1581-1626) in
1626. Subsequently, investigations of the role of movements and composition
of blood and lymph fluids in medicine and pathology were carried out in Italy,
especially by Malpighi, Borelli and others®;in Germany by Stahl and Hoffmann*
and in France, where many authors, especially Le Dran, Petit and others came
to believe that tumours begin in material which is deposited out of the lymph
rather than extravasated from the blood (Wolff, 1907).

The Hunterian school’ in London, and particularly William Hewson (1739-
1774) and William Cruikshank (1745-1800), carried out extensive investigations
of lymphatics. However, John Hunter’ (1728-1793 - the most famous member of
the school) used the phrase “coagulating lymph” for the clear liquid component
of blood which has the inherent property of coagulating, and thus not exclusively
for the material in lymphatic vessels (Hunter, 1794, pp 16-17). Hunter (1794)
thought that coagulum from blood has a “living principal” (materia vitae) in its
composition,and that greater amounts of this principal might be transferred from
the local blood vessels to the “coagulating lymph” at the site of inflammation and
cause formation of new tissue, including tumours.

With respect to increased size of tissues, Laennec had introduced the term
“hypertrophy” in 1802 (Wolff, 1907), indicating that local changes of nutrition
(and thus presumably extra-vascular deposition in some form) were responsible
for these increases. This term continues to be used in medicine.

However, according to Wolff (1907), the only author who supported the role
of lymphatic material in disease, and who used the suffix “-plasia” in relation
to tumor formation was Lobstein (1777-1835)% in his “Treatise on Pathological
Anatomy” (1829). Lobstein’s account of the role of lymph in the formation of
tumours was rather vague, but he quite clearly described the idea of a “plasia”
as a pathogenetic (not aetiological) process which is identifiable by its morpho-
logical and physiological characteristics. Lobstein did not mention any materia
vitae but described the formation of new tissues in terms of a biological process
which results from the action of presumed specific aetiological “viruses or specific
agents”. These agents, he thought, attack particularly the local lymphatic system
changing that system’s vital properties. Because of this alteration the nature of
the locally deposited material is altered too.

Lobstein was vague also on the different types of “-plasia” which might occur.
From the relevant sections of the “Treatise” (especially article 11 of chapter IV,
article 6 of chapter V and all of chapter VII) it seems that Lobstein classified
the natures of the deposited material and associated process of development of
the lesions as either “euplastic/euplasia” (associated with normal developmen-
tal growth),“homeoplastic/ homeoplasia” (fibrosis), “heteroplastic/heteroplasia”
(most swellings) or “cacoplastic/cacoplasia” (“harmful” swellings, mainly com-
prising malignant tumours). All local processes were thought to be under the
influence of locally-acting “plastic forces”. Nevertheless, while in many parts of
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the text Lobstein implied that the nature of the deposited material determines
the nature of the lesion, in section 408 Lobstein suggests that the (plastic) forces
may act with variable speed and intensity at various times and sites. Thus Lob-
stein never quite determined whether it is the nature of the matter deposited
by the locally-disordered lymphatic system, or whether it is the changes in the
natures, intensities or effects of locally acting “plastic forces”, which determine
what type of “plasia” occurs at a particular site.

Lobstein’s ideas initially received little support in France, Germany or Eng-
land’, but “fibro-plasia” was used by Lebert in 1845 (Wolff, 1907) and in a book
(Lebert, 1851).

Virchow (1854) used both “neoplasia” and “hyperplasia” in relation to en-
largements of tissues due to increased numbers of cells. He only used “hypertro-
phy” for increased size tissues due to increased size of the cells of the region. His
usages of these terms have been general ever since.

Haeckel’s use of the word “anaplasia”is noted in chapter 2, but no author of
a pathology text read by the present authors has adopted this usage.

In the 4" edition of the “Cellular Pathology ...”, Virchow (1870) introduced
“metaplasia” as a type of “histological substitution” which he had used in the
second edition (Virchow, 1858, “adaptation” was the other type of histological
substitution, see above).

Lanceraux (1875) used the term “neoplasia” extensively, but did not provide
any history of its usage. This author used “-plasia”in the same way as had Lobstein
(1829) to indicate a growth, in all cases specified by a prefix to indicate its special
features. This convention had not changed by the time of Hansemann (1890).

Virchow’s concepts of tumours

Virchow’ received his entire medical education in Berlin (chapter 1),and worked
for Johannes Miiller from 1843. Virchow seems to have derived most of his
fundamental ideas from Miiller, who was prominent in scientific circles, having
already published his work on the microscopy of tumours (1838) and “Elements
of Physiology” (1840) (Haggard and Smith, 1938; Rather et al 1983). Essentially,
Miiller described only “true” tumours, omitting tuberculosis and some cystic
conditions. He found that the cells of tumours are generally similar to those of
the surrounding “normal” cells, except that they exhibited degrees of variability
of sizes and shapes of cells and nuclei, not only between the various tumour
types, but also among the cells within individual tumours. Miiller thought that
tumour cells arose in the interstitial space (avoiding the word “lymph”) from
seminum morbii, (“seeds of disease”), a concept which presumably came from
Gaub’s account of three types of seminum morbii. Rather and co-workers (1983)
published an account of Miiller’s work; this should be read in conjunction with
the account of blastema in Rather (1972).
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Because the comments by Ackerknecht (1957), David (1988) and Rather
(1990) do not completely describe Virchow’s thoughts on tumours, we shall dis-
cuss these in some detail.

In early writings Virchow (1847) followed Miiller’s opinions, but in 1855, at
the same time as he was converted to “omnis cellula e cellula” (chapter 3), he
came to believe that tumour cells were derived from the cells of the connective
tissues (Bindegewebe). This view, therefore, simply substituted “cells in connec-
tive tissue” for “seminum morbii in blastema” in Miiller’s scheme. As a separate
issue Virchow came to adopt the idea that there is no such thing as a “cancer
specific cell” as had been suggested by Lebert (see Rather, 1978).

By his own subsequent account, Virchow (1858) was keen to establish tumours
as locally-occurring lesions. This was in contrast to the Le Dran-Hunterian model
of “ex-vascular deposits” (see above) in which tumours form from material de-
livered to the site by the blood or lymphatics. Thus Virchow’s view established
tumours on a “solidistic” or “local” basis, which was a considerable achievement.

In Virchow’s “Cellular Pathology ...” (1858), there are views on cancer which
have not stood the test of time. In particular, Virchow supported “chronic irrita-
tion” as the mechanism for induction of growth in tumours. He used as a “tumour
analogy” the healing of fractures of bone through callus. In this phenomenon,
there is not only transient growth, but also frequent changes of cell type among
the connective tissue cells, especially from fibroblast to chondrocytic cells. Vir-
chow had no explanation for the permanency of the proliferative change in his
irritated cells (the effects of irritation normally subside when the irritant is re-
moved), nor did he believe in trans-vascular travel of tumour cells as the basis of
metastases. On the contrary, Virchow believed that the primary tumours liber-
ated some unknown substance which “converted” distant connective tissue cells
to the cell type of the primary tumour from which these “influences” came.

In 1863 Virchow began what was to have been his magnum opus on tumours
(“Disease-Related Tumours”), but abandoned it before publication of the part
(second part of vol I1I) on carcinomata'®. He retained Lobstein’s terms of “home-
oplastic” and “heteroplastic” aslate as the fourth edition of the “Cellular Pathol-
ogy ...” (1870).

The following list summarises the views held by Virchow with which Hanse-
mann could not agree. Probably because of Virchow’s views and far-reaching
influence, Hansemann included extensive justifications of his own opinions in
his articles.

(i) That carcinoma cells arise from cells of the connective tissue (Bindegewebe)
locally (not the local epithelial cells) — hence Hansemann’s long account of
the matter under “Specificity”.

(i) That cells in general, change their morphological type (see above) fre-
quently, as in healing of fractures. Hansemann, to the contrary, believed
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that these changes are relatively uncommon, and hardly mentions healing
of fractures in any of his works.

(iii) That the apparently separate foci at the edges of tumour masses are due
merely to exclusion of the connecting parts from the particular section, and
do not represent separated foci of tumour (which result from invasion).
Hansemann believed to the contrary that tumour cells can invade connec-
tive tissue by their own motile activity.

(iv) That distant growths occur because some factor emanating from the main
tumour mass recruits distant cells of the connective tissue (Bindegewebe) to
the same tumourous behaviour. Hansemann took the opposite view, which
was held by Langenbeck, Remak and most other authors of the time, that dis-
tant growths (metastases) grow only because physically-translocated cells
from the main mass are able to grow at the distant site.

(v) That the pathogenesis of tumours is an abnormal healing reaction to chronic
irritation (see above). Hansemann agreed with many other authors, includ-
ing those who believed in parasitic theories, that many tumours arise without
any evidence of previous chronic irritation at the site.

“Embryonal” theories of cancer

Before microscopy, students of tumours had only to explain excessive local
growth, some macroscopic appearances, and the spread of tumours. Until the
seventeenth century (before anything of cells was known), tumours were ex-
plained mainly in terms of local imbalances of “humours”.

In the early period of microscopy with achromaticlenses, and with the advent
of “Cell Theory”, the problem became mainly one of explaining the local excess
proliferation of cells, and the changes in the appearance of their nuclei and
cytoplasm. Very quickly tumour cells were seen to be related to “embryonal”
cells in some way, for example by Royer-Collard in 1826 (Wolff, 1907). This
was because most tumour cells and embryonal cells grow rapidly and tend to
have a greater nuclear volume compared to the cytoplasmic volume (higher
“nuclear:cytoplasmic ratio”).

Several variations in the “embryonic” idea of tumours developed over the
next fifty years. The most important were, first that tumour cells represent the re-
sults of a reversal of embryonic differentiation occurring in the adult tissue (Fol,
see Wolff, 1907). The second important idea was that tumour cells are embryonal
cells; — but which have been left over from embryonic and foetal development,
and which are stimulated by irritation to “embryonic-cell-like behaviour” (Cohn-
heim, 1882). Cohnheim suggested this idea of “cell rests”, particularly because
histology showed that some tumour types comprised cell types which are only
found in embryos (e.g. myxomas). Subsequently the existence of “embryonal
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rests” could not be proven, and no natural mechanism of “embryological re-
version” has been found (although it has been achieved experimentally, in the
“cloning” of new individuals from adult cells — for example, in the sheep called
“Dolly” — Wilmutet al., 1997). The abandonment of the cell-rest theory was only
completed after the Second World War. Prominent twentieth century authors
who gave it credence included Borst (chapter 6) and Ewing in the 4" edition of
his work “Neoplastic Diseases” (1940).

“Egg-like” features of cancer cells

Perhaps the most relevant part of the literature for Hansemann’s theory is the
section in Langenbeck’s article of 1840 (Rather, 1975, see Bignold et al.,2006b)
concerning the egg-like nature of the capacity for independent existence of
metastatic tumour cells. (Langenbeck’s paper is mainly in support of his theory
of the blood-borne nature of metastasis in general, and to the lung in particular).
The relevant section is as follows:

“To me it seems highly probable that cancer of the lung in most instances develops within
the branches of the pulmonary artery from cancer-molecules that have gained access to the
venous circulation from a primary carcinoma. Carcinomas in other parts of the body almost
invariably precede the development of lung cancer, and instances of primary carcinoma of
the lung appear to be extremely uncommon. Bayle saw only one and Bouillaud two instances
of carcinoma of the lung in the absence of preceding similar disease in other parts,and Andral
will have it that he has never observed one.

That the smaller parts of a cancerous tumour, the carcinoma cells, still have the ability
to develop independently into cancerous tumours, even though they have separated from
their primal native soil, the carcinoma, and transplanted to a foreign one, may appear less
surprising when we consider that the germ of the ovary, likewise no more than a cell and
indeed one strikingly similar to a large carcinoma cell, separates itself from the ovary after
fertilisation in order to develop independently in the uterus or quite outside the material
body.

Like the germ of the ovary, every single carcinoma cell must now appear as an organism
endowed with life-force and developmental ability which, even though robbed of all organic
connection with its primal native soil,can nevertheless continue to develop independently as
long asit finds itself in the neighbourhood of and under the influence of living organic tissue.
Despite its extremely great external resemblance, however, a cancer cell differs essentially
from a cell of the ovary in that it requires no more than contact with and the enlivening effect
of living organic substance, whereas the constrained life-force of the latter can come into
living effectively only under the influence of a specific external stimulus, the male generative
substance.”

The substance of this idea is clearly repeated in Hansemann’s works (1890a;
1893c etc), although with little acknowledgement (see section below). Further
discussion is unnecessary here.
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“Fecundation/fertilisation/fusion” theories

The basic idea in this group of ideas was that, if two cells fuse, the resulting cell
will exhibit some of the properties of each of the original cells. Some authors
(see Wolff 1907) provided early versions of this idea by suggesting that transfer-
ences of “influences” from one cell type to another might produce a cancerous
change in the “target” cell. Simon (1878) suggested that such an “influence”
might be the product of some enzymatic action, and (in the same paper) specu-
lated that metastases might occur because “molecules” from the primary tumour
exert a “spermatic force” on the tissues where a secondary growth occurs. Vir-
chow (1880) suggested that the process of transference seemed analogous to the
sperm “targeting” an egg, but without discussing this view in detail or committing
himself to it in any way.

In chapter 11 of his “General Pathology” (1889) (see also Wolff, 1907), Klebs!!
devoted several pages to the suggestion that leukocyte nuclei fuse with a local
cell to produce a cancerous change.Later in the same chapter Klebs referred
to the “foetal characteristics” of cells after nuclear fusion. Thus Klebs perhaps
favoured the embryonal model, at least in some ways.

Schleich and others produced variations of this view (see Wolff, 1907 pp
360 ff'?). Finally, if a gamete were to fuse with an adult cell, the resultant cell
might have a mixture of embryonal and adult-cell features. Thisidea was put for-
ward by Farmer and Moore (1902) and briefly supported by Bashford (1905) but
was never credited as likely. In particular, Bashford later withdrew his support
for it (Bashford, 1908).

The role of mitosis in heredity at the time of Hansemann

Improved methods of histology (chapter 3) — especially with the use of haema-
toxylin and eosin — had been applied to the events of cell division by many
authors, as outlined by Hansemann in references within his own book (1893c:
chapter 11). These can be read in summary in Hertwig (1890;1892), Wolff (1907)
Wilson (1925), Hughes (1959), Farley (1982) and Lima-de-Faria (2003). The con-
densation of chromatin into “threads” (also termed “loops”, “filaments” and
later “chromosomes”, or “nuclear segments”) prior to nuclear division was dis-
covered by many authors, including Strassburger, Waldeyer, Flemming, Boveri,
van Beneden and others, although many different ways of describing the phases
of nuclear division were used.

At the time of Hansemann’s first cancer paper (1890), understanding of the
following matters was lacking as follows:

(i) The differences between mitosis and what was later called “meiosis” (the
sequence of divisions which support oogenesis and spermatogenesis) were
not understood.

63



Theories of tumours prior to Hansemann

(i) Whether or not the striking species-consistency in numbers of chromosomes,
which had been found among lower animals, also applies to higher animals
and especially to Man, had not been established.

(iii) The fact that the “gemmules/plasmas/ids” are integral to the chromosomes,
not just associated with them in some way, was not known.

(iv) No even nearly-correct estimate of the number of chromosomes in human
cells had been advanced (because the small ones cannot be seen except in
“squash” preparations).

(v) That for any species, an individual sperm head contains the same number of
chromosomes as the nucleus of the egg of that species was not understood.

(vi) As a corollary of (iv) it was not clear when during mitosis — especially in
man — that the chromosomes replicated themselves.

The following summaries are of two major articles which were cited by Hanse-
mann. Hansemann’s own articles are very similar to these in style and lack of
definite structure, which were in fact typical for the literature of pathology at the
time.

Schottldnder’s (1886) article is long, and begins with a thorough review of the
topic. He provides a general preamble, after which the author states his aim as
“... to examine observations with special regard to normal typical karyokinesis
in order to make statements as to whether there are any regular laws on what
happens in various pathological conditions.”

He then reviews nuclear division and reports of atypical karyokinesis since
the 1840s. On pages 434-5 Schottlédnder reviews experimental corneal injury,
followed by an account of his own experimental methods involving the cornea
of the green frog. Methods are given in detail for how the eye is cut, the angle
of knife, the platinum wire for scraping, the application of acid and so on. In
particular he used picric or formic or chromic or acetic acid as fixative, and
carmine or haematoxylin and eosin for staining. The main “results” involved the
morphology of the mitoses and the time courses for the mitotic responses.

The obvious sources or errors in such a study are that secondary infection (not
mentioned) could affect the outcomes; that the intensity of the injury is poorly
controlled; that in early healing, the nuclei of damaged cells could resemble
poorly-fixed mitoses; and that proliferation in macrophages close to capillaries
might be confused with those of endothelia. The reliability of Schottlédnder’s
findings is questionable overall because he was unable to find any mitoses in
corneal epithelium, as part of the healing response, at all. He was also unable to
see how many threads there were in the metaphase figures of the cells. Thus the
accuracy of his identification of any metaphase figure in his preparations must
be treated with suspicion.
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On p. 450 begins a description of nuclear division according to a 5-stage
process. The author then comments “atypical” mitoses in these preparations.

1. These are mainly irregular deviations with the overall character of the mito-
sis preserved — referring to Flemming and Rabl. The abnormalities include
changes in size shape and lie (position) of chromatin material, abnormal
shrinkage, blurred delineation, occasional errant chromatin spheres. He could
not tell how much this is due to variable fixation.

2. Some abnormalities have certain regular features (quoting Flemming), mean-
ing especially multi-partite nuclear divisions.

3. Chaotic mitotic characters were not preserved.

After consideration of many aspects of the mitotic forms, which, in view of the
possibility of fixation artefact and other sources of error cannot be assessed,
Schottldnder provides a seven-point summary:

1. After placing chlor zinc solution in the centre of the frog cornea, the ep-
ithelium decomposed, and histologically there was no slow degeneration or
regeneration of cells.

2. If the irritation was massive and the animal strong, metamorphoses on day 2,
as well as wandering cells, some with direct segmentation and some with direct
fragmentation, were seen.

3. Not until day 7 are mitoses found near the acid area which undoubtedly serves
regeneration — regeneration is complete by day 15.

4. The majority of mitoses are analogues of almost always 24 loops; the mode of
cell division is reminiscent of cell plate formation in plants.

5. Aberrations from this can be irregular dual division figures.

6. The multiple nuclear division figure is a completely different phenomenon,
and is undoubtedly meant to be a multinuclear division. As in normal mitosis,
irregularities and atypias are found here, but more often.

7. Some cells show the phenomenon of indirect fragmentation.

Flemming’s article (1887) followed three earlier long articles (1879, 1880, 1881)
which had amounted to a full review of cell division. All these articles were
written before meiosis was distinguished from mitosis, and thus difficulties with
concepts are to be expected. The article (Flemming, 1887) begins by stating that
some years before, the author had reviewed all relevant knowledge, but that the
topicnow (in 1887) has undergone so many new developments that a revision was
in order. In addition, the author has new findings to communicate. Of particular
interest are the obscure forms of mitoses which were found in the spermatocytic
cells of Salamandra;these are different from all others known.
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There are ten sections to the paper as follows.

Section I comprises a brief review of the literature, and description of sperm
formation in the testis of the Salamander (an amphibian which has moist skin
like that of the frog).

Section 2 concerns methods involving rapid plucking and spreading on glass,
fixation with chromium acetic acid-osmium mixture and platinum chloride with
chromic acid. Staining with safranin and Gentian are all recommended, but not
Bismarck Brown and Methyl Green in acetic acid. Flemming found that alcohol
fixation is satisfactory, as is counterstaining with haematoxylin. Celloidin was
used for embedding to harden the tissue, then Bergamotte oil, then clove oil and
Damar resin were applied for mounting.

Section 3 concerns dimorphism of mitoses in spermatocytes, section 4 is on
“heterotypical” variants, section 5 describes the nuclear spindle (achromatic)
and section 6 deals with “homeotypical” forms.

Section 7 deals with the number of chromatin “segments” (i.e.chromosomes).
It is stated that the numbers are: spermatocyte 24, secondary cells have 48, all
daughter cells 24, sperm cells “half”.

Section 8 deals with deviations of mitoses from the norm in spermatocytes
and various forms of degenerate nuclei; clear evidence is found of pluripolar
nuclear divisions (p. 445). The hallmark is asymmetric, unilateral herniation of
the spindle, which then attracts some of the chromatic segments in that direction
to form an “abnormal tripolar spindle”. In all segments, each “thigh” is swollen
to the shape of a minisphere. Groups of four spheres, two of which are stuck
together, are scattered irregularly through the spindle zone (Figs 48 and 50).

Section 9 discusses the relationship of mitotic forms described here to the
usual scheme of mitosis. Section 10 concerns a comparison with the findings of
Carnoy.

Flemming calls the abnormalities “pathological nuclear division”, which is
different from Hansemann’s usage (1891a — chapter 8). There was no general
conclusion.

By 1893, however, the specificity of the “reduction division” for gametogenic
divisions had been described, especially by Hertwig (1892). Subsequently, when
all chromosomes were shown to exist as pairs in adult cells, and gametes were
shown to be haploid (contain one of each member of these pairs of chromosomes
in the adult cells), Flemming’s ideas of nuclear division in the testis were obsolete.

Chromosomes in tumour cells

The discovery of chromosomes through the use of better histological stains and
lenses was documented in chapter 3. The first observers of atypical mitoses were
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most concerned with their frequency, and possible “physiological” role in either
development of embryos or maturation of cell types in adult tissues. The methods
of fixation and sectioning used by these authors caused such marked shrinking
of the chromosomes that little could be seen but shrivelled dots. Three major
articles (Arnold, 1879; Martin, 1881; Pfitzner, 1886) to which Hansemann refers
will now be summarised in some detail.

Arnold (1879) begins his paper with the comment that in recent times much
work has been done on cell division, especially in plants, and lists a number of
authors who have published on this. Only a few of these works, however, have
concerned pathological tissue. This paper reports Arnold’s own work, and in
particular, that in the tumour cells, some unusual metamorphosis of the nuclei
takes place. For samples Arnold recommends carcinomas or sarcomas, especially
the large-cell variants of tumours with soft and juicy nuclei, because division is
too hard to see in small nuclei. His first technique involved incubation of fresh
tumour fluid in small chambers made of hard rubber, sealed with Canada Balm,
and using a drop of immersion oil for microscopy and aqueous safranin as a stain.
There was no fixation to avoid artefact. He hoped to see movement of nuclear
threads, but this was not seen. Arnold then cites von Pruden and Schleicher
who claimed to have seen nuclear threads in cartilage. For other histological
preparations he fixed the tissues with alcohol and chromatic acid (for up to 6-8
days), then cut the tumour into cubes, and then further hardened the tissues in
methanol for 24 hrs: 2 changes of methanol, then ethanol over 72 hours. Sections
were cut without embedding and stained with haematoxylin.

His results first concerned the appearances of interphase nuclei,and consisted
mainly of the finding that the interphase cancer nuclei consisted of many small
and large bodies with shiny surfaces within the chromatin of the nuclei. The
editors’ opinion is that Arnold’s methods produced such marked shrinkage and
coagulation of structures that artefact is the most likely cause of them.

The second part of the results begins on p. 290 of the original, and concerns
nuclear division. Arnold notes that all phases of nuclear division known from
other work are seen in tumours. Could the order of events be different? He is
unable to tell. Then there is a systematic description, dividing nuclear division
into four phases, viz:

1) preparation for nuclear division;

2) immediately pre-division;

3) during division;

4) after division.

Arnold concludes this section by stating that the threads are the “pivotal thing”
in nuclear division.
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Abnormal nuclear divisions are mentioned briefly (p298) (referring to the
works of Strassburger and Ebert) but Arnold states that he has seen triple or
quadruple division and illustrates these in Figs 17, 18, 19 and especially 35 and
36 (triples). Arnold also states that he has seen cells with 3 or 4 young nuclei (i.e.
after such division) and that he saw fine threads between the nuclei. There is then
a discussion of Flemming’s work and his concept of indirect (requiring mitotic
chromosomes) and direct (not requiring mitotic chromosomes) nuclear division.
Flemming is stated to believe that the mechanisms of multi-nuclearity are diffi-
cult to understand. Arnold finishes with a wish that the pathological anatomists
might realise that in pathological neoplasms, there is much opportunity for study.

Martin (1881) begins his paper with references to the works of others, including
Arnold (1879, above) on “indirect” (i.e. mitotic) nuclear division in normal and
pathological tissues. He notes that knowledge of it was still incomplete. Hence,
he continues the structure of nuclei before division, how they come about, and
the sequence of the phases all need further work.

Discussion is then presented of whether or not more than one nuclear divi-
sion can occur simultaneously in a single cell,or whether one division can result
in more than two daughter nuclei. A review of current literature (Eberth, Flem-
ming, Strassburger, Hegelmeyer) follows. Martin’s (1881) text then becomes a
complicated account of the issue of four nuclei in one cell. He doubts that multi-
partite division occurs, and suggests that Hegelmeyer’s example might be the
result of the joining of 3 colliding daughter nuclei with one in the middle.

On p. 60, Martin begins a report of his own observations. These were de-
rived from a single case of a breast carcinoma, which grew and replaced the
whole breast in 7 months. On microscopic examination, the tumour was found
to contain large numbers of all sorts of mitoses. His method involved fixation
in methanol (spiritus conservatio) but the duration was not mentioned. For sec-
tioning a Thoma sliding microtome was used, so that only one layer of cells was
included. Martin justified this, because it was the preparation in which detecting
mitoses and other structures was easiest. (This is the basis of the controversy con-
cerning the proper thickness of sections, which Hansemann deals with in several
articles and in 1893c — eds). Martin then stained the sections with haematoxylin,
alum-carmine and borax-carmine which colour chromosomes intensely.

Spindle fibres, on the other hand, were best seen after embedding in resin
(not further detailed) and staining with haematoxylin.

Martin’s results consisted of observations of this in relation to the various
stages of mitosis. There are numerous unremarkable observations, but on p. 61
he describes a nucleus which divided into more than 4 parts (Fig. 6). The shape
of the nuclear plate was very complicated, and appears to be 7 or 8 parts, sug-
gesting the phenomenon now known as “mitotic catastrophe” (Castedo et al,
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2004). Subsequent description in the paper attempts to establish that the best
explanation of the abnormalities seen is multipartite division.

Martin concludes:

“I stress again that I have produced incontrovertible evidence of multiple divisions of the
one nucleus in indirect division manner. Special emphasis is placed on the structure of the
nuclear plate in early stages of division. Also the position of the nucleus in later division
stages, and their relationship to the threads, as well as the way the cytoplasm divides, allow
only multiple division as the explanation.

Further investigations are needed as to whether these multiple divisions occur only
in tumours, and in particular, in rapidly growing tumours, or whether this modality is more
commonly found in physiological and pathophysiological conditions in plant or animal king-
doms.”

Pfitzner (1886) begins with 15 pages of introduction, making the significant points
that (i) studies of mitosis could allow proliferating cells, metamorphosing cells,
fully viable and degenerate cells to be distinguished from each other, (ii) counting
mitoses in tissues is difficult. Pfitzner then falls into error by stating that “The
development of the chromatin is the measure for the developmental stage of
the cell” and “paucity of chromatin is the hallmark for the embryonal character
of a cell”. (It is against this error that Hansemann had to struggle in his early
articles — eds). There is also much comment on differences between mitoses
under specific situations, and Hansemann’s section in “Studies ...” (1893) can be
considered in contrast to this section. Pfitzner also thought that the chromatin
richness of cells relates to the age of the whole individual. On p.289 of the original
there is an account of division of nucleated erythroid cells, leading to the correct
conclusion that anuclear state of human erythrocytes is due to the dissolution
of pre-existing nuclei. There is a very brief account of methods (p. 296). On
p-297 Pfitzner states that the differences between the nuclei of regenerative and
tumour cells are in the ratios of the amounts of nuclear parts and that the tumour
cell nuclei are of “embryonal character”. There was no summary.

Other authors immediately before Hansemann added little to these accounts.
Cornil (1886) described the nuclear abnormalities in tumour cells, but did not
suggest that they might have any pathogenetic significance.

Klebs'! (1889) (see above) described a variety of abnormalities in chromo-
somes and mitoses in tumour cells. However, he was unsure of what they meant,
and how they might be associated with the phenomenon of fusion of leukocyte
and epithelial nuclei which he claimed to have seen (see above). In relation to
atypical mitoses Klebs (1889 p. 529) stated:
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“As far as the pathological significance of these different nuclear division processes is con-
cerned, which in any case deviate substantially from the norm, establishing their relationship
to the incipient cells and to the newly-formed tissue of tumours presents us with considerably
more difficulty than recognising their origin. We can say at once that they appear for prefer-
ence in very strongly proliferating tumours, perhaps even exclusively. Often, haemorrhagic
conditions too have a particular relationship to the luxuriant development of abnormal
(anormalen) nuclear proliferation. Within such haemorrhagic parts it is, quite specifically,
unusually large and misshapen nuclei with coarse-grained content which appear, which, set
free from their context, are situated in the blood masses.”

Difficulties of diagnosis of tumours by histopathology in the 1890s: the case of
the laryngeal cancer of Emperor Friedrich III

The microscopic appearances of human tumours provided most of the essential
“raw data” of tumour research throughout the nineteenth century. Such consid-
erations were important to academic pathologists (in university departments)
for their theories on the nature of cancers. However, these appearances were
not immediately of practical use for hospital pathologists examining biopsies.

First, microscopy is not really necessary for macroscopic masses which are
obviously tumours by naked-eye examination. Thus large, irregular ulcerating-
fungating masses of the stomach or colon are rarely due to anything but a tu-
mourous process.

Second, for those cases of macroscopic masses which consist of excess fibrous-
like tissue, those microscopic details which can be seen with an achromatic lens
and simple nuclear stains (see above) are not enough to enable either infiltrat-
ing or “desmoplastic” cancerous lesions to be distinguished from non-tumourous
disorders such as inflammatory and fibrosing processes. In particular, individual
tumour cells, or small “lines” of tumour cells lying between collagen fibres, could
not be distinguished from inflammatory cells. For this reason, most histopathol-
ogists, as explained by Virchow (1888) needed to see rounded clumps of tumour
cells (say at least 20 cells — so-called “alveolar forms”) before they could make
a diagnosis of cancer.

The diagnostic difficulty was exemplified by the case of Emperor Friedrich I11.
The lesion itself was an infiltrating squamous cell carcinoma (caused no doubt
by the Emperor’s heavy smoking). Virchow’s reports on the biopsies (Dhom,
2001) specifically state that none of the “alveolar forms” which were required
for a diagnosis of malignancy could be seen (Dhom,2001) so that the diagnosis
of malignancy could not be made!?. For further discussion, see chapter 5.
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Notes to chapter 4

1 Plotinus (¢ 205-270 AD),b Egypt, but lived most of his life in Rome. He was generally a follower
of Plato, hence a “neoplatonist”. “Plastic forces” he considered to be emanations of the “world
soul” which give rise to matter.

References: Whittaker (1901), Russell (1956), Gerson (1996).

2 For example, Nieztsche in his essay “On the future of educational systems”,1872. See also entry
in “The American Heritage Dictionary of the English Language”, 4th edn (2000).

3 René Descartes (1596-1650) is considered by many to have been the first “modern” (in the
sense of fully rational/mechanist) philosopher and was concerned with many issues including
metaphysics, ethics, mathematics and the structure and function of the human body. He is most
famous for his dictum “I think, therefore T am” (“cogito ergo sum”). It is said that he continued to
state his belief in God and the Soul because of his knowledge of the fate of Galileo (1564-1642),
who had stated opinions concerning the solar system which were unacceptable to the Church.
His ideas of cardiovascular physiology were misguided because he refused to accept Harvey’s
account (published in 1628) of the circulation of the blood.

References: Chavois (1966), Hall (1972), Carter (1983).

4 Mention of the concept of “white threads” is to be found in vol. XI, sections 265-276 of Adam
and Tannery (1996).
In relation to tumours, Wolff (1907) begins his discussion of the “lymphatic theory of cancer”
with mention, as “heroes” of the overthrow of Galenic theory, of Francis Bacon and Descartes
(see chapter 2). Wolff then has a paragraph:

“As to the theory of cancer, Descartes’lymphatic theory was by far the most important. For almost
150 years, authors who dealt with cancer were under bondage to his theory, and all research work
was directed to unravelling the nature of lymph. We shall now examine the progress of cancerology
that is owed to the so-called Cartesian school.”

The present authors do not believe that this paragraph means that Descartes described a “lym-
phatic theory” in the modern sense. First of all, there had been no description of any generalised
lymphatic system of the body before Descartes died (1654). Only lacteals in recently-fed dogs
had been described (by Aselli in 1626, and this came to Descartes’ notice only in 1640). Descartes
did not use the word “lymph”. Descartes did suggest a theory that solid organs form in spaces
between blood vessels because of the ejection of minute threads from arterial branches (Adam
and Tannery, 1996, XI S 265-276).In other writings he used the word “corpuscles” for such ma-
terial. This is discussed by Hall (1972). Tumours are not mentioned in any writing by Descartes
that we have examined.

In the “Cartesian school” Wolff (1907) included many French authors, including the later au-
thor LeDran (1685-1770). Rather (1978) gave prominence to Stahl (1660-1732) and Hoffmann
(1660-1742) (both at Halle). Dobson (1959) gave priority to Ledran (i.e Le Dran) as the author
of the “lymphatic” theory.

Additional references: Daremberg (1870), Hall (1972), Rather (1978), Carter (1983), Cottingham
(1993).

5 This is based on our reading of Hall (1972) Carter (1983),and Adam and Tannery (1996) — “The
Human Body” (Du corps humain — vol. XI pp 252-292), “Reproduction of Animals” (Genera-
tionem animalium — vol XI pp 505-538) and “Anatomy” (Anatomica — vol XI pp 252-292).See
also Cottingham (1993).

71



6

7

72

Theories of tumours prior to Hansemann

For accounts of the dispute on priority concerning this issue, see Haviv (1999). There are also ar-
ticles in Italian which we have not consulted: Bertoloni Meli D:The posthumous dispute between
Borelli and Malpighi. In: “Marcello Malpighi, Anatomist and Physician”. Firenze, L. Olschki,
1997, pp 247-275.1n the same volume, Guerrini A: The varieties of mechanical medicine: Borelli,
Malpighi, Bellini and Pitcairne, pp 111-128, and Gomez Lopez S: Marcello Malpighi and atomism,
pp 175-189.

The Hunterian school consisted of its founder, William Hunter (1718-1783), his consecutive as-
sistants William Hewson (1739-1774) and William Cruikshank (1745-1800); William Hunter’s
younger brother John (1728-1793); and finally John Hunter’s brother-in-law Everard Home
(1756-1832).

Both William and John Hunter were slow to publish their findings,and provided few references to
previous authors. Hewson and Cruikshank themselves were competent investigators and authors.
John Hunter’s brother-in-law Everard Home is said to have published many of John Hunter’s
notes and manuscripts after the latter’s death under his (Home’s) own name, and burnt John
Hunter’s originals to conceal his deeds (Oppenheimer 1946; Livesley and Pentelow 1978). It is
difficult, therefore, to be sure of the origins of particular ideas amongst this group, and also the
extent to which their ideas were derived from European authors.

In the works of the Hunterian School:

(i) There is no mention of diseases or tumours in William Hunter’s “Lectures of Anatomy” (Dowd,
1972),and none of the titles of publications by William Hunter listed on p. 240 of Mather (1893)
suggest any consideration of tumours by this author.

(if) In the “Complete Works of William Hewson” (original publications in the 1770s, collected
and republished by the Sydenham Society in 1846) there are mentions of many aspects of blood,
serum, and lymph; and of most relevance, the coagulability of the last of these. In the section
on “Morbid Conditions” (pages 201-3, originally published in 1774), there is little mention of
tumours, other than to note that the “humour” of them spreads to lymph nodes from primary
sites. The therapeutic importance of surgical removal of both the primary tumour and the nodes
is stated clearly. Whether or not tumours form from or in “lymph” is not stated.

(iii) John Hunter’s “Lectures on Surgery” (1837; written after his death by others on the basis of
notes taken by a student who attended his lectures in 1786-7), describe tumourous material as
follows:

(In vol. 3 of these “Complete Works”, p. 420): “The curdly substance is, we may suppose, the
coagulating lymph deprived of its serum and the other or flaky is probably the same, only in
smaller parts; it looks like the precipitate of animal matter from an acid or an alkali.”

However, it is not clear whether scrofula or cancer or both are being referred to here.

On p. 619 of the same volume: “The tumefaction is from interstitial extravasation of coagulable
lymph ...”

(iv) In his book (1790 pp 114-5) William Cruikshank noted that there might be different types of
lymph, resulting in different types of lesions, as follows:

“In the last place, the lacteals and lymphatics become the cause of the most fatal diseases which
attack the human body: this also puts these vessels in a very important point of view. These
diseases may be divided into the following classes: In the first place, such as arise from these
vessels not absorbing the healthy and sound fluids and solids of the body; secondly, such as arise
from their absorbing too much of the healthy and apparently sound fluids and solids of the body;
thirdly, such as arise from absorbing morbid fluids generated in the body; fourthly, such as arise
from absorbing the diseased solids of the bodys; fifthly such as arise from their absorbing irritant
substances not generated in the human body, the infectious matter of other persons, and poisons,
animal, vegetable, and mineral, from whatever quarter.”



Notes to chapter 4

In this section, there is no mention specifically of tumours. On a subsequent page, however,
concerning cancers of the breast and testis, Cruikshank writes:

“... the poison is generated in the cells of the gland, or in the acini; the external absorbents may
sometimes carry it from these cells, to the intermediate (lymph) glands described between the
nipple and axilla ... The poison remains in the cells of the mamma, perhaps a year or two, before
it infects any gland in the axilla”.

Thus Cruikshank does not clearly state that tumours come from a component of lymph.

(v) Inhis “Blood, Inflammation and Gunshot Wounds” (1794), John Hunter was mainly concerned
with inflammation. Its great value is that it showed that blood vessels play an active part in
the inflammatory process, and that inflammation is not due to obstruction of blood vessels, as
Boerhaave had thought. There is little mention of tumours in this book.

(vi) Everard Home (1820) published microscopical examinations of cancer in which he suggested
that tumour cells look like blood “globules” and so are probably derived from them. Therefore,
at least by 1820, he seems to have abandoned the “lymph-origin” of tumours if he ever subscribed
to it. The illustrations in Home (1820) are reprinted in Home’s book of 1832 (not consulted by
the present authors), and in Shimkin (1977).

Additional reference: Dobson (1959).

8 Jean Georges Chrétien Fréderic Martin Lobstein, nephew of a distinguished surgeon (Johann
Friedrich Lobstein the elder 1736-1784) became a noted surgeon and pathologist in Strasbourg,
but apparently had a disastrous later career,and went to the United States (Wolff, 1907).

9 We have found no mention of any “-plasia” in any of the following: Pinel (1818), Andral (1836),
Magendie F. (1836), Meckel JF. (1837), Walshe (1846), Vogel J. (1847), Bennett (1849), Paget
(1853), Wedl (1855) or Velpeau (1856).

Williams (1856), however, used the terms “euplastic”, “cacoplastic”, although with meanings
which were different from those of Lobstein, and “aplastic” (which seems to have meant non-
progressive alterations thought to be in the nature of deposits from the blood).

10 This issue has been discussed elsewhere (Ackerknecht, 1953). Garrison and Morton (1970) sug-
gested that Virchow may have abandoned “Disease-related Tumours” (1863) because of an ap-
parent unwillingness to change his belief that carcinomas arise from connective tissue cells, not
from epithelial cells. Perhaps his political interests in the 1860s, not to mention the challenge to a
duel by Bismarck, was a greater factor in his failure to complete the work. Virchow did produce a
fourth edition of the “Cellular Pathology ...” (1870) without changing his views on tumours, but
there were few other changes in the book either.

1

—_

EdwinKlebs (1834-1913) b Konigsberg, studied medicine in Berlin and was Professorial Assistant
(Assistent) to Virchow in the early 1860s, until being called to Bern as Professor Extraordinarius
in 1865. He was appointed Professor Ordinarius there in 1866, and studied mainly bacteriology,
working on anthrax, and wound infection (in the Franco-Prussian War). His work made a ma-
jor contribution to the establishment of the bacterial causation of disease, and his four “basic
essentials” (Grundversuche) of infectious disease were a major influence on the “postulates” for-
mulated by Robert Koch. The foreword of Klebs’ book (1876) was directed to Rudolf Virchow,
as if simultaneously making an acknowledgment and recognising a legacy (Vermdchinis). Klebs
remarked: “ ‘Cellular Pathology ..." is said to have demonstrated ‘the disturbances of the inner
mechanism of the animal body’. The new direction has the task is ‘of becoming familiar with those
intruders and their biological behaviour’ ”.

A productive period in Prague (1873-1882) was followed by a period in Zurich (1882-1893) where
Klebs neglected his academic duties in favour of research on tuberculosis. As a result the students
there threatened an exodus to Strasbourg unless changes were made, and Klebs was forced to

73



12
13

74

Theories of tumours prior to Hansemann

resign. He went to the U.S.A. as Professor of Pathology at the Rush Medical College in Chicago,
returning to Europe in 1900 and to Bern in 1913 shortly before his death.

Reference: Dhom (2001), Carter (2001).
But note that Wolff (1907 p. 361) wrongly describes Hansemann as supporting Klebs’ theory.

The details of this diagnostic difficulty are given by Dhom (2001). Unfortunately the glass slides
of the case disappeared and cannot be re-studied. They would be of great historical interest if
they were ever to be re-discovered.

The Emperor Friedrich’s widow (Victoria) was apparently already dissatisfied with German med-
ical practice at the time. She blamed her obstetricians for causing the left-sided Erb’s palsy (an
obstetric mishap which damages the brachial nerve plexus, so that the corresponding arm does
not develop properly) in her first-born son (later Kaiser Wilhelm IT). The diagnostic confusion
concerning her husband’s disease, especially the view that the emperor may have had syphylis,
probably provided another reason. Both these experiences may also have caused her to support
the formation of the post-graduate medical college (Kaiserin-Friedrich-Stiftung,1906) (chapter 1)
at which Hansemann gave lectures.

References: Ober (1992).



Chapter 5

Hansemann’s ideas of the nature of cancer:
description and analysis

Introduction

Throughout his lifetime von Hansemann’s theory represented only one of many
ideas concerning the nature of cancer,none of which even now has gained univer-
sal acceptance. Hansemann made numerous contributions to oncology, however,
and many of them are accepted today. Especially, he emphasised the fact that
changes in the hereditable material of a cell can occur entirely endo-cellularly
(i.e. without addition of hereditable material from outside the cell) through ab-
normalities of the chromosomes, and that such changes might in turn change the
morphology and behaviour of the affected cells in various ways, according to the
“quality” of the hereditable material affected. Since the 1960s this has come to
be understood as probably the correct view. Hansemann’s suggestions as to the
nature of the change in the hereditable material, and the nature of the process
which follows on from that change, are of greatest interest but are also the most
difficult of his ideas to understand. Moreover, Hansemann’s ideas remain of in-
terest at the present time (2006) when the phenomena of mutation, aneuploidy
and genomic instability are being so thoroughly investigated in relation to the
pathogenesis of tumours (Bignold et al,2006a).

This chapter first describes the elements of Hansemann’ theories, and then
provides some critical analysis of them. It should be noted that Hansemann’s
theories applied to malignant tumours only. Hansemann was not able to explain
“benign” tumours according to the same ideas. At the end of the chapter there
is a discussion of Hansemann’s highly successful application of his theory to
the problem of diagnosis of malignant tumours. An analysis of Hansemann’s
philosophical inclinations is also included

The original version of the theory (Hansemann 1890a)

By the late 1880s it was generally agreed that malignant tumour cells differ from
normal cells principally by (i) excessive growth, (ii) showing (usually) evidence of
reduced specialised function, and (iii) being liable to be followed by the appear-
ance of similar growths at distant parts of the body. It was also agreed (iv) that
cancer cells do not arise from any “specific cancer cell” (as had been suggested
by Lebert — see Rather, 1978) or from “lymph” (meaning coagulating material
from blood; as had been suggested by John Hunter — see chapter 4).
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Except for Virchow’s views (see below), it was further agreed (v) that the
distant growths (iii,above) occur first by physical displacement (usually through
vessels) of tumour cells from the primary site to the distant site,and second, their
growth at the distant site and (vi) that tumour cells are derived from the normal
type of cell which they resemble most. That is to say, if a tumour cell looks like an
epithelial cell it probably is derived from an epithelial “mother cell” (Mutterzelle)
in the region, or has metastasised from such a tumour elsewhere to the site in
which it was found.

The essential components of Hansemann’s theory (1890a — translation in
chapter 7) are as follows:

(@)
(i)

(i)
(iv)

(vi)

76

Cancer cells are usually characterised by loss of some specialised functions.

Cancer cells exhibit a greater capacity for independent existence in the
tissues of the host. That is to say, the cancerous derivatives of a normal cell
could grow in anatomical sites where the original normal cell could not.This
greater capacity was seen to be necessary for the formation of metastases,in
the way that Hansemann described from the results of previously reported
transplantation experiments.

The cancerous process begins with an asymmetric division of chromosomes
after metaphase in a local tissue cell.

In atleast one of the daughter cells, the resulting abnormal number of chro-
mosomes causes an abnormalityin differentiation. This assertion was based
on Weismann’s hypothesis — which was current in 1890 — that normal differ-
entiation in embryos occurs by changes in the number of chromosomes —
see chapter 3.

Tumour cells do not behave physiologically like embryonal cells because
they rarely differentiate into other cell types, as do the cells of the zygote.
This reinforced Hansemann’s acceptance of the (lineage) “specificity” of
cells. Thus he could not accept Virchow’s contrary view (above). Moreover,
the abnormality induced in the tumour cells is not one of embryonic rever-
sion.

The formation of tumour cells is like that of the production of the ovum
from oogonia in the mammalian ovary. In his view, this was apparently
supported by two facts. The first fact was that chromosomal material is
ejected from each developing ovum as “polar bodies”, although no further
information was available concerning the significance of this phenomenon.
In particular, it was not known in 1890 that “polar bodies” are surplus
haploid nuclei. The second fact was that ova exhibit an increased capacity
for independent existence manifest by survival in the Fallopian tube and
endometrial cavity, at least for a few days.



The original version of the theory (Hansemann 1890a)

(vii) The combination “loss of differentiation” and “increased capacity for inde-
pendent existence” is a single real biological process manifest in the process
of formation of an egg from “germinal epithelium” of the ovary. Hansemann
supplied the name “anaplasia” for this process.

Although Hansemann (1890a) expressed his thoughts in a highly convoluted way,
in effect he meant that malignant tumours arise when the process of oogenesis
occursin a non-egg-progenitor cell and that the process is particularly manifest by
the continuing oogenesis-like chromosomal mal-distributions (as in the ejection
of the polar body).

On further analysis, however, there were immediately obvious problems with
this proposal. First, asymmetric mitoses in carcinomas are not all of the same
degree, so that they could not all be exactly of the same type as the mitoses
which resulted in ejection of polar bodies. Even in 1890 the ejected bodies were
known to have approximately the same amount of chromatin for each species.
Although Hansemann did not state this clearly, it may be that because of this
fact he chose to include Weismann’s theory of “differentiation through loss of
chromosomal material” (chapter 3) in his scheme. Weismann’s theory stated
that “differentiation” occurred by loss of chromatin, by any cause: Hansemann
amended this to “loss by asymmetric division”; hence, because each stage of
“differentiation” might involve loss of different amounts of chromatin, so too
would variable degrees of asymmetric mitosis occur in a mass of cells, if they
were imitating the different stages of “differentiation”.

The second problem was that throughout his writings, Hansemann insisted
that “differentiation” is any progress which a cell line makes towards produc-
ing cells having less capacity for independent existence and greater specialised
function (embryological or histological). “Un-differentiated” referred to cells
which have not started this process, but “de-differentiated” refers to a cell line
originating from a cell which was in a differentiated state, but lost its differ-
entiation. This fine distinction has not been clear to many authors! (see also
chapter 6). Hansemann wanted to indicate that his idea of “de-differentiation”
was not just loss of specialisation of cells in the adult animal; this occurs reg-
ularly in regeneration — for example in the epidermis during healing of skin
wounds — and is thus without any general significance. Hansemann also wanted
to avoid any implication of embryonic reversion (chapter 4), although this pro-
cess would be a “de-differentiation” according to his own general definition of the
word. Logically, if Weismann’s system was to be followed, “de-differentiation”
in an adult cell should be accompanied by a gain of chromosomes; hence the
“most de-differentiated” cells in a tumour should be the larger ones (with the
hyperchromatic nuclei). This question is discussed in “Further analysis of de-
differentiation” (below).
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Further analysis of the oogenic model

Originally Hansemann identified oogenesis as a process which completes the dif-
ferentiation cycle begun by normal embryological development and completed
with the start of reproduction of a new individual. The process of oogenesis could
be a model for Hansemann’s ideas according to the following rationale.

First, the egg was considered less differentiated than the oogonium because
it is susceptible to fertilisation by a sperm, after which it continues to be the
undifferentiated basis for a new individual. Eggs of frogs were known to be able
to develop into normal individuals by certain types of stimulation which do not
involve fertilisation (i.e. parthenogenesis?). The idea of the egg as an “undiffer-
entiated” cell could also be seen as having some validity if all “differentiated”
cells are resistant to the entry of other genetic material.

However, the “model” does not survive further logical analysis for the follow-
ing reasons. From the late 1840s it had been known that egg formation involves
ejection of chromosomal material as “polar bodies” (Hertwig, 1890). Therefore,
if Weismann’s model of differentiation (chapter 3 and above) were to be applied,
oogenesis would have to be considered a “gain of differentiation” simply on the
basis of the loss of chromosomal material. Furthermore, in terms of physiology,
the question of whether or not the egg is “differentiated” or “de-differentiated”
is debatable. An egg might be considered “de-differentiated” in the embryolog-
ical sense, because it is to be the precursor of a new individual (as above), but it
could also be considered as fully differentiated in the histological sense because
of its unique capacity to permit the entry of a single sperm. In the context of this
debate the sperm is certainly highly “differentiated” because of its unique, highly
specialised morphology and motile apparatus. In this debate, it would be difficult
to accept one gamete as “differentiated” and the other as “undifferentiated”.

To take this line of thought to a conclusion: fertilisation (which had been
described by Hertwig in the 1880s — Hertwig, 1890) becomes the act by which all
previous differentiation is abolished, and a new individual begins. By this line of
thoughtitis not during oogenesis but during fertilisation that “de-differentiation”
occurs. Hansemann’s “logic” on this point therefore falls down.

What of the “increased capacity for independent existence” component of
“differentiation” in all this? A modest degree of increase in this capacity is man-
ifested by the egg, because it is able to survive in the Fallopian tube for several
days. However, a similar degree of this capacity is demonstrated by the zygote,
which can survive in the uterus until it finds the vascular support in oestrogen-
and-progesterone-primed endometrium. Thus the act of abolition of “differen-
tiation” occurs not only with the conversion of a germinal epithelial cell to an
egg (in oogenesis) but also during the conversion of an egg into a zygote (by
fertilisation). Hansemann avoided this point, although in later articles he was
careful to define anaplasia as “loss of differentiation and increased capacity for
independent existence”.
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From all this, it can be concluded that Hansemann’s attempt to hammer all
these facts together with Weismann’s theoretical suggestions into a coherent
theory failed because the “working concept” of “differentiation” does not extend
to all the relevant cell biological phenomena; and also because chromosomal
changes are not the mechanism of embryonic differentiation.

Hansemann’s oogenic model has been given little serious consideration since
its publication. However, insofar as cancerous phenomena are often considered
in terms of de-repression of “normal” genes, the following questions might be
asked:

Does the initiation of the “cancerous state” involve the “normal mother cell”
acquiring “oogonium-like properties”? At the present time some expressions by
cancers of sperm-germinal cell-specific antigens are documented (Simpson et
al, 2005). But changes in expression of oogenesis-related genes have not been
reported. Next, could there be an element of “meiotic” eventsin cancer? Further,
could cancer begin with a triggering of the cytoplasmic factors normally found
only in eggs which lead to embryonic-type growth?

Some further ideas may spring from this. Could the greater transplantability
of tumour cells (chapter 4) be related to the greater transplantability of gametes
and embryos in comparison with other adult tissues? Thus embryo transplants
between members of the same species and even between species are possible.
These extensions of Hansemann’s thoughts have rarely been considered in re-
lation to tumours in this way. Perhaps these questions deserve some modern
investigation.

Further analysis of de-differentiation and numbers of chromosomes
in tumour cells

Involving “differentiation” in the analysis of tumours created even more diffi-
culties for Hansemann’s theory than are mentioned above. In fact they added to
the complexity which was to overwhelm his chromosomal concept of the patho-
genesis of tumours. Our speculation as to why he involved “differentiation” atall
was presented in the previous section. It is clear that Hansemann thought he had
discovered the mechanism of the “normal” loss of chromosomes; Weismann had
implied that this occurs in normal embryological differentiation. Hansemann in
fact went further than Weismann by suggesting that there are successive “phases”
of differentiation, each triggered by an asymmetric division of a cell from the
previous phase (see above).

What now follows is an analysis of Hansemann’s probable further thoughts
on the problems in his theory at this point, although we recognise that nowhere
did he express himself as succinctly as we do for him now.

After asymmetric mitosis, Hansemann was not certain which of the two
daughter cells is the tumourous one (Hansemann 1891c, 1904c, 1904q). On the
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one hand,if “differentiation” occurs with loss of chromosomes, then “de-differen-
tiation” should occur with gain of chromosomes. This would indicate that the
larger cells are the tumourous ones (see above). However, according to his idea
that “balances of chromosomes are necessary for viability” the larger cells should
die. On the other hand, however, the fact that the egg has fewer chromosomes
and has less differentiation (according to Hansemann) than the normal tissue
cell was difficult to reconcile with the oogenic model of anaplasia. Thisis because,
if the egg and the tumour cell are derived according to the same process, it would
follow that the tumourous cells should be the smaller ones. But the smaller cells
are liable to die, and many common epithelial tumours are in fact comprised
mainly of large cells. These issues are major problems for his theory. In his books
(1893c; 18970) Hansemann’s ideas on the question of which particular chromo-
some numbers are important for tumourous conversion became less clear. In
later papers Hansemann (1904c, 1904q) provided a complex solution which at-
tempted to accommodate the idea that neither the large nor the small cells are
permanently viable. In this scheme, only cells with “normochromic” nuclei (with
a “balance of chromosomes”) could be viable in the long term. Hansemann sug-
gested that the large cells might undergo subsequent asymmetric mitoses. The
smaller of the daughter cells from this second asymmetric mitosis might have a
normal total number of chromosomes, although the numbers of particular chro-
mosome types would be abnormal. These cells, Hansemann speculated, are the
on-going tumourous cells.

The answer to this problem came in the middle of the twentieth century,
when it was found that most of the “permanent” cancer cell lines which have
ever been obtained and are held in the American Type Culture Collection® have
excess numbers of chromosomes per nucleus (i.e. are “hyperploid”). Thus, the
large cellsin most tumour types are probably the viable ones; certain “imbalances
of chromosomes” affect the physiology and morphology of tumour cells, but not
necessarily their viability.

Later modifications to the detail of the theories

The first new problem with Hansemann’s theory after 1890 was that ejections of
polar bodies during oogenesis were found not to have anything to do with “dif-
ferentiation” but to be simply discards of surplus haploid sets of chromosomes
during the reduction divisions in oogenesis. Because of this, and especially in
view of the other problems of the oogenic model (see above), Hansemann was
forced to change his views in some ways. Although he introduced “anaplasia” as

(i) a“normal process” which might be manifest in oogenesis (above),
he later defined anaplasia as

(ii) the abnormal process which leads to tumours.
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This, however, initially at least, would have meant that the “de-differentiation
leading to tumours” is “abnormal anaplasia™; Hansemann then described ana-
plasia as

(iii) the effects on the cell of the process of abnormal de-differentiationand later

(iv) “de-differentiation” plus “loss of capacity for independent existence” (oc-
curring in the one cell at the one time) and finally

(v) inlater papers, “de-specialisation” of the cells of adult tissues.

Especially the distinction between “anaplasia” as a process (by which two phe-
nomena become associated), and “anaplasia” as the simple association itself
(ignoring the putative underlying process), became necessary because the pro-
posed process, which he suggested causes it (abnormalities of chromosomes by
the known mechanisms in oogenesis), became untenable.

As time passed, and as Wolff (1907, pp 404-5) noted, Hansemann decided
to defend mainly his notion of “anaplasia”. For example, in his later volume
“The Diagnosis of Malignant Tumours” (18970) he defended his view of the
chromosomal basis of neoplastic change to only a slight degree. Hansemann
seems to have retreated somewhat from the chromosomal biology of tumours;
he did not publish any further original studies of the topic. In later years, he
seems to have relied on changes of definition, which some might consider a
“philosophical” activity.

Further modifications of Hansemann’s views can be understood from his
writings up to 1920 as follows. We stress, however, that Hansemann never con-
solidated his opinions in this precise way. Also, unfortunately, Hansemann was
not always clear whether he meant “anaplasia” to be the initial event of tumour
formation, or the process set in train by this initial event, or indeed, the morpho-
logical consequences of the process. Here in summary are Hansemann’s later
views:

(i) Anaplasiais a process causing genomic alteration in a normal cell. It deter-
mines the morphology and behaviour of the tumour cells which derive from
the altered normal cell

(i) Anaplasia can have delayed morphological effects. That is to say, the event
which begins the “anaplastic” change, and the early anaplastic changes
themselves, can leave the original cell (Urtumorzelle) morphologically un-
changed.

(iii) The primary “anaplastic” change may be a change of chromosomes, but
also may be too subtle to produce morphological abnormalities in the cell
at all. When second changes occur to produce the tumour, perhaps due to
growth stimulants, further chromosomal abnormalities may occur to inflict
new characteristics on the cell.
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(iv) The anaplastic change can vary quantitatively from case to case of the same
tumour type.

(v) The mechanisms by which known carcinogens (e.g. paraffin, aniline dyes,
irradiation) might cause anaplasia were unknown (in Hansemann’s time).

Hansemann on mitoses and chromosomes in general

When analysing Hansemann’s contributions to this field it can be observed that
his techniques for examining mitoses microscopically (see especially “Studies....”
1893c) are very precise, and worth noting today by anyone interested in this
particular area.

Hansemann’s first work documented the location and appearances of mitoses
and chromosomes in normal and pathological human epidermis (1891h), as well
as their presence in carcinomas (see below). Perhaps nowadays, his later de-
scriptions of the cell-type specificity of mitotic appearances (1893c; 1894i) seem
excessively detailed, but at the time, this was new information. In the 1890s,
Hansemann probably hoped that these mitotic differences between cell types
might provide a basis for tissue-specific differences in the chromosomal compo-
sition of the nuclei according to the theory of differentiation he espoused in his
book (1893c). It is now known of course that there is no tissue-specific distribu-
tion of chromosomes in cells during embryonic development. This is because it
has been shown possible to “clone” whole animals from adult cells (for example,
of a sheep —“Dolly” — from a mammary gland cell)? and because DNA analyses
specifying an individual are the same whatever cell type (squamous epithelium
of mouth, leukocyte, hair cell etc) in the individual is studied.

Nevertheless, the fact that differences in histological appearances of mitoses
according to cell type are known at all underlines our current lack of knowledge
of the exact events in the formation and movement of chromosomes in mitosis.
The usual methods of fixation and embedding of samples for electron microscopy
are physico-chemically so harsh that the structure of the chromosomes, and the
morphology of the attachments of the centromeres to the spindles,do not survive
such processing. Current studies with fluorescent-labelled proteins give an indi-
cation as to which macromolecules are associated with each intracellular event,
but do not illuminate the exact relationship which the structures identifiable by
light microscopy have to each other.

Currently (in 2006), most biologists would probably consider that the cell-
type-related differences in mitoses, which Hansemann documented, are related
todifferencesin the cytoplasmic milieu in which the chromosomes replicate, form
and separate. Nevertheless there is one broader issue here. Cell-type-specific
differences in mitoses might result in different susceptibilities of the “target cells”
to carcinogens which act on chromatin during cell replication. From this might
be explained the different cell-type-specific susceptibilities to tumours where all
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cells are presumably equally exposed to carcinogens. For example, tumours of
fibrocytes are commoner than tumours of skeletal muscle cells, although both
are presumably exposed to similar doses of carcinogens. To our knowledge, this
issue has been little discussed in the literature.

Hansemann on abnormal mitoses and chromosomes in pathological cells

From his studies of mitoses in normal and injured or inflamed tissues, Hanse-
mann was able to distinguish the abnormalities of chromosomes which arise
from non-specific injury to a cell while it is undergoing mitosis from the abnor-
malities of chromosomes which are associated with an abnormal mitosis in an
otherwise healthy cell. In particular, in “On pathological mitoses” (1891a— com-
plete translation in chapter 9) Hansemann defended his theory against the view
that abnormalities of mitoses in tumour cells are not due to a cancer-associated
change in the mitoticapparatus at all, but are simply part of general cellular dam-
age. Other authors, for example Ribbert and Lubarsch (see chapter 6), did not
seem to think that this distinction was possible. Hansemann (18970), however,
provided the counter argument to the idea that all abnormal mitoses in tumour
cells occur only in degenerate tumour cells: he pointed out that cancer cells go on
proliferating and producing further asymmetric mitoses indefinitely (and hence
hyperchromatic and hypochromatic nuclei), even in metastases. It was unlikely,
he thought, that conventional “damage” to cells would permit them to grow
excessively at all; the effects would not be evident in subsequent generations
deriving from survivors of the damage without alteration of inherited material
(usually a mutation). Thus whatever may have caused the initial lesion cannot
any longer be operative (in the metastases) — thus the tendency to asymmetric
mitosis is part of the inherited morphological/behavioural abnormality in the
cells of the cancer. All this was implicit in, and can be deduced from, Hanse-
mann’s writings dealing with hyperchromatism (especially 1891c, 1893c, 18970,
1904c¢, 1904q), although it was perhaps presented less clearly at the time.
Hansemann’s findings on pathological mitoses have never been disputed
since. On the contrary they have always been confirmed (Ludford, 1925, 1930a,
1930c, 1930c, 1934; Levine 1931; Koller, 1957). Experimentally, Lea (1962) noted
that irradiated cells suffered a tendency to further mitotic abnormalities and
that, although the most severely affected cells tended to die out with successive
mitoses,some cells with apparently minor chromosomal changes could persist ap-
parently indefinitely. Similar events were found to occur with alkylating agents®
(reviewed Bignold,2006). The mechanisms and significance of aneuploidy is still
a major issue in tumour cell biology (Biichner, 1985; Epstein, 1986; Sandberg,
1990; Pathak and Multani, 2005). It can also be noted that “clastogenesis” is used
to refer to the onset of mitotic abnormalities. “Aneuploidy”, however, refers to
the fact of abnormal numbers of chromosomes in cells, whether constant in de-
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gree in an individual cell line, or — with time — variable and progressive in a cell
line. “Chromosomal instability” is used for the latter of these two phenomena;
“mitotic catastrophe” (Castedo et al,2004) denotes the latter when it runs a rapid
course ending with death of the cell line.

Another of Hansemann’s insights, indeed perhaps the most overlooked, is
the constancy of asymmetric mitosis in many types of malignant tumours. For
many common malignant tumours, such as adenocarcinomas of the stomach,
colon and lung, all cases of the cell type show nuclear pleomorphism, that is to
say, the nuclei of the individual tumours vary in size and avidity for stains; the
average nucleus is larger and equally — or more — “stain-avid” (“chromatic”) than
the corresponding normal nucleus. These are in turn due to nucleus-to-nucleus
variation in the chromatin content; the latter, on average, increased. The bases
of these variations could be either (i) asymmetric division, with selective death
of the daughter cells with the smaller number of chromosomes, (ii) complete
mitosis not followed by nuclear division but loss of some chromosomes, or (iii)
partial replication of some chromosomes (“partial mitosis”) without nuclear
division. “Partial mitosis” (some of the chromosomes being duplicated, but not
others in a mitotic figure) of a nucleus is never seen, so Hansemann was correct
in asserting that either asymmetric division or complete replication with failed
nuclear division and partial loss of chromosomes are the possible mechanisms.
It can be accepted, on the basis of simplicity, that asymmetric mitoses are likely
to be the commonest mechanism of aneuploidy.

In relation to chromosomal instability and “tumour progression”, it is worth
noting here that Hansemann documented greater abnormalities of mitoses oc-
curring with progressively increasing morphological abnormality of cancer cells,
and that the reverse never occurs (1893c). While most authors considered this
to indicate that both the behaviour of the cells and the mitotic processes were
being adversely affected at the same time by some undefined “neoplastic pro-
cess, or “deeper disorder” (Israel, 1902), the idea that the greater chromoso-
mal abnormalities cause the greater degrees of cellular dysfunction was promul-
gated by Hansemann. This observation was revived in the 1970s, especially by
Ohno (1971), Nowell (1976) and Fidler (1986) (see also Bignold, 2002, 2003a,
2003b, 2004). What may be of particular interest is that in chronic myelogenous
leukaemia, where a chromosomal lesion is known to initiate the process, the
progression of the disease (“blast transformation”) is associated with further
chromosomal abnormalities, although a consistent chromosomal lesion for this
“blastic” change has not yet been identified.

Finally there is the argument as to whether or not asymmetric mitoses occur
in sarcomas as well as carcinomas (Hansemann, 1892a; 1893c). Now (in 2006),
it seems to be of no great importance; it is difficult to understand why so much
was written on the subject. The problem may have been that the diagnostic dis-
tinction of sarcoma from carcinoma was an issue because of Virchow’s idea that
both types of tumour come from the one type of connective tissue cell, and are
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therefore likely to be similar. If no asymmetric mitoses occur in sarcomas, then
perhaps they would more likely be different from carcinomas than otherwise.
Another possible significance of the argument may have been that if the same
biological changes (of malignancy) occur in a tumour type without asymmetric
mitoses, then perhaps asymmetric mitoses are less likely to be universally impor-
tant for malignancy. In fact, Hansemann’s early statement that sarcomas were
not known to contain asymmetric mitoses was against the general application of
his own theory concerning the involvement of chromosomes. Was this the perfect
scientist, able to argue against himself? Hansemann does not tell us exactly why
this issue was so important to him.

Hauptplasmen and Nebenplasmen

In the article (1890a) and in “Studies ...” (1893c), Hansemann offered the idea
that Weismann’s plasmas might be of two types. Thus to explain events such as
metaplasia (the change of morphology in a local cell type, for example, of mucus-
producing cells into squamous cells of the bronchi) Hansemann suggested that
the “plasmas” controlling the morphology of the cell (i.e. its phenotype) might
be considered Hauptplasmen/“main plasmas”, while those for the latent other
morphology might be considered Nebenplasmen/“auxiliary plasmas”. While this
notion has some obvious similarity to concepts of gene activation and suppres-
sion, Hansemann did not develop the idea any further. In the context of Hertwig’s
and Négeli’s widely-known theories of activation and suppression of hereditary
elements to account for developmental changes in animals and plants (which
were referred to by Hansemann), Hansemann’s sub-classification of “plasmas”
does not seem very original. His Hauptplasmen and Nebenplasmen were per-
haps an attempt to provide a synthesis of Hertwig’s and Négeli’s ideas of the
functioning of the hereditary units with Weismann’s ideas and terminology.

Of course all these ideas could not be put into perspective until (i) Mendelian
genetics was rediscovered (in the 1900s), and (ii) the chemical nature of genetic
material (i.e. DNA) was established in the 1950s.

The problem of excessive growth of tumour cells

In the article (1890a) Hansemann attempted to invoke simple “change of phase”
in a cell as a source of stimulus to excessive growth in tumour cells. He cited Vir-
chow to support this. Thus, whatever the change was, the daughter cells were sup-
posed to grow more quickly. Once he introduced the concept of “de-differentia-
tion” however, growth became a problem. Thus,for embryonal de-differentiation
and adult-tissue-type de-differentiation it could be accepted that the resulting
cells would undergo more mitoses. However, in the oogenic model the resulting
cell (the egg) has no proliferative capacity at all; therefore the applicability of the
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oogenic model to tumours was reduced even further than it had been by other
problems (see above).

Thus one of the ironies of Hansemann’s effort was that his concept of “anapla-
sia” cannot account for the excessive growth of tumours, but his postulated
chromosomal mechanism can. Hansemann himself had suggested that “genetic
units” may be inactive in some circumstances and “come to the fore” in others
(see previous section). However, he remained convinced of Weismann’s idea of
progressive genetic loss in tissue development, and could not fully accept the
Hertwig/Nageli view that all changes of morphology in normal development are
due to alterations in activity of genes.

The modern era probably began when Morgan demonstrated that some genes
affect the activity of other genes (“modifier genes”—Morgan et al, 1915). We now
know that mechanisms of excess growth can include loss of “tumour suppressor”
genes (as in retinoblastoma) and also simple increase in the number (“amplifi-
cation”) of “copies” of growth-factor genes. One asymmetric mitosis in a cell
line might occasionally produce cells which have gained copies of growth factors
genes, or alternatively, two consecutive asymmetric mitoses might produce a cell
which has lost both copies of a tumour suppressor gene. Both mechanisms are
currently regarded as probably relevant to tumour types.

We also know now that most of the “growth factor genes” which are over-
expressed in tumours, by comparison with adjacent normal adult tissues, are
in fact, highly expressed in embryonic tissues, although not necessarily in the
embryonic precursor of the adult cell type from which the tumour arises in the
adult. Thus, in relation to the de-repression of embryonic growth-factor genes as
the basis of tumours, it seems that in most cases “any embryonic growth factor
will do” (see Bignold,2005). Excessive growth in tumour cells may therefore be
amuch simpler phenomenon than the “embryonalist theoreticians” (such as Fol,
Cohnheim and especially Hansemann) seem to have expected.

The application of anaplasia and de-differentiation to the diagnosis
of malignant tumours

Hansemann’s first contribution to tumour histopathology was to incorporate
his observation that hyper- and hypochromatism of nuclei have their origin in
asymmetric mitoses. In addition to this he asserted that because such asymmetric
mitoses are uncommon in non-tumourous diseases, these nuclear changes are
per se of diagnostic value. As Hansemann stated (18970), while small numbers
of atypical nuclei can be seen in non-neoplastic conditions, large numbers of
such nuclei, especially if uniformly spread through the biopsy tissue, indicate
malignancy. Thus the entire discipline of “diagnostic cytology” could begin.
Hansemann’s second contribution concerned the application of the “differen-
tiation” to the terminology and classification of tumours. As Hansemann pointed

86



Hansemann’s philosophy

out in the early 1890s, there was no consistent terminology among histopathol-
ogists for the nomenclature of tumours. Terms such as “cancroid” were applied
to “cancer-like” lesions, mainly of squamous type. The problem which most au-
thors tried to avoid is that many cases of tumour have different appearances in
different areas (intra-tumoural morphological heterogeneity). Thus, in the skin,
a tumour may have areas of “cancroid” and of “round cell carcinoma”. A very
illuminating paper on this matter is Virchow’s (1888) article “On the Diagnosis
and Prognosis of malignant tumours”. Here, Virchow was forced to refer to such
lesions as “mixed tumours”.

Hansemann’s observation that the degree of manifestation (i.e. de-differen-
tiation) of an underlying tumourous process (i.e. anaplasia) can be more severe
in metastases than in the original tumour, and can in fact vary from area to
area in either the original tumour or the metastasis, greatly simplified the prob-
lem of “mixed tumours”. If most areas in a “round cell” malignant lesion could
be considered “markedly de-differentiated”/ “of high anaplasia”, then finding
an area of “less de-differentiation”/ “low anaplasia” would still allow a single
diagnosis to apply to the whole lesion. Thus “mixed round cell carcinoma and
cancroid” could then become “squamous cell carcinoma with well- and poorly-
differentiated areas”. Hansemann’s view, as expressed in “The Microscopic Di-
agnosis ...”7 (18970/1902) and in the “Atlas ...” (1910k), has become standard
opinion among diagnostic histopathologists from that time. Academic patholo-
gists, however, have generally ignored this fundamental aspect of tumour biol-
ogy —that individual tumours can vary considerably from area to area— and along
with that, have not discussed any possibility that it might be of any theoretical
significance. This can be seen in textbooks of “general pathology” throughout
the twentieth century, from Adami (1908) to Robbins and Cotran (2004). Aca-
demic texts have almost always repeated lists of “theories of tumour formation”,
“classifications of tumours” and “characteristics of tumour cells” and have rarely
emphasised area-to-area variation in tumours, or how it might be explained.

Hansemann’s philosophy

It is clear that there are several strands of German philosophy in Hansemann’s
various works. The first of these was the rationalist and mechanist approach to bi-
ological science which —in the late nineteenth century — was the dominant mode
of thought for German Natural Science (Naturwissenschaft). Thus Hansemann’s
accounts, both of the theory of the derivation of “adult” cell types from earlier
embryonal cell types and of the development of cancer cells from normal adult
cells, are completely in accord with this tradition. Although Hansemann’s views
on these matters were opposed to Virchow’s, the weight of scientific evidence
made Hansemann’s views undeniable by the 1890s. Further Hansemann’s hy-
potheses concerning the role of abnormal chromosomes in cancer, as expressed
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from his first article on the topic (1890 — complete translation in chapter 7) to his
last (1920 — abstract in chapter 12), were consistently rational and mechanistic.

However, “altruism” demonstrated a different philosophical approach.
Hansemann sought to describe a particular and all-embracing phenomenon of
cells, and applied a concept which had originated in sociology (chapter 2). For
this there were many precedents. Several “biologistic-sociological” theories were
popular at the time, especially those of Haeckel and Herbert Spencer (see chap-
ter 2). Perhaps more significant, however, was the “biologistic sociology” which
Virchow had included in his “philosophy of pathology” (chapter 2). Specifically,
Virchow had asserted that the different behaviours of the types of cells — and
especially their metabolism — occur in a mutually cooperative manner, which
human societies could take as a model.

Perhaps a more complete examination of Virchow’s and Hansemann’s per-
sonal papers (not available to us) might shed more light on the matter, but the
facts already clearly suggest a strong influence of this aspect of Virchow’s “phi-
losophy of pathology” on Hansemann’s. The supposition here is based on the
fact that the term “altruism” was only invented (by Comte) in the 1840s, and
only discussed in detail by authors such as Spencer two decades later. By this
time (1860s), Virchow had abandoned further development of his “philosophy
of pathology”. There is an obvious closeness between (i) Virchow’s use of “co-
operativeness” among individuals in a society and (ii) Hansemann’s emphasis
on the “altruism” of the individuals in the society which makes such cooperation
more likely and thus enhances the success of the society as a whole.

By way of further background, Hansemann may have developed the idea
of the applicability of “altruism” to cells from the contemporaneous work by
many authors on cell turnover (which had been postulated by Goodsir, chap-
ter 3) and on cell function. When Hansemann began his career, the relationships
of both these matters to the phenomena of mitosis (chapter 4) could be studied.
Thus early histologists had seen the layers of cells in epithelium and they had
guessed that the basal cells give rise constantly to the upper layers which are
ultimately shed. However, not until (i) mitosis was established as the mechanism
of cell reproduction and (ii) the location of mitoses was shown to occur almost
exclusively in the lower layers of such tissues, could the whole concept of physi-
ological turnover of cells be proven. For this reason, Hansemann’s work (1891)
on the distribution of mitoses in the normal human epidermis was significant.
The current classification of tissues into “labile”, “stable” and “permanent” was
only promulgated in the mid 1890s (Bizzozero, 1894).

It is clearly an “altruistic” type of behaviour for a layer of cells (e.g. in the
epidermis) to produce daughter cells which sacrifice themselves for the good of
the organism just as much as it is for an entire cell type to serve the general good
without sacrifice of cell life (e.g. adrenal cortical cells). Hansemann could easily
have been led by his reading of Spencer’s “biological altruism” (chapter 2) to
“altruism” as a catch-all for both phenomena.

88



Hansemann’s philosophy

Thus it is possible that Hansemann may have simply modified Virchow’s
“philosophy of cell cooperation” by using the “updated”social concepts of Comte
and Spencer to arrive at a “philosophy of cell altruism”.

“Anaplasia”, philosophically, may be another matter. In 1890 Hansemann
invented this concept of cancer in a strictly rationalist/mechanist mode. His
concepts were in accordance with contemporaneous and strictly scientifically-
derived ideas of the functions of chromosomes in cells. After 1892, when the
falsity of some of those ideas was exposed (i.e. Weismann revoking his — Weis-
mann’s — theory of chromosomal mechanisms of differentiation), Hansemann
underwent a change in mode of contemplation (Betrachtungsweise). This change
was not towards any “metaphysicalism” (which would have required an invok-
ing of “forces” or “vitalism” or some similar concept) but was rather towards
abstractionism. This path of advance seems to have been strongly modelled on
Germanic philosophical traditions.

All this becomes clear by careful examination of Hansemann’s “Studies ...”
(1893c¢). A conventional rationalist/mechanist title of the book would have been
“Mitoses in tumour cells: their possible morphological and physiological signifi-
cance and consequences”. However, Hansemann subdivided the overall discus-
sion of tumour phenomena into three “conceptual niches” or abstract entities
viz: — “Specificity”, “Altruism” and “Anaplasia”. These subsections contain the
following material:

(1) “Specificity” of cells is expanded beyond ideas of embryonal development
and lineage commitment (c.f. Bard, see chapter 3) to include concepts of
specificity of mitotic appearances and location compatibility.

(i) “Altruism” (derived from sociology — see above) was used by Hansemann
to include not only simple interdependence in the functions of cells, but
as well, wider functional effects which are now recognized as mechanisms
in endocrinology. Ideas which now might be considered “autocrine” and/or
“paracrine” or even endocrine are foreshadowed in this section.

(iii) “Anaplasia”, in which Hansemann indicated the concept as an association
of functional and morphological abnormalities. While this section seems to
construct a kind of “cognitive niche”, its drawing of attention to an associ-
ation of biological phenomena in the one cell at the same time had some
rationalist/mechanist basis. Scientifically-confirmed associations of events
are not philosophical concepts, but on the contrary, are facts to be explained.
Here,however, Hansemann stated that particular association of cellular ab-
normalities exist, and that some associations are cell-type-of-origin specific.
These associations form the basis for interpretation of the histopatholog-
ical features of malignant tumours, on which diagnoses can be made (see
above).
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In later works, Hansemann defended his idea of “Anaplasia” in the abstract
mode of contemplation (Betrachtungsweise). Rarely did Hansemann return to
specifically rational/mechanistic considerations of the possible biological basis
for the association of abnormal phenomena in the cancer cell (chapter 12).

Only on “altruism” and “anaplasia” were Hansemann'’s thoughts overly ab-
stract (by current standards). Hansemann’s “The Microscopic Diagnosis ...”
(18970/1902h) is strictly rational and mechanistic. Even in works dealing with
philosophical matters (Hansemann, 1909f, 1912f) he did not invent any new ab-
stractions. Overall these works have a rational and modern general medical the-
oretical outlook.

Notes to chapter 5§

1 See “Notes on the Works and Translations”.

2 Hertwig (1890) gives an account of parthenogenesis as understood in Hansemann’s time. The same
work can be consulted for a discussion of the “differentiation” of the egg. The molecular biology
of parthenogenesis is still not clearly understood (Parrington and Coward, 2003).

3 The AmericanType Culture Collection (ATCC) was established in 1925 as a non-profit organisation
to establish and maintain a central collection of microorganisms that would serve scientists all over
the world. It has also collected animal cell lines. Currently holds nearly 1,000 tumour cell lines,
many of which are listed with their karyotypes.

Reference: www.atcc.org

4 In point of fact Hansemann failed to find a suitable word for his speculative de-differentiation-
associated process (entdifferenzierungshaften Prozess) which, unlike other de-differentiations but
possibly modelled on oogenesis, leads to tumours. Initially, he meant that the fundamental process
of tumour formation is normal oogenesis occurring in inappropriate cells; that is to say, non-egg
precursors. Later, when the oogenic association became untenable, he may have thought it possible
that the tumourigenic process is an abnormal oogenic process arising in non-egg-precursor cells. For
that concept he could not use “caco-differentiation” because that would have been confusing since
Lobstein had already used “cacoplasia” (chapter 4); it would have carried an insufficiently precise
meaning anyway. Even “dysde-differentiation” would not convey the idea, and “dysanaplasia”
would not be euphonious.

5 “Dolly”, the name given to the first cloned mammal (a sheep) raised by Wilmut and co-workers
(1997).The initiation of embryogenesis from a somatic cell nucleus requires (i) that the nucleus
be inserted into a “ripe” ovum of the same species, and (ii) unphysiological stimuli, such as electric
current, which perhaps act in some way similar to that of the stimuli required for the induction of
parthenogenesis in animals such as frogs (note? above).

6 Alkylating agents are derived from mustard gases, and have cytotoxic, clastogenic, mutagenic and
carcinogenic properties even in very low doses. As for carcinogens, the structure-effect relationships
have not been established at the present time (see Bignold, 2006).
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Chapter 6

Critics, reviewers, the forgetting of Hansemann,
and what might have been

Introduction

Hansemann’s theories tried to encompass a large number of different ideas which
were then under consideration by biologists and pathologists concerning the na-
ture of cancer. Foremost were ideas related to the details of the biological features
which cancer cells exhibit: especially excessive and uncontrolled growth; loss of
specialised activity; as well as invasion and metastasis etc. The second group of
ideas concerned the conceptual role of embryological and other normal biolog-
ical processes in cancer; particularly in relation to specificity of developmental
cell lineages. In addition Hansemann was concerned with the significance of the
abnormalities of mitotic figures and chromosomes in tumour cells.

Nevertheless the comprehensiveness of Hansemann’s theory did not protect
it from thorough critical review by other authors of the time. It was, after all, put
forward within a culture which cultivated vigor of debate as well as of intellect
and expression.

Some contemporaneous critics, however, vigorously attacked the detail of
Hansemann’s ideas, while others attempted to discount the main thrust, which
was: altered chromosomes can cause altered cell morphology and function.

Ribbert and the theory of “control by connective tissue”

Hansemann’s most constant critic was probably Ribbert (1855-1920)! who was
the first into print, and perhaps the most persistent in the arguments which he ad-
vanced. Ribbert published his criticisms of Hansemann’s ideas in three separate
papers in 1890 (listed in Hansemann, 1892a), and in many subsequent articles.
Quite early on, the dispute seems to have acquired a personal component. Nev-
ertheless,in his book (1911) Ribbert was notably courteous in tone and relatively
even-handed in his comments on Hansemann’s ideas.

Ribbert’s own theories (Bashford, 1905; Wolff, 1907; Ribbert, 1911; Beattie
and Dickson, 1921) amounted to complicated variations on Virchow’s theory of
cancer which favoured a critical role for connective tissue cells in cancer for-
mation. These versions became necessary when the lineage specificity of most
types of tumours, especially carcinomas from epithelia and sarcomas from con-
nective tissue cells, became irrefutable (see chapters 3 and 5). Perhaps Ribbert
was attempting to preserve Virchow’s discredited “connective tissue theory” of
cancer by suggesting that the original cancerous change occurs in connective
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tissue cells, and that these cells then exert a “controlling influence” on the ep-
ithelial cells which are seen to be cancerous. Some residues of this idea are still
published as “epithelio-mesenchymal interactions” (see Bignold 2003c), but are
not widely popular today. Hansemann consistently expressed the currently most
popular opinion which is that cancerous abnormality lies in the “parenchymal
cell of the tumour”, not in the “stromal cell of the tumour”.

Lubarsch

Lubarsch? (1860-1933) was a notable writer on pathology, and produced many
texts both for undergraduates and post-graduates. His theory that the basis of
tumours is an “alloplasia” appears to have been substantially derived from Vir-
chow’s concepts of a role for metaplasia in cancer. In this way, he was perhaps
a professional competitor of Hansemann. Considerable friction developed be-
tween them. The first dispute apparently began in 1895, and concerned the na-
ture of kidney tumours (Lubarsch, 1902a). In the course of this article, Lubarsch
(1902a) indicated that Hansemann (i) had attacked him unjustifiably, (ii) ei-
ther had not read the works Lubarsch’s works referred to, or had done so only
sketchily, and (iii) had behaved in an ungentlemanly fashion.

Lubarsch (1902a) claimed that after September 1895 at the Nature Research-
ers’ meeting in Liibeck, there was improper quoting and crediting of opinions
concerning the nature of hypernephroid kidney tumours in relation to endothe-
liomas (Hansemann 1896b; 18970;1901b). A particular point was the distinction
between myoliposarcoma and hypernephroid carcinoma of the kidney.

Lubarsch (1902a) wrote in the second paragraph: “Hansemann reproaches
me because in respect of a personal demonstration and data which he had given
me privately, that I had made this the object of quite unequivocal public criticism,
and that therefore he has to regret ever having offered me such trust — a more
incorrect representation is not easily possible”.

Lubarsch (1902a) also objected to Hansemann’s quotation of Lubarsch’s
views on significance of glycogen for this diagnosis of hypernephroid tumours.
Hansemann apparently also ignored Lubarsch’s work on new stains for glycogen
in tumours, and did it in an insulting way.

“In this kind of judgement of the relevant literature, it can come as no surprise that Mr von
Hansemann, in his more pedagogic “Lecture on Tumours of the Kidney”, does not mention
a type of new formation which is not at all infrequent and which I myself described first
of all in a much-cited work ... and he seems to have read Manasse’s work supporting my
view with the same thoroughness as he has read mine .... I do not need to remark further
on Mr von Hansemann’ s use of the scientific works of other researchers for his pedagogic
lectures”.

Further friction between Hansemann and Lubarsch apparently flared at a meet-
ing of the Committee for Cancer Research in March of 1902.The published report
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of the meeting (Anon, 1902) does not give details of the altercation which ap-
parently took place. However, Lubarsch apparently particularly objected to any
process (of which “anaplasia” was the example in question) which might begin
in a histologically normal cell and give rise after some delay to actual, recognis-
able cancer cells (see chapter 5). He also believed that no cancer-related mitotic
abnormalities occur at all. The section in Lubarsch (1902a) reads as follows:

“And finally, Hansemann’s theory of the anaplasia of cells could well use a cancer-arousing
stimulus for completion, in that it would be this which makes the cells anaplastic. In a word,
it could appear as if the parasite theory would open to us a deeper insight into the nature
of malignant new formations than any other theory. Therefore, von Leyden also calls it a
“biological theory” and opposes it to the “cellular” or “histogenetic” idea of Ribbert and von
Hansemann. But in my opinion, unjustifiably. Specifically, Ribbert’s and Hansemann’s theo-
ries earn the name “biological”, because just as much as Cohnheim’s, they make the serious
attempt to explain biologically the essence of malignant new formations too.They are at the
very least pathogenetic, and decisively aetiological theories. Ribbert has always emphasised
this, all his arguments reach their peak in explaining the phenomena of tumour formation
from the normal laws of growth. If Hansemann repeatedly, and recently with particular ref-
erence to me, emphasises that his theory is only a histogenetic one, then I regret that he
himself diminishes the great merits which he has gained for himself with his arguments con-
cerning anaplasia. If his theory were really histogenetic, it would mean that every carcinoma
is descended from an anaplastic epithelium, and then — from the histological standpoint —
it would be scarcely discussable at all because it is quite unproved and unprovable that
the epithelium, from which even a strongly anaplastic cancer proceeds, could be anaplastic.
Anaplasia should make us understand the nature of destructive new formation; therewith
the theory is at least already a patho- and not a histogenetic one.”

In his “General Pathology” (1905) Lubarsch had a section “Phenomena of dam-
age in self-dividing cells”/Die Schidigungserscheinungen der Zelle beim Abster-
ben. Here, he discussed thickening and clumping of chromosomes, altered stain-
ing, and granularity, and then “Asymmetric mitoses”/Die asymmetrischen Mi-
tosen (paragraph 5, p. 47 of the original):

“Under this heading one understands those mitoses whose daughter stars do not have the
same number of chromosomes (Hansemann), thus hypochromatic forms too can arise in this
way. Asymmetric mitoses have hitherto been found in carcinomas and sarcomas (Fig. 12a)
(Hansemann, Vitalis Miiller, Stroebe, Lubarsch and many others), in adenomas (Lubarsch,
Stroebe), in regenerative growth proliferations in the epidermis of skin (Stroebe), in re-
generation of Salamander epithelia (if the regeneration proceeded under the influence of
diluted anti-pyrin, cocaine and quinine solutions) (Galeotti, Figs 12 b and c). Finally Ranke
has also observed them in Salamander larvae, when they were fully fed after a period of star-
vation (Fig. 13 a,b). In this, the CENTROSOMES too show deviations in that they are often of
DISSIMILAR SIZE, 50 that Galeotti and Lustig assume inequality of the centrosomes to be the
cause of the unequal distribution of the chromatic substance. Asymmetric mitosis is thus a
not-infrequent finding which, in spite of its occurrence under virtually normal circumstances,
must yet be regarded on the whole as an expression of cell damage, because:

1. Not infrequently other degenerative phenomena in the threads are associated with the
asymmetry;
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2.They appear above all when, simultaneously, disintegrative phenomena are present in the
tissues. This is also the case, for example in Reinke’s observations.

Hansemann has doubted Galeotti’s observations and has explained the appearances
pictured as being cut-off parts of normal mitoses; in my opinion, unjustifiably. I have con-
vinced myself of the correctness of Galeotti’s data and have also found asymmetric mitoses
in surface preparations. That applies still more to Reinke’s observations, whose preparations
are exclusively surface preparations from the abdominal skin of the Salamander larvae.”

In the next paragraph (6 of a section “Hyperchromatic and multi-parted mi-
toses”/Die hyperchromatischen und mehrteiligen Mitosen) Lubarsch (1905, p.48)
continued:

“By hyperchromatic mitoses we understand those which possess more chromosomes than
normal. One can divide them into 2-PART AND MULTI-PART (PLURI-POLAR) mitoses. The former
are large forms with many, up to 100 chromosomes, from which hyperchromatic cells arise
“as the daughter cells contain exactly as many chromosomes as the mother cells possessed”
(Hansemann). In the multipart mitoses on the contrary, where one finds three, four, six, or —
according to Hansemann — even 12-20 poles with centrisomes and the spindles belonging
to them, a reduction of the numerous chromosomes takes place, in that the cell divides into
just as many parts as there are centrosomes present.”

Thus Lubarsch differed with Hansemann concerning mainly (i) the possibility of
a pre-tumourous abnormality of “normal-appearing” cells (i.e. pre-tumourous
“anaplasia”), and (ii) the circumstances in abnormal nuclear division and their
interpretation.

The argument concerning what is a “biological theory” and what is not may
perhaps be seen as a dispute existing only at the level of over-abstraction of the
issues; reminiscent of the Ancient Greeks and their philosophical descendants
(chapter 2).

Lubarsch’s other relevant opinion was to support Virchow’s suggestion that
metaplasia is acommon phenomenon. He even reported that osteoblasts can turn
into epithelial cells, which would have pleased Virchow (see chapter 4). He then
introduced “alloplasia” for all metaplastic and related conditions, comprising
“pseudo-metaplasia” (where the cells at the site change their form due to external
conditions, previously called “adaptation” by Virchow, and “accommodation” by
Hansemann) and “true metaplasias”. Lubarsch used “true metaplasias” for the
event in which the cells at a site undergo loss of differentiation (“metaplastic de-
differentiation”) followed immediately by redifferentiation along a path which,
although not usual at the site, is a normal path of differentiation at another site.
An example of this is the squamous metaplasia which can occur in bronchial
epithelium seen associated with chronic bronchitis.
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Borst* was a prominent pathologist, but never worked in Berlin. In his book
(1902) Borst pointed out that Hansemann’s theory does not explain excessive
growth. Borst discussed the aetiology of tumours (pp xii—xiii) under headings
which include the following:

Older views (IRRITATIVE MOMENTS 79a; unique physical trauma. Other types of
mechanical irritations 80; chemical damage. Inflammation, scar formation 80a.
Tumour formation from hyperplasias ... );

bacteria and parasites (including growth relationships and evidence against
from studies of metastases) ... congenital bases (Cohnheim’s theories, hereditary
factors, transplantation experiments etc) ... and ‘Inner Causes’.

In the last, Borst (1902) mentions congenital weakness or excessive strength
of the tissues, local predisposition, abnormal idioplastic predispositions, Hanse-
mann’s and others’ opinions, “blastomatosis”, relation of the nervous system to
growth, and “acquired disposition”.

With respect to Hansemann’s views Borst (1902) stated:

“Most of the authors assume, as noted above, that in blastomatosis, a change in the whole
nature of the cells appears (Hansemann, Hauser, Beneke, Lubarsch and many others). Ac-
cording to this the cells are supposed to gain quite new properties (greater capacity for
independent existence, greater energy for proliferation, ability to exert a destructive effect
on other tissues etc) and to lose other properties (reduction of specific differentiation, weak-
ening or loss of functional capabilities, loss of formative influence etc). How this change in
cell character (“anaplasia”) is attained, has thereto received less attention.

“With the word ‘anaplasia’ Hansemann wishes to say that morphologically and physio-
logically, the cells have become ‘others’; he believes that perhaps asymmetric nuclear division
leads to anaplasia; yet, as it seems, he does not attach any great value to this, as he says that it
is a secondary question as to how ‘anaplasia’ comes about. Anaplasia as such, he thinks, has
nothing to do with aetiology: anaplasia, he thinks, is the expression for the changes which the
cells would have to undergo in order to possess malignant properties;in order,however, for a
malignant tumour to arise, he believes, a further stimulation to proliferation must be added.
If this latter stimulus hits a normal cell, then hyperplasia, in the widest sense of the word,
arises; if it hits an anaplastic cell, then — he thinks — a malignant growth arises. According
to this, the theory of anaplasia applies only to malignant tumours; specifically at this point,
opposition, in my opinion, could begin.”

In 1923, Borst contributed the chapter on tumours to the 6™ edition of Aschoff’s
“Textbook of Pathology”. On pp 655 of that book, Borst gives much credit to
Boveri for a chromosomal theory of cancer. On pp 673 Borst continued:

“In particular experimental tumour research shows us quite clearly that the special properties
of tumour cells consist in a REDUCTION OF BIOCHEMICAL SENSITIVITY (lesser extent of differenti-
ation) and in an intensification of the independent capacity for existence (see below,note 1).
These are precisely the properties which Hansemann wanted to cover with his concept of
Anaplasia; these peculiarities of tumour cells are also intended to be covered by expressions

such as Hauser’s “new races of cells”, Beneke’s “kataplasia”, R. Hertwig’s “return of the cells
from the organotypical to the cytotypical growth”. Whether an INCREASED AVIDITY OF THE TU-
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MOUR CELLS FOR SPECIFIC NOURISHMENT OR GROWTH MATERIALS (EHRLICH) HAS TO BE ACCEPTED
As EHRLICH WISHED CAN BE HELD FOR LATER CONSIDERATION. The aforementioned specific
properties of the tumour cells can now be comprehended as newly-acquired qualities; al-
ternatively, one can more negatively assume that they become apparent by the falling away
of certain inhibitions situated within or outside the cell. In each case, the TUMOUR CELL HAS
BECOME A DIFFERENT ONE VIS A VIS THE NORMAL BODY CELL, AND THIS CHANGE DOES NOT LIE ON
THE NORMAL LINE OF PROGRESS, BUT REPRESENTS RATHER A DERAILMENT FROM THE NORMAL PATH.
THEREFORE, COMPARISON OF TUMOUR CELLS WITH EMBRYONAL CELLS IS QUITE INAPPROPRIATE.”

Thus Borst (1902,1923) expressed Hansemann’s position accurately, but without
detailed or sympathetic analysis. Moreover, Borst failed to note Hansemann’s
priority in suggesting a chromosomal theory of cancer.

0. Israel

Oskar Israel (see chapter 1) was deputy director under Virchow at the Institute of
Pathology. He wrote what was essentially a protest against a published comment
by Hansemann. It was perhaps a little churlish for Hansemann to have attacked
his ideas so vigorously. Perhaps the most important sentence in Israel’s article
(1902) is the enunciation of the view, which was to persist for 60 years, that
chromosomal changes are only the effect,not the cause, of the neoplastic process.
Israel apparently subscribed fully to Virchow’s “chronicirritation” theory. He did
not publish any theory of his own. Here is Israel’s article in full.

Reluctance to become involved in personal polemics when scientific ques-
tions are involved is widespread and so deep seated, that fortunately it is only
seldom set aside; and mostly only when an unusually personal and unjust attack
has taken place. Herr von Hansemann can thank this circumstance for the fact
that he has drawn upon himself such a complete rebuff as that which was ad-
ministered to him recently by Lubarsch?). If now, in similar fashion I overcome
my scruples in order to answer such an attack from von Hansemann, then what
causes me to do this is the factually incorrect representation which von Hanse-
mann gives of our controversy himself, and that the solution to it is not without
scientific interest. Herr von Hansemann’s tone is his affair and is at the very least
dispensable for the factual proceedings; therefore, I do not intend to go into this
any further.

Von Hansemann writes, among other utterances which on account of their
lesser relevance I will not return to again here. In the second edition of his book
“The Microscopic Diagnosis of Malignant Tumours” p. 187: “O. Israel denies
(314) the concept of anaplasia wholly out of disinclination towards any theory.
He asserts that he can give an explanation of tumours without theoretical con-
siderations. Naturally one is very eager to know what he will bring forth. It then
becomes apparent that he ceases his contemplations, as soon as the theory be-
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gins. That is naturally a very simple way of avoiding theories and if everybody
were so sparing in this respect, as O. Israel we should find ourselves on the ideal
foundation of pure facts. But would that satisfy everybody? Not me!”

The number 314 in this quotation refers to my essay which appeared among
the centenary articles of the Berliner klin. Wschr. “On the pathology of disease-
related tumours”?), in part 3 of which I plead for a more consequential treatment
of the tumour theory and as far as possible
1) The diagnosis of adrenal kidney tumours. Remarks on Herr von Hansemann’s essay “On kidney

tumours”. Zeitschr. f. klin. Med. vol. 44, pp 491 ff.
2) Berl. klin. Wochenschr. 1900. Nos 28,29 and 30.

with the methods of phylogenetic transformation. Earlier already von Hanse-
mann referred to this passage in an essay “Concerning the concept and the
essence of anaplasia”), in which he attacks the conclusions of Beneke?).

He writes there: “Into similar error as Beneke, O. Israel falls,who in a recently
published centenary article (Berl. klin. Wschr. 1900 No 28) expresses himself on
the histogenesis of diseased tumours and touches on my hypothesis with the
following words: ‘An anaplasia in the sense of a cytogenetic atavism does not
exist’. Thus, Israel too, like Beneke, presupposes that in anaplasia the cells return
the same way as they took in a forward direction. I reserve the right to return
on another occasion to the other differences of conceptualisation which exist
between Israel and me.”

These two citations contain, as far as my original utterances are confirmed,
a series of errors which I must correct before I discuss what causes me to reject
von Hansemann’s anaplasia at all.

1. Von Hansemann reproaches me for “disinclination towards any theory”
and says 2. that in spite of my assertion of being able to give “an explanation for
tumours without theoretical considerations”, I stop where theory begins.

The passage from which von Hansemann deduces my disinclination towards
theories reads verbatim (op cit): “I prefer to show by one definite example how
safely this mode of contemplation steers us around many a difficult rock which
in this fashion I also avoid in the classroom when I am teaching, WITHOUT RESORT-
ING TO HYPOTHESES AND CIRCUMLOCUTORY THEORIES®)”. My disinclination is only
directed against hypotheses when I am teaching and against circumlocutory the-
ories in general.

How far von Hansemann’s view is justified, namely, that I cease my con-
templations where theory begins, may be determined by those who have read
Parts IV and V of the article in question, either in the original, or who will take
the trouble to read up the theory given there on the histogenesis of carcinoma.
I am of the opinion, however, that I have been successful in my presentation
without hypotheses, and that that which I want to explain is not just simply a
circumlocution.
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I have not, however, in this explanation availed myself of von Hansemann’s
anaplasia for reasons which I will discuss further below. I have certainly used the
word “anaplasia”, which is in itself well formulated (gutgebildet), but with the
express addition “in the sense of a CYTOGENETIC ATAvisM®)”, which I reject, just as
von Hansemann does, as the explanation
D These Archives, vol. 162, p-552.

2) These Archives, vol. 161, p. 70f.
3) Also emphasised in the original.

of malignant tumours. On the other hand, I agree with Beneke! WHO REGARDS THE
WORD “KATAPLASIA” AS MORE SUITABLE FOR WHAT VON HANSEMANN CALLS “ANAPLA-
SIA”. At various places in his publications, von Hansemann speaks of anaplasia
as a theory as well as a hypothesis and, finally, for preference, as a concept. This
absence of clarity in definition renders difficult per se to use “anaplasia” as an
expression for conditions and processes which admit of precise denotation, and
need such when it is a matter of clarification of a pathological process on the
basis of proven conditions. There are two ideas which von Hansemann wishes to
draw together: “THE CELLS HAVE LOST THEIR NORMAL AMOUNT OF DIFFERENTIATION
AND HAVE INCREASED THEIR CAPABILITY FOR INDEPENDENT EXISTENCE” (CITATION
ABOVE, P. 186) AND HE EMPHASISES EXPRESSLY “THAT ANAPLASIA DOES NOT EMBODY A
PURELY MORPHOLOGICAL CONCEPT, BUT ALSO, SIMULTANEOUSLY HAS A PHYSIOLOGICAL
MEANING”.

Here, two things are coordinated which in my opinion do not stand equally
to each other, and this is one of the reasons why von Hansemann’s anaplasia
has not offered us any means for explaining the origin of malignant tumours.
As I discussed recently at the Congress of the German Society for Surgery?, the
heightened reproductive capacity of the covering cells is the essential factor in the
genesis of carcinomatous new formations, which is naturally not possible if the
cells do not nourish themselves sufficiently. Thus both correspond approximately
to what von Hansemann denotes as “increased capacity for independent exis-
tence”, as the independence in carcinomas appears specifically in the descendant
cells. The loss in morphological and physiological (functional) differentiation I
regard correctly as secondary, as I think I have proved. It is the consequence of
the — acquired by adaptation and increased in the course of the hereditary pro-
cess — one-sided completely developed of the reproductive efficiency of the cells,
whose other functions adapt themselves in similar fashion change, are changed
and become partly or wholly lost. The morphological deviations in the cells—in a
large part of their elements —are to be explained by the fact that they do not have
any more function as covering cells. Absence of keratinisation and other phe-
nomena of regular physiological development, changes in form, changes in the
connections of cells between each other (especially evident in carcinomas aris-
ing from glands) etc; all those are circumstances which arise from the conditions
in which the cancerous descendants of the cover cells arise and live. They form
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characteristics of the new formation, but offer no explanation for their origin. It
is not because they are “anaplastic” that epithelial cells make carcinoma; what
makes the cells anaplastic remains unexplained. Therefore, von Hansemann also
emphasises

D cited before, p. 100.
2 Verhandl. d. Deutsch. Ges. f. Chirurgie am 2.Sitzungstag, 1902.

that his theory is not an aetiological one. But histogenesis too cannot clarify
von Hansemann’s anaplasia; it only circumlocutes what we see in carcinoma;
greater independence of the cells which have lost differentiationis indeed a brief
and accurate characterisation but as discussed above, one which is not useful for
the explanation of histogenesis, because it is an inappropriate pulling together
of things which are not of equal rank.

As with anaplasia, when dealing with the essence of malignant tumours,
von Hansemann tries through another word, “altruism”, to surmount the dif-
ficulties of that relationship which was long since denoted as the correlation of
the organs. Von Hansemann writes (citation above, p. 182):

“Here I would also like to remind ourselves of the particular connection be-
tween acromegaly and tumours of the hypophysis. In about 80 per cent of cases
of this remarkable disease one finds tumours of the hypophysis. As far as these
have been histologically examined, they are so made that one can conclude from
them an over function of the organ. These data which I also provided earlier,
were also confirmed by Benda. Marie has doubted whether the cases without
hypophysial tumour are really acromegaly, and I completely agree with this. The
case described by O. Israel is certainly not acromegaly, at least he has remained
guiltless of any proof of this. To the increase in function in the hypophysial tu-
mour, corresponds the altruistic growth of the rest of the body.”

It is exaggerated to say that in 80 per cent of cases of acromegaly hypophysial
tumours are found. Further there is no reason to conclude, for example, in a
sarcoma of the hypophysis that there is an over function of the hypophysis. Thus,
Sternberg!) states that a sarcoma of the hypophysis was always found in cases
of acromegaly which had taken an acute course; “He comes to the only logical
conclusion that if there is a connection, the dissolution of the normal function of
the hypophysis is the cause of the acromegaly, as on the other hand the sarcoma
brings about the total annihilation of the organ, while von Hansemann postu-
lates the opposite, over function. Because Marie doubts whether cases without
hypophysial tumour are really acromegaly, and von Hansemann agrees com-
pletely with that, I am said to be guilty of not giving any proof that my case®
was really acromegaly. Certainly no hypophysial tumour was found but other-
wise all findings came together to justify the clinical diagnosis which Geheimrat
Gerhardt had made with the patient. With the unproven increased function in
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the hypophysial tumour the “altruistic growth of the rest of the body” cannot
have a better basis,

1) Nothnagel’s spec. Path. u. Ther., vol. 7, part II, Acromegaly. Wien, 1897, p. 78.
2) These Archives vol. 164, p. 344.

than with the certain cessation of the unknown function of the hypophysis in
those cases where the organ is reduced in size or completely destroyed by a
“heterogeneous new formation, cysts and similar things”").

I am not, however, able to give a well-founded theory of acromegaly. Cer-
tainly I recently discussed an aetiological theory of carcinoma? namely that the
most various and sufficiently-lengthy injuries, which lead to insignificant discon-
tinuities of the covering cell layers, cause the neighbours of the injured cells to
achieve a one-sided increase in their reproductive capacity as a result of their
permanently-acquired replacing activity; this makes possible a temporally and
spatially excessive number of descendant cells. If the regular resistance on the
part of the connective tissue substance or if this resistance has been reduced
by pathological processes (age, inflammatory and other processes) is unable to
restrain new formation by the cover cells, then the new formation works in a
destructive fashion and finds the possibility to spread itself under the given con-
ditions throughout the whole body. The insults arising from the pushing out of
place of the newly formed cells to the connective tissue and parenchymata of
the organs, and just as much the losses of the newly formed parts themselves by
regressive processes give the causes for the further triggering of cell divisions, for
in this manner preparations of continuity arise in the epithelium (endothelium),
as also in the connective tissue substance, which, just as they do this in the regen-
erative processes, hereto provoke cell divisions. Through its own effects the new
formation is kept going: once the cells which have become particularly efficient
inreproduction by adaptation and hereditary, once they have penetrated into the
basement zone there exists a vicious circle which further intensifies the intensity
and extent of the carcinomatous growth process, under certain circumstances
until the death of the individual.

Through this histogenetic and aetiological theory the circumstances and pro-
cesses are explained, which are drawn together by von Hansemann as anaplasia.
Further research, however, will only be successful if it does not set as its object
the discovery of cancer parasites in particular cancer-stimulating protozoa and
the proof that carcinoma, sarcoma and so on are infectious diseases but on the
contrary if it tries to clarify the mechanism of the biological processes, and in
the individual case, where they have not been established with certainty, those
moments which evoke pathological proliferation at the primary site. This is valid
for all forms of proliferative tumours.

D Vgl. Sternberg, cited above.
2) In press. Archiv f. klin. Chirurgie, vol. 67.”
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Other critics: Beneke, Wolff

Beneke* (1900) took up the debate on the precise nature of the abnormality of
tumour cells, again arguing that “anaplasia”, according to Hansemann’s concept,
in effect does not exist. He asserted that each mitosis represents a return of
the cell to an “embryonal” state, and that in cancer subsequent specialisation
is disordered with a displacement of functional activities by proliferation. He
suggested “kataplasia”as a better descriptive word, but apparently did not discuss
any chromosomal lesion as the basis of this change (Wolff, 1907).

Wolff’s book (1907) has been the major source of reference for the history
of the study of cancer, especially in Germany. We have already noted that this
author did not record Hansemann in the “Index of Names”. Hansemann was
still alive when Wolff wrote his book. He is frequently referred to in the text, as
though Wolff’s readers did not need a guide to Hansemann’s views. On pp 404
and 405 of his book, Wolff (1907) indicates that in “The Diagnosis of Malignant
Tumours”, Hansemann is uncertain of the significance of asymmetric mitoses in
tumour formation (although the edition is not stated). But he does not mention
Hansemann’s idea of other mechanisms of chromosomal damage. Neither does
he attempt any analysis of the issue of cellular heredity.

Boveri’s ideas were similar to Hansemann’s

Theodor Boveri® (1862-1915) has received considerable credit for espousing
“the first” chromosomal theory of cancer. Boveri, who had made magnificent
contributions to the biology of chromosomes in the 1880s, had been conduct-
ing experiments on embryos with a view to contributing to the major issue of
“developmental mechanisms” ( Entwicklungsmechanik — see below). His chosen
method involved shaking embryos of sea urchins and studying the development
of the resulting fragments. However, Boveri’s ideas were not a significant ad-
vance on those of Hansemann. In fact, in many areas, they were simplifications
of von Hansemann’s fully-developed views (Bignold et al, 2006a, 2006b). The
following is an extended account of the matter.

Boveri’s first discussion of cancer came at the end of an article published
in (Boveri, 1902, English translation 1974). He begins with the observation that
sea urchin eggs penetrated by two spermatozoa (“dispermic eggs”) undergo a
tetrapolar mitosis with the formation of four blastomeres, beyond which no de-
velopment takes place beyond formation of blastulae. Cells from the epithelial
layers were seen to enter the interior, but their fate was unknown. Then Boveri
eliminated the possibility that the dispermic eggs were abnormal before fertil-
isation, and showed that if the four blastomeres are separated (in calcium-free
seawater), they develop often into gastrulae. He then discussed how mechanically
shaken dispermic eggs (a method originally described by Morgan) can exhibit
tripolar mitoses, resulting in three blastomeres, of which a considerable percent-
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age develop into plutei, some of the latter being completely normal. Then he
discusses these facts and comes to the conclusion that “These phenomena could
only be explained on the basis of a process which itself is subject to correspond-
ing variability and such a process is presented only in the manner of distribution
of the chromosomes.”

As point 6 in this paper Boveri (1902) addressed the question of whether the
fate of the blastomeres depends on unequal quantitative distribution (of chro-
mosomes) or on different qualities of the individual chromosomes. The simple
quantitative model is disposed of quickly; the model of random assortments of
chromosomes, each having specific qualities, is discussed. The conclusion is that
“a definite combination of chromosomes” is essential for normal development,
and that “the individual chromosomes must possess different qualities”.

Following a discussion of the works of Driesch, Weismann, Hertwig and others
concerning the nuclear-dependent features of embryogenesis, and considering
on what basis the cells which wander into the interior of the abnormal blastu-
lae might be thought of as “tumours”, Boveri began to discuss “the possibility
that multipolar mitosis might, under certain conditions, lead to the development
of tumour-like formations”. He considers that pressure, narcotics and abnor-
mal temperatures might provoke the multipolar mitoses and “the entire causal
sequence of certain tumours”.

In Hansemann’s terms, Boveri suggests tumours develop because multipolar
mitosis occurs in somatic cells of mammals as an abnormality of histogenetic
development. Boveri advances no evidence that multipolar mitosis can occur in
the embryos of higher animals,let alone in their somatic cells, or that such changes
might either occur commonly or uncommonly in such cells. In addition, Boveri
does not mention how these changes could result in the development of cancer
in such cells (i.e. the data discussed by pathologists in response to Hansemann’s
more general suggestions twelve years before).

Boveri’s (1914) book presents an expansion of these basic ideas. In the first
chapter he states that he believes a tumour cell to be one which has lost some
qualities of normal tissue-cells. “In this view I follow entirely the idea which
Hansemann characterised as Anaplasia”. In chapter II (“Some Results of Ex-
perimental Cytology”) Boveri reviews his own studies of the behaviour of chro-
mosomes in eggs after dispermic fertilization. He refers to a 292-page account
published in 1907. He mentions work by his student Baltzer supporting the “The-
ory of the differential value of chromosomes” (p. 21).

Chapter III (“Application to the Theory of Tumours”) begins with discussion
of the (possible) specific arrangement of hereditary factors in chromosomes,
mentioning Mendel by name but without reference, and not mentioning Mor-
gan at all. Boveri then speculates on “chromosomes which inhibit division” and
others which might “promote” division,and how various assortments might cause
“benign” and “malignant” features. Then he reasserts his conviction that tumours
are formed from “an abnormal chromatin complex, however it arises” (failing
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to mention von Hansemann), but emphasising the possibility that multipolar
mitosis might be the cause.

Chapter IV (“The Value of the Theory as an Explanation”) discusses nineteen
enumerated sections. These sections deal with (1) irreparability of tumourous cel-
lular abnormality, (2) tumour uniformity (which is not always a correct observa-
tion) and proposes that the explanationis “because they too go back to common
ancestors which also had the same abnormal constitution” (thisis a travesty of all
the theories of embryological derivation of tumour cells, see chapter 4). Boveri
goes on to speculate (3) on the relevance of the metabolism of tumour cells,
(4) the number of tumour types which can arise from a particular mother cell,
(5) the differences between the tumours of men and animals, (6) multiplicity of
tumours in one organ. Subsequent discussion concerns protoplasmic-nuclear in-
teractions, sex chromosomes, (7) inheritance of tumours, (8) tumours composed
of more than one type of cell, (9) the formation of metastases, (10) changes in
the character of tumours, (11) differences between the cells of different tissues,
which he suggests are “caused by certain diversities in the chromatin-complex”
and then: “Rather the differences in question must have their cause in that in
every tissue, certain parts of the chromosomes grow especially strong, while in
other tissue, they fall into the background or disappear entirely”. This is similar
to von Hansemann’s Hauptplasmen and Nebenplasmen without giving any at-
tribution. In (12), Boveri mentions mechanical factors and chronic irritation as
mechanisms of multipolar mitosis, without any evidence that it might ever occur.
(13) deals with other aetiological factors, (14 and 15) with parasites, including
Fibiger’s work (unreferenced), (16) with transplantability, including Bashford’s
work (unreferenced), (17) organ-related frequencies of tumours, (18) capricious
behaviour of malignant tumours, invoking embryological features (not refer-
enced) and (19) increasing incidence with increasing age.

Nowhere does Boveri show that multipolar mitoses can be caused in mam-
malian cells, or that they are to be found more commonly than other types of
asymmetric mitoses in tumours (they aren’t — eds).

Chapter V (“Consideration of Some Objections”) begins with a summary
which includes the following “... it (the theory) maintains no more or less than
that a multipolar or asymmetrical mitosis which appears in any cell normal up
to that time may, though not necessarily, lead to the formation of a malignant
tumour.” Then there is an account of further growth of tumour cells “only by
regular bipolar mitoses” and the incidence of atypical mitoses in tumours (no
references, not Boveri’s work, with no reference to Hansemann). Then Boveri
discounts amitotic cell division, claiming that pathologists believe in this (which
von Hansemann, as a leading pathologist, did not). Then there is further discus-
sion of cytoplasmic-nuclear relationships. Boveri then describes his experiment
on mitoses in regenerating corneal epithelium of a rabbit. He makes no mention
of comparable studies as early as the 1880s (chapters 3 and 4). The four points
of summing up in this chapter deal with amitotic division, not the objections.
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Chapter VI (“Conclusions”) introduces some observations on hybridizing
cells (c f fecundation theories of cancer, chapter 4), but is otherwise a rambling
collection of comments which repeat the ideas in the previous chapters.

It is difficult to see Boveri’s book as anything but an attempt to argue some
relevance of his observations on dispermic sea urchin eggs to mammalian cancer,
using von Hansemann’s and other pathologists’ ideas almost entirely and with-
out giving due credit. That Borst may have influenced Boveri in this has been
speculated elsewhere (Bignold et al, 2006b).

Boveri’sidea of “quadripolar mitosis” was not applicable to mammalian cells;
his work with shaken embryos was flawed, as his biographer (p. 330 of Baltzer
1967) admitted. This should not obscure the fact that Boveri’s early work on
the role of chromosomes in cellular inheritance was the great contribution to
biological science, as has long been recognised.

Hauser; Farmer, Moore and Walker; Bashford

Hauser® had published several articles on the pathology of carcinoma of the
stomach and large bowel during the 1880s. These were summarised in a book
(Hauser, 1890) in which he also illustrated multipolar mitoses in a carcinoma of
the rectum and described the process as a “hyperplastic nuclear division”.
Only in a later article (Hauser, 1903) did he propose that tumour cells repre-
sent a “new race” of cells. In this, he maintained that his views were different to
those of von Hansemann. His theory did not include consideration of chromo-
somes, and the mechanism for the origin of the “new race” was unclear.
Ribbert thought that Hauser’s theory was derived from Hansemann’s (see
Wollff, p. 405). The possible role of chromosomes was given little attention.
Farmer, Murray and Moore were English botanists who presented the idea
the carcinomas arise via “fertilisation” of somatic cells by sperm (chapter 4). This
was in the form of a short paper in the Proceedings of the Royal Society, London,
in which a more detailed publication was promised in the future. Hansemann
(1904q) complained that they had ignored his (Hansemann’s) contributions to
the field of “gametogenic concepts” in cancer. As noted in chapter 4, Bashford’
initially (1905) supported these authors, but later withdrew this approval (1908).
Farmer, Moore and Walker’s idea was recorded by Beattie and Dickson (1921)
as “unconfirmed and speculative”. Their promised “long paper” never appeared.
Bashford (1905) in fact discussed the ideas of Thiersch and Waldeyer, Rib-
bert, Cohnheim, Farmer and Moore (“gametoid theory”) as well as the parasitic
theories (see above). Although he referred to von Hansemann’s views of the
later theories, Bashford did not mention any chromosomal theory in general nor
Hansemann’s in particular.
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Other reviewers 1900-1919

Some attention was given to Hansemann’s theory in the years after it was pro-
pounded. However, few authors explained in detail what the theory really was.
The following summarises comments by various widely-read contemporaneous
authors.

Bland-Sutton® (1906) mentioned anaplasia without noting its author, and
then continued:

«

.. and it is possible to express this structural alteration in the form of a law: The degree of
anaplasia exhibited by a tumour represents the degree of its malignancy. This is a scholastic
form for expressing a fact long recognised, that the more a tumour diverges from the type
of its matrix the greater the malignancy (original emphasis).”

There is no mention of chromosomes in this work.

In an article (1907-8) James Ewing’ discussed three “departments” of can-
cer research: the parasitic theory, the theory of cell autonomy; as well as the
biological and biochemical study of tumours. Under the heading of “cell auton-
omy” Ewing discussed embryonal theories, the theory of tissue tension (which
included a good discussion, of Ribbert) and chronic irritation. Hansemann was
mentioned (p. 56 of this article) as the author of the concept of “altruism”, butno
specific reference to a work of Hansemann was given. Biological studies includ-
ing transplantation studies and immunity were reviewed, but Hansemann is not
further acknowledged. In his “Neoplastic Diseases” (4" edn, 1940) Ewing gave
prominence to Cohnheim’s theory of cell rests. Ewing may have been influenced
in this by Borst and thus contributed to the later loss of interest in Hansemann’s
ideas (see “Why was Hansemann forgotten? — other factors”, below).

In his “Principles of Pathology” (1908, pp 774) Adami'? failed to distinguish
undifferentiation from de-differentiation.

“Von Hansemann regarded these as evidence of cell change, of the production of generations
of cells which through altered distribution of nuclear matter do not so much undergo de-
generation proper, but become incapable of attaining perfect structure and function. This
modification he has termed anaplasia, cell races being formed possessing abnormal proper-
ties, one of which is that of increased vegetative activity”.

In their popular student text (1921, p.274) Beattie and Dickson confused anapla-
sia with embryonic reversion:

“Now if, for any reason, the reproductive activity (the so-called “embryonic” character) of
the cells should be re-established, the condition may be regarded as a reversion to the more
primitive type of cell;and it is to this process of reversion, which appears to take place in the
formation of neoplasms, that Hansemann has applied the term anaplasia, already referred
to on (original) p.260.”
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Whitman - overlooked insights

Whitman!! (1919) attempted to discuss a possible Mendelian explanation for von
Hansemann’s concepts. While the article begins very well, its ending is disappoint-
ing. At the start, there is a good summary of von Hansemann’s ideas in (1890a,
1891a,1892a,1893c, 1906¢). There are some errors of detail. For example, the ar-
ticle refers to “hypochromatism due to a reduction in the amount of chromatin
in the chromosomes ...”. Whitman also had difficulty with Hansemann’s ideas
of differentiation; he used the terms “undifferentiation” and “re-differentiation”
rather than “de-differentiation.

However, Hansemann’s main points were recognised: “Asymmetry of divi-
sion which he regarded as analogous to the process by which he believes that
differentiation...”.

Moreover, Whitman (1919 p. 186) provides a good summary of the anaplastic
cell:

“The anaplastic cell then is one in which, through some unknown agency, a progressive dis-
organisation of the mitotic process occurs, which in turn results in the production of cells
that are un-differentiated in the sense that those functions last to be acquired, most highly
specialised, and perhaps most dependent for their continued functional efficiency on a con-
tinued altruistic relation to the other body cells, are more or less lost; but re-differentiated
in the sense that the cancer cell is not at all an embryonic cell, but a new biological entity,
differing from any cell present at any time in normal ontogenesis”.

Whitman also makes the very perceptive statement (1919, p. 185):

“In modern terminology it is, strictly and literally, a mutated cell. Since the process is, or at
least may be, repeating itself from time to time, and here and there, in a tumor, it follows that
the tumor cells are themselves by no means all alike in their biological properties; that on
the contrary,an ever recurring process of mutation is taking place, with a tendency, however,
to deviate more and more from the normal type. This explains why metastatic tumors, for
example, are often more, but never less, malignant than the primary tumor, as well as other
related phenomena of tumor growth”.

Effectively Whitman suggests that “genetic instability” is present, and of a type
which is not the result, but the cause of the chromosomal lesions of cancer.
However, the remainder of the paper fails to consolidate this view. Whitman
mentioned three other theories (Hauser’s, Butlin’s and Oertel’s), as variants of
Hansemann’s, and does not mention Boveri at all. Then, Ribbert’s and Strobe’s
views are perceptively reviewed.

Then, beginning on p. 191, the work of Morgan and Bridges on mutations and
chromosomes (including non-disjunction) of Drosophila is discussed. Whitman
then argues against anaplasia having a chromosomal basis:

“Iincline strongly to the view that we are on safer ground in insisting, not on the loss of entire

groups of chromosomes, and groups of chromosomes which anaplasia is said to produce,
but rather upon the profound general disturbance of the mitotic process which is obviously
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present, and the abundant opportunity for modification of factors, and the production of
new factors, which is thus afforded”.

Finally, Whitman discusses whether or not “somatic mutation” can occur. He
(p- 197) notes the telling observation by Bridges that a mutation which might be
lethal for embryos if it (the mutation) is in the germ line, might not be lethal to a
somatic cell if the mutation arises as a somatic mutation. However, one’s impres-
sion is that Whitman was disinclined, overall, to believe that somatic mutation
can occur at all! There is no “general conclusion” to the paper.

This paper is regarded by the present authors as an opportunity missed.

Reviewers in the 1920s and after

Bauer!? (1928) produced some remarkable insights into the possible role of
mutation in a variety of human disorders, including cancer. Bignold et al. (2006a)
have provided a translation of the section in this book which summarises these
ideas. On Hansemann’s idea of the role of abnormal mitoses and chromosomes
in tumour formation, however, Bauer seems to have relied on Borst (1902, 1923,
see above). He did not consider any of the detailed ideas (scattered as they were)
in Hansemann’s writings. Bauer was prone to generalisation and analogies, such
as comparing the chromosome (of genes) with a battalion (of soldiers).

In his later work, “The Cancer Problem” (1949,1963) Bauer gave fairly accu-
rate, but still incomplete accounts of Hansemann’s views. Bauer also made the
statement that it was Boveri, not Hansemann, who contributed the first chromo-
somal theory of cancer (see Bignold et al, 2006b).

Levine (1931) gave an excellent review of chromosomal abnormalities in
cancer and devoted nearly two pages to von Hansemann. Most of the statements
concerning Hansemann were correct, but the oogenic concept in the original
definition of anaplasia was not recorded. Levine’s paper also reported studies of
abnormalities of these in various human and animal tumours, as well as in crown
gall on various plants. Levine drew several conclusions from this work. Most
importantly he concluded that crown gall tissue represents a distinct pathological
entity. It is the result of a protective reparative process of the plant against the
invasion of the parasite. Cancer is a disease of the cell which manifests itself
during cell division. The giant cells appear to play an important role in producing
the substances which stimulate cell division. There appears to be no relation
between polyploidy and the etiology of cancer. Polyploidy in crown gall tissue
represents merely the products of nuclear division without cell division. In human
cancer and animal tumors the polyploid mechanism is not altogether clear; it
may represent stages in the development of chromatic substance necessary to
stimulate cell proliferation.

Other authors have made little contribution to the understanding of Hanse-
mann’s ideas. Ludford (1925) mentioned Hansemann only briefly, and gave
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Boveri credit for the chromosomal theory of cancer. Later Ludford (1930a) re-
ferred his readers to Whitman (1919). Ludford’s other papers on chromosomes
and the genetics of cancer cells (1930b, 1930c, 1934) mentioned Hansemann
only in passing. Nicholson!® (1933) in parts XI (“Causation: reaction and en-
vironment”) and XIII (“Somatic development and tumour formation™) of his
“Studies of tumour formation” mentioned the work of Morgan and of Boveri,
without mentioning Hansemann at all. Politzer (1934) catalogued the various
opinions of previous German authors (above) and did not offer any new inter-
pretation of Hansemann’s views. Lockhart-Mummery'* (1934) dealt with muta-
tional bases of inherited predispositions to tumours. He mentioned mutation in
adult cells, but without using the phrase “somatic mutation”. He did not mention
chromosomes, von Hansemann or Hansemann’s theory at all. Cowdry (1940)
reviewed the properties of cancer cells and recognised among these “a decrease
in structural differentiation” without mentioning Hansemann’s contributions.
Willis!® (1948) mentioned Hansemann by name as an author of a chromosomal
theory, but with no further detail. He also strongly criticised mutational theories
of cancer, singling out Lockhart-Mummery’s theory as unsatisfactory. Oberling
(1952) considered only three theories of cancer (chronic irritation, embryonal
and parasitic), mentioned Boveri as first among those suggesting a somatic mu-
tational theory of cancer, and did not cite von Hansemann at all. Wright (1954)
mentioned anaplasia only in a descriptive passage “... at other times, especially
in rapidly-growing tumours, the likeness may be slight or even absent, and the
growth is termed an ‘anaplastic’ one in consequence.” Burdette (1955),in a long
review of cancer which generally argued against a mutational basis for the dis-
ease, referred directly to some of von Hansemann’s publications but missed the
oogenic nature of the hypothesis.

“He (Hansemann) believed that differentiation ordinarily occurs by asymmetrical division
of the hereditary units, which he divided into Hauptplasmen and Nebenplasmen, so that
successive generations of daughter cells become different in appearance and function. This
process of differentiation was called prosoplasia, and the reverse process anaplasia.”

In a valuable and detailed review of chromosomes in cancer, Koller (1957) re-
ferred to Hansemann’s chromosomal theory, emphasising Hansemann’s early
suggestion that it is the “balance of chromosome numbers” in a cell which is
the beginning of the cancerous growth. Koller also noted Boveri as having ex-
tended Hansemann’s views by emphasising multipolar mitosis as the mechanism
by which this begins. Koller (1957) did not address the concept of anaplasia, or
the mechanisms of altered functional capacities of tumour cells.

Berenblum (1964) mentioned anaplasia only descriptively (and almost dis-
missively) as follows. “Anaplasia is difficult to define or describe because (a) it
comprises a number of different qualities that do not necessarily appear together
in every case, and (b) it represents an attempt to depict histologically what is,
in fact, a clinical or functional concept — malignancy. The fact that the term has
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undergone frequent changes in meaning since it was introduced by Hansemann
is irrelevant, since its value is essentially utilitarian: it represents those features
which the histopathologist is able to diagnose as malignancy under the micro-
scope.”

Triolo (1965) discussed von Hansemann’s concept at the end of a section on
theories of cancer. Neither the oogenic analysis nor the question of increased ca-
pacity for independent existence is mentioned. However,von Hansemann’s early
association of changes of differentiation with changes of chromosomal numbers
is mentioned, but not his later view (in Hansemann 1920a). Considerable space
is given to von Hansemann’s critics.

Foulds (1969/1975) gave a brief, although accurate account of von Hanse-
mann’s later statements on anaplasia, but ignored the earlier oogenic idea. In
several long passages of histological analysis of neoplasms this author discussed
“differentiation” at length,deciding that it,along with all tumourous phenomena,
result from “differential utilization of the genome” (which he also referred to as
“epigenetic”). By this, Foulds implied (as had Virchow) an inherently “natural-
physiological” basis of tumours. On p. 383 of Foulds (1969) there is the remark-
able (although completely inaccurate) analogy:

“The relationship between embryonic cells and “anaplastic” neoplastic cells is much the same
as that between a child and a senile old man in his second childhood;in the one potentialities
are undeveloped and in the other, they are gone forever ...”

Shimkin (1977) did not list Hansemann in the index of his book, but in the text
mentioned Hansemann’s contribution to grading of tumours. However, the ref-
erence was to Hansemann’s 1890 article, in which grading was little mentioned.
Elsewhere in his book Shimkin (1977) awarded originality for the idea of the “so-
matic mutation concept” to Boveri, although Boveri neither used this particular
term nor deserved the credit for it (Bignold et al, 2006a, 2006b). Rather (1978)
dealt with theories of cancer up to the 1890s and, although mentioning Bard (see
chapter 3, Wolff, 1907) did not include theories produced in the 1890s or mention
Hansemann. Cremer (1985) did not mention Hansemann, and Epstein (1986),
in his chapter 14 entitled “Cancer”, mentioned Boveri’s (1914) book, but not
Hansemann. Sandberg (1990) mentioned Hansemann briefly, but giving Makino
(1975) as the reference. Harwood (1993) dealt with genetics and geneticists, but
not tumour genetics. Harris (1995) believed that Hansemann’s theory was “fun-
damentally incorrect” without offering any detail or reasons, and stated that
Hansemann’s opinion was “accepted by no one until it was taken up and devel-
oped with great virtuosity almost a quarter of a century later by Boveri (1914)”.
Inalater book Harris (1999) did not mention Hansemann at all. Fitzgerald (2000)
mentioned Hansemann only in a short description of “anaplasia”. Lima-de-Faria
(2003) did not mention Hansemann at all.
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Subsequent developments in cancer research

Many of the biological phenomena which Hansemann discussed in relation to
anaplasia have since been investigated and are fairly well understood. In par-
ticular the problem of endocellular sources to account for excessive growth are
now understood in terms of “growth factors/oncogenes” and “tumour suppressor
genes”.

In relation to “increased capacity for independent existence” some issues are
now reasonably clear. Thus Hansemann discussed the fact that normal tissue
from one individual can rarely be grown in any tissue of another individual
even of the same species (allo- or homograft!®). On the other hand, tumour cells
from one individual had been reported to survive as an allograft by Novinsky in
1875 and Hanau in 1889 (Shimkin, 1977). Progress thereafter was slow, although
it was discovered that better “differentiated” tumours grow less readily after
transplantation than the least differentiated ones. Loeb!” (1945) considered that
growth rate is the main factor in this, so that “poorly differentiated” cells grow
faster; hence they have a better chance of growth.

However, it is now known that a major factor in survival of transplanted tu-
mours is the degree to which the transplanted cell has lost those surface markers
which enable the recipient animal to recognise it as foreign and reject it. Thus in
the 1950s, it was shown that many tumour cells which are more highly metastatic
have reduced expression of blood group antigens on their surfaces. More re-
cently, expression of both “integrins” which control cell adhesion to connective
tissue matrix structures, and “cadherins” which regulate cell-to-cell attachments,
are reduced in more malignant tumours. Both these findings support a general
concept of “immuno-identity-type” differentiation. Nevertheless the alternative
possibility; i.e. that “local tissue-specific” growth-controlling circumstances (in-
cluding interactions with local connective tissue and blood vessels) may play
roles in growth of metastases has not been completely excluded. In some senses
this implies that the “Cell Theory” in its extreme form of cells acting completely
independently, excepting only under the influence of paracrine and endocrine
factorsis insufficient. It may also imply that cells behave physiologically in tissues
as syncytia, perhaps communicating through intercellular gap junctions.

Finally, the problem of the nature of the genomic disturbance which might
underlie anaplasia has not been solved. In fact, it has been little addressed. The
aetiological characteristics of tumours, and the particular morphological features
of “anaplasia” which Hansemann identified have still not been incorporated into
any one, well-accepted single unified theory. Also unexplained are (i) the features
of delay in appearance of tumour after application of carcinogen, (ii) invariable
appearance of hyperchromatic cells (indicating aneuploidy) in many malignant
tumour types, (iii) the fact of area-to-area variability of “differentiation” and (iv)
the fact that “differentiation” may worsen and never improves.
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Why was Hansemann forgotten? — more fruitful fields of research

In any complex scientific subject involving many individual researchers and is-
sues there are usually many causes why good ideas can be lost. First of all, cancer
research did not have the same priority in medicine which it has today. A century
ago, infectious diseases were the major cause of death in all human populations.
Second, it may be remembered that the period 1900-1920 saw the clarification
in principle of many aetiological agents of cancer which are known today. Since
aetiology is the key to prevention, these studies attracted more interest than in-
vestigations of theories of endocellular anomalies, especially because the meth-
ods for investigating the latter thoroughly were not yet available (Bignold et al,
2006a and see below).

Among these discoveries was that of the carcinogenic effects of ionizing radi-
ations arising both from high voltage electrical apparatus (Becquerel, 1896) and
radioactive isotopes. Initially there had been considerable unprotected handling
of these agents by research workers,so that numerous cases of radiation-induced
cancers resulted, including those of Marie Curie. With the advent of dosimeters
the liability of the individual to tumours was found to be dose-dependent. Mea-
sures to limit exposure of individuals to non-therapeutic doses of agent were
developed. Subsequently significant exposures to isotopes occurred only irreg-
ularly, for example those in the luminous watch-dial painters, who used their
mouths to sharpened the points on the paint brushes which carried the thorium-
containing luminous paint (Shimkin, 1977). After W. W. 11, a second phase of in-
terest in radiation carcinogenesis followed the development of nuclear weapons,
and nuclear power for civil purposes.

Since the nineteenth century, chemical mixtures such as tar and paraffin had
beenrecognised as responsible for a small number of tumour types in humans, but
the identity of the carcinogenic chemicals in those preparations was unknown.
Later in the same century, Hanau showed that arsenic is a carcinogen both in
the skin of man and experimental animals. In 1895, aniline dyes were found to
cause urinary tract tumours among exposed industrial workers, thus becoming
the second pure chemical carcinogen identified as affecting man.

It was only when Hansemann’s effective working life was drawing to a close
that Yamagiwa and Ichikawa (1918) reported, in a European language, that epi-
dermal tumours can develop in rabbits treated with coal tar. Not until the 1930s
was any pure chemical carcinogen isolated from coal. Subsequently, many other
chemicals, such as alkylating agents (Bignold, 2006) and nitrosamines, have be-
come recognised chemical carcinogens.

Hansemann had not supported any infective theory of cancer, although such
ideas had been in circulation since the seventeenth century. However, in 1911
Peyton Rous provided the first proof for the infectious cause of any tumour.
This led to many additional infective agents being identified for various animal
tumours, although research techniques for investigating the mechanism of these
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infectious tumours did not become available until the 1980s. Eventually it was
established that the viral genome itself does not contain any carcinogenic gene,
but rather that the virus takes up a normal fowl growth gene (cellular oncogene),
and transmitsit,either unchanged or in a mutant form, to other fowl cells. Thus the
latter had the growth gene amplified by increased copy number. This, however,
does not reduce the aetiological significance of the virus; hence the importance
of such research work remains undiminished.

Why was Hansemann forgotten? — scientific faults of his work

Two of Hansemann'’s essential ideas were sound:

(i) that the essential quality (Wesen) of cancer is a disturbance in the genome
of the somatic cell, such that the inheritable material of the cell is abnormal
(leading to initial phenotypic abnormalities) and also subject to increasing
abnormalities (leading to additional,and more severe phenotypic abnormal-
ities).

(ii) that the resulting changes of phenotype (both chromosomal and cytoplas-
mic) can occur sometimes after a delay following application of carcinogens,
and even then, at varying rates and in different intensities.

However, the ideas were lost. It must be conceded that the major reasons for the
disappearance of Hansemann’s name and ideas from the more recent literature
may lie in the errors and complexity in his original exposition.

The specific scientific errors involving “oogenic de-differentiation” as a pro-
totype of tumour cell biological abnormality; together with the uncertainty as to
whether hyperchromatic or hypochromatic cells are tumourous, have been dis-
cussed above. Later, however, it was found that experimental tumours could oc-
cur without chromosomal lesions being detectable (Koller, 1955). Nevertheless,
Hansemann had already anticipated this by suggesting that the chromosomal
lesion might be too small to be identified by ordinary microscopic techniques
(chapter 5); thus the experimentally-produced lesions may have been mainly
“benign”. Hansemann never claimed that his theory applied to such lesions. As
a related issue, no constant chromosomal lesion could be associated with any
particular tumour type. Apparently, the possibility that the nature of “anaplasia”
could allow further chromosomal abnormalities (i.e. chromosomal and mitotic —
type genetic instability) was not imagined.

More generally, we must address the charge that Hansemann was “too philo-
sophical”.In the late nineteenth century,most mechanistically-oriented scientists
probably would have found Hansemann guilty of this fault. The most obvious
incidence of inappropriate philosophising by Hansemann relates to “altruism”,
with its apparent roots in “biologistic sociology” (see “Hansemann’s Philoso-
phy” chapter 5). History has not been kind to this idea, especially because we
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now know that quite different cell biological mechanisms control the two differ-
ent phenomena. Thus keratinisation occurs (we believe) by specific mechanisms
of gene control in the epidermal cells, while the secretions of the adrenal cortical
cells are controlled by hormones from elsewhere in the body (e.g. adrenocorti-
cotrophic hormone from the pituitary gland). Hansemann down-played “altru-
ism” in his book (18970), but seems to have retained faith in the idea for many
years afterwards (see Hansemann 1912d). Furthermore, it is difficult to under-
stand his resistance to the evidence (provided by Banting and Best in 1902)
that the anti-diabetogenic factor of the pancreas is in the Islets of Langerhans
other than in terms of an adherence to a philosophical principle in the face of
experimentally derived facts.

A milder form of over-philosophising may be identified in Hansemann’s con-
cepts of the possible mechanisms by which chromosomal abnormalities might
have their effects. In its original exposition, Hansemann’s chromosomal model
was in the rationalist/mechanist tradition of Descartes — what ever is must have
a cause, and that cause must be physical or chemical. Nevertheless, a semi-
philosophical aspectis evidentin Hansemann’s approach to possible mechanisms
by which abnormal chromosomes alter the essential qualities of a cell. Hanse-
mann seems to have followed the approach which Virchow used in developing
his (Virchow’s) philosophy of “Cellular Pathology”. This approach was: observe
the cells in the lesions and then identify the “normal” physiological cell process
which it most resembles. This was reasonable only in terms of Virchow’s belief
that cells change their appearances and functions often and easily. Hansemann
identified “differentiation” as the “normal process” most likely to be abnormal
in cancer cells. However, as shown above, this was soon found to have no ba-
sis in tumour cell biology: not then and not now in 2006, despite being used by
histopathologists for descriptive purposes.

Hansemann’s final tendency which may have contributed to his loss of pop-
ularity was that he insisted on considering “uncomfortable facts” of tumour cell
morphology and behaviour. Thus the complexity of the histopathology of tu-
mours — for example (i) the variability of cells within individual tumours, and
(ii) the lack of consistent correlation between function and clinical aggressive-
ness—has made simple “germ line-like somatic mutations” unsatisfactory models
for mechanisms of carcinogenesis (see Willis 1948, above). Since the 1960s, such
a mutational type has been the major “paradigm” of cancer research, and only
Loeb’s idea of “mutator phenotype” has offered any explanation of increasing
morphological and behavioural abnormalitiesin cells (see Bignold 2003a,2003b,
2004).
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Why was Hansemann forgotten? — other factors

A number of possible external factors may have favoured the forgetting of
Hansemann. First is the “revolt against morphology”. This aspect of the his-
tory of biomedical science has been emphasised by some authors in relation
to embryology and genetics (Allen, 1978). However, another broader aspect of
the same issue can be seen in the struggle which bacteriology and immunol-
ogy underwent to obtain satisfactory status as laboratory medical sciences in
the face of resistance from anatomical pathologists, especially Virchow. Gen-
erally no doubt, while researchers were assured of useful results simply from
using microscopes with apoachromatic lens in conjunction with new histological
stains, more complex forms of laboratory work received less attention. In the
late nineteenth century, at the Institute in Berlin, the anatomical pathologists
had a well-documented dominance (Rather, 1962). This author discusses some
aspects of the dispute concerning bacteriology at the Charité (chapter 3). In
addition we note Hansemann’s unsympathetic attitudes to bacteriological and
immunological studies, particularly his ill-judged attacks on the concept of anti-
body-mediated immunity (chapter 12).

Yet another issue is the non-Mendelian focus of genetics in Germany after
1918.

German “Genetics” continued to be seen mainly as an issue of embryology,
so that the latter questions received most attention. Mendelian genetics (after
Boveri and Sutton, see Martins, 1999) was seen as able to answer only a few
questions at the level of parent-to-child transmission of characteristics; nothing
by way of answers was seen to be offered to the questions of the mechanisms for
the controlled cellular changes which characterise both embryological develop-
ment and normal histological function. The leading German “geneticist” of the
period was Richard Goldschmidt!8(1878-1958), whose career initially involved
study of embryological questions and only later those of Mendelian genetics.

Discovering mechanisms of embryological development was too difficult for
the technology available at the time. Little progress was made. Currently it is
considered that the mechanism of both embryological and histological “des-
tined progressions of cell types” is that of cascades of gene activation. Even
now, however, little is clearly understood. As a related issue, the relationships of
development to evolution were neglected for many years; it is now under recon-
sideration as “Evo-Devo” (Hossfeld and Olsson, 2003). Nevertheless progress
has been slow. Since the number of “genes” (defined as sequences of DNA tran-
scribed into RNA and translated into protein) is smaller than was expected be-
fore the results of the human genome project became available, the basic concept
of cascades of productions of active proteins may itself require modification.

Mayer (1952) detected a broader “holistic” trend in German pathology af-
ter 1900, based on advances in physiological chemistry. These factors may have
led to a loss of understanding between the anatomical pathologists on the one
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hand, and the experimental pathologists and biologists on the other. Such a
loss of understanding came to be entrenched in many medical school-hospital
complexes when anatomical pathology became a diagnostic specialty of medical
practice remote from the “academic” considerations of the nature of disease. Von
Hansemann’s attempts to include consideration of pathological phenomena in
the debate concerning normal physiological processes were ignored.

Anti-Darwinism has been most public and prominent in the U.S.A. In the
nineteenth century, the anti-evolutionary concepts of Agaziz (Lurie, 1960) did
not help the acceptance of Darwin’s theory in that country. In Britain, anti-
Darwinism was expressed with greater subtlety, as suggested by Bowler (1983).
In Germany since the 1920s, there has been little evidence of concern with Dar-
winism (as distinct from social Darwinism), so that the poor support for muta-
tional theories of cancer was probably not related to any such considerations.

Could Virchow have contributed in some way to the forgetting of Hanse-
mann? Virchow was obviously a courteous and tolerant man; he published all
of Hansemann’s important articles in his Archive. In an article of 1892, Virchow
pointed out the potential for karyokinetic phenomena to alter pathological con-
cepts, although there was no mention of this in Virchow’s article of 1895. Virchow
was philosophically inclined like Hansemann, and so probably would not have
thought Hansemann unsound for this reason. Virchow was in a position to termi-
nate Hansemann’s employment at the institute whenever he wished, but never
did. We have not been able to examine any material to suggest the kind of rela-
tionship which may have existed between Virchow and Hansemann. Certainly
we have been unable to establish any basis for suggesting that Virchow was a
negative factor on Hansemann’s career.

Could Borst have had some negative role in the later appreciation of Hanse-
mann? Borst was an academic competitor of Hansemann; his views (deriving
from Cohnheim) were definitely in opposition to Hansemann’s. Both Boveri
and Bauer acknowledged Borst as a significant influence on their work. More-
over, Ewing may have been influenced by Borst (see above). In Germany and
elsewhere, Boveri’s and Bauer’s works were more widely read than were Hanse-
mann’s. Thusitis possible that Borst’s as well as Boveri’s and Bauer’s assessments
of Hansemann’s ideas may have been accepted without question.

Finally we ask, was Hansemann’s personality a factor in the unpopularity
of his views in Germany? There is evidence that he was argumentative, possi-
bly unkind, and occasionally undiplomatic. He also freely published opinions
which were contrary to the interests of bacteriology, serology, immunology, en-
docrinology and experimental tumour researchers. These issues do not seem to
have much affected his career or his day-to-day relations with colleagues; he
continued to hold positions of responsibility in the medical societies of which he
was a member. However, the possibility remains that he was denied Virchow’s
chair (in 1902) because of his attitudes to bacteriology and other non-anatomical
medical laboratory sciences (see above).
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In general, however, even if personal factors did increase resistance to his
opinions among some scientists in Germany, none of these issues would have
influenced the assessments made by cancer workers in other countries of his
scientific theories.

What might have been

Speculating on “lost opportunities” in science is of limited utility. However, a few
points may be offered.

Hansemann was concerned particularly with chromosomal material, cellu-
lar heredity and cancer. At the end of the nineteenth century, Germany had a
“scientific establishment” second to none. The German universities were well
equipped; with the diligence and intelligence of their academics, they could have
carried out the studies of Mendelism, for example, those on Drosophila,in a few
years. Moreover, experimental X-ray laboratories were established in Germany,
so that the work in the 1920s of H.J. Muller in the U.S.A. could probably have
been carried out in Germany by 1910.

Furthermore:steps for identifying and enumerating human chromosomes us-
ing colchicine (purified in 1820 by Pelletier and Caventon) and metaphase plate
preparations were also technically possible at Hansemann’s time. Therefore, the
correct number of human chromosomes could have been found had there been
sufficient impetus to study them. Moreover, there might have been an earlier
appreciation of the concept of genomic instability (see Whitman, chapter 5).

Nevertheless the critical step for the advancement of tumour genetics was
the discovery of the structure of DNA. This depended on X-ray crystallogra-
phy, which required high voltage electrical apparatus. Such apparatus was not
available before W.W.1I. Similarly, the processes of gel electrophoresis involving
high voltage electricity applied to solutions for separation of proteins were not
possible until the 1950s.

In all of this, it may be remembered that W.W.I caused an unprecedented
break in the international scientific community. This applied right across the
cultural-scientific spectrum; the waves of hostility in various directions meant
that the broken links in both the sciences and the humanities could only be
restored with great difficulty. Moreover, what seems in retrospect like a paradise-
like era of freedom in Germany — 1919 to 1933 — was in fact problematic and
fraught with difficulty. Certainly, the Weimar Republic in Germany saw a unique
atmosphere of freedom and a corresponding flourishing of the intellect in many
fields (Gay, 1968). But Hansemann had the double misfortune of dying not only
at a relatively early age — 62 — but also at the very beginning of this epoch. His
work was thus terminated and his reputation left with few if any to defend it.
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Notes to chapter 6

1 Moritz Wilhelm Hugo Ribbert (1855-1920) b Hohenlimburg, studied in Bonn, Berlin and Strass-
burg, MD 1878 in Bonn, Professorial Assistant (Assistent) under Koester at Bonn, Dr habile 1880.
In 1883 he was appointed Professor Extraordinarius in Bonn, and in 1892 was called to the Chair
in Zurich. In 1900 he moved to Marburg to succeed Marchant; in 1903 to Gottingen to succeed
Orth. In 1905 he returned to Bonn where he completed his professional career. As a person he
was said to be “modesty itself”, and did all his own technical and secretarial work.
Wolff (1907) devoted 27 pages to Ribbert’s theories; his exchanges with Hansemann are noted in
the present text.

References: Bashford (1905), Wolff (1907), Ribbert (1911), Dhom (2001).

2 Otto Lubarsch (1860-1933) b Berlin, studied in Leipzig, Heidelberg, Jena and Strassburg, State
Examination (Staatsexamen) and M. D. 1884, Professorial Assistant (Assistent) at Giessen under
Bostroem 1885.1In 1886, he continued at Breslau under Ponfick,1888 with Virchow in Berlin. After
six months at the Zoological Station at Naples under Dorhn, he was from 1889-1891 Assistent
under Klebs in Zurich. Dr. habil 1890,then1891-1899at Rostock under Tierfelder (and appointed
Professor Extraordinarius in 1894).1899-1904, leader of the Pathological-Anatomical division at
the Institute of Hygiene in Posen. Other appointments were Prosector in Zwickau (1905-1907),
Director of the Pathological Institute in Diisseldorf (1907-1913). After that he succeeded Heller
as Ordinarius in Kiel (1913-1917). From 1917 to retirement in 1928 he occupied the Virchow
Chair in Berlin.

He was a prolific writer on pathology, was mainly an encyclopaedist, rather than an original
researcher.

Reference: Dhom (2001).

3 Maximilian Borst (1869-1946) b Wiirzburg, studied medicine in his home town, MD 1892, Assis-
tent at the Pathological Institute under Rindfleisch as lecturer and first assistant at the University
of Wiirzburg. Dr habile 1897. Professor Extraordinarius 1903. Called (to Professorial rank) at
the Pathological Institute in Diisseldorf in 1904,and in 1905 to Gottingen, 1906 succeeded Rind-
fleisch at Wiirzburg. In 1910 he succeeded Bollinger at Munich. In W.W.1, military Prosector and
Consultant Pathologist. His major works were “The Theory of Tumours and Microscopic Atlas”
(1902, see main text), “Pathological Histology” in 1921, and “General Pathology of Malignant
Tumours” in 1924.

References: Shimkin, 1977; Dhom (2001).

4 RudolphBeneke (1861-1946) was in Braunschweig (Lower Saxony) when this article was written.
Dhom (2001) records only that he succeeded Eberth as Ordinarius at Halle in 1911. His father
F.W. Beneke (1824-1882) was first Ordinarius in Pathology at Marburg; was less involved in
microscopic pathological research than the Virchow School; and retained considerable interest
in clinical disciplines (Dhom, 2001, p. 338).

5 Theodor Boveri (1862-1915),b Bamberg, studied at the Realgymnasium at Niirnberg, and then
at the University of Munich and then worked under Richard Hertwig in the Department of
Zoology there; appointed Ordinarius (Zoology) at Wiirzburg in 1893, holding that position until
his death. Married Marcella O’Grady, an American student in his Department,in 1897. Marcella
translated his 1914 book on tumours. Her English version was published in 1929. His scientific
work was all within the field of embryology and genetics. His main achievement was recognition
of the individuality of the chromosomes (in Cell Studies, 1888, see Baltzer, p. 66). His later work
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using shaken embryos of sea urchins was in the vein of Roux’ experimental embryology. It was
methodologically flawed. Boveri had no medical or pathological training, and acknowledged
Borst, Kretz and Schmidt as pathologists who provided “many a valuable suggestion”.

Reference: Boveri (1914), Baltzer (1967), Bignold et al (2006a,2006b).

6 Gustav Hauser (1856-1935) b Nordlingen, studied zoology (Ph D, on olfactory organs of insects),
then medicine at Erlangen. He began studies of general pathology and pathological anatomy, with
studies in Vienna and Leipzig, under Cohnheim and Leipzig. Appointed Professional Assistant
(Assistent) at the Pathological Institute at Erlangen under von Zenker. Gained Dr habil. in 1883
in Erlangen, became Professor Extraordinarius in 1894 and succeeded Zenker as Ordinarius in
1895. He was at various times Dean of Medicine and Rector of the University. Professor Emeritus
1928.

Reference: Kirch (1937), Dhom (2001).

7 Ernest Francis Bashford (1873-1923). Research into cancer at that time was conducted partly
under the auspices of the Imperial Cancer Research Fund in London. Bashford was the Director
of Research (1902-1914); initially he supported Farmer and Moore in their idea of the “gametic”-
fusion theory of the initiation of cancer. Hansemann noted that in one of their papers, these
authors failed to quote his own work (see von Hansemann, 1904q). Hansemann (1906c) was a
little sarcastic at the expense of their theory. He noted that, having sent their abstracts to the
Lisbon meeting in the same year, they failed to appear.

Reference: Austoker (1988).

8 John Bland-Sutton (1855-1936) was surgeon to and member of the Cancer Investigation Com-
mittee of the Middlesex Hospital. He was interested mainly in the clinical manifestations and
treatment of tumours. In a chapter entitled “Concerning the cause of cancer” (p290-300) in his
book (“Tumours, Innocent and Malignant”, 1906) he discussed “Embryologic”, “Parasitic” and
“Biologic” hypotheses. Bland-Sutton concludes the chapter by quoting from “Empedocles on
Etna” (Matthew Arnold, 1833-1908)

“The gods laugh in their sleeve

To watch man doubt and fear,

Who knows not what to believe

Since he sees nothing clear,

And dares stamp nothing false where he finds nothing sure.”

Reference: Bland-Sutton (1906), Bett (1955).

9 James Ewing (1866-1943) b Pittsburgh, son of a judge, graduated Amherst College and subse-
quently MD from the College of Physicians and Surgeons New York. He was appointed Professor
of Pathology at Cornell in 1899. Co-founded the American Cancer Society in 1913, first edition
of “Neoplastic Diseases” published 1919. He described the cancer of bone known as “Ewing’s
tumour” in 1921, and was the only non-German contributor to the volume in Virchow’s Archives
marking the centenary of Rudoph Virchow’s birth. In the 1920s and 1930s, Ewing was probably
the most prominent oncologist in the United States. In 1940, he was named “Mr Cancer” by Time
Magazine.

Reference: Virchow’s Arch. for the year 1921; Huvos (1998).
10 John George Adami (1862-1926) studied natural science at Cambridge UK., with post graduate
work in Germany under Rudolf Peter Heinrich Heidenhain (1834-1897). Hesubsequently gradu-

ated in Medicine, was a Demonstrator in Pathology at Cambridge, and then from 1892, Professor
of Pathology at McGill University, Montreal. In 1919, he was appointed Vice-Chancellor of the
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University of Liverpool and died there in 1926. His text “Principles of Pathology” in its time had
one of the best accounts, in English, of German theories of pathology, including neoplasia.

Reference: Anon (1927).

11 R.C. Whitman d 1937 (not to be confused with C.H. Whitman, Director of the Wood’s Hole
Marine Biological Institute, Maine), Professor of Pathology at the University of Colorado. The
staff of the University has been unable to provide us with any further information.

12 Karl Heinrich Bauer (1890-1978) b Schwirzdorf, Upper Franconia, d Heidelberg. Studied medi-
cine at Erlangen and Wiirzburg,served as a military surgeon 1914-1918; then worked with Aschoff
at the Pathological-Anatomical Institute in Freiburg; published studies of osteogenesis imper-
fecta,haemophilia and ulcus ventriculi. In 1920 he began specialist surgical training at Gottingen
under Stich; in 1923 gained Dr habil. He was appointed Professor Extraordinarius there in 1927,
in 1933, he was appointed Ordinarius in Breslau, as successor to Kiittner. In 1943 he succeeded
Kirschner to the chair at Heidelberg.In 1945 Bauer was made first freely elected Dean of Medicine
and Rector of the University. He was instrumental in the resuscitation of Heidelberg University
after WWII. Retired in 1962 but continued active academic work, especially the foundation of the
now-famous cancer research institute in Heidelberg in which he was actively involved until his
death. Among many awards he received, in 1960, the Ernst von Bergmann Medal, of the German
Society for Surgery.

Reference Schwaiger (1979).

13 Gilbert William de Pouton Nicholson (1878-1949) was Professor of Pathology at Guy’s Hospital.
These papers were among a total of 20 published between 1922 and 1938. The papers were
summarised together as Nicholson (1950).

14 John Percy Lockhart-Mummery (1875—-1957) was a surgeon at St Mark’s Hospital, London. With
Dukes he documented the family trees of patients with hereditary polyposis coli.

15 Rupert Allan Willis (1898-1980) originally from Melbourne, later Professor of Pathology at Leeds,
was the leading British tumour pathologist of his time. He wrote several books (see Literature
Cited under “Willis R.A.”). In “Pathology of Tumours” (1948) he asked “what is wrong with the
cancer cell” and gave his answer Ignoramus (“we do not know”, see note’ chapter 5).

References: Anon (1980), Attwood (1980).

16 “Autografts”: from one site of an individual to another site on the same individual, “isografts” are
between closely-related (inbred) individuals of the same species. “Allografts” (= “homografts”)
are between unrelated (“outbred”) members of the same species; “heterografts” and “xenografts”
are between members of different species.

Reference: Butterworth’s Medical Dictionary, 2nd edn, 1978, London.

17 Leo Loeb (1869-1959),band educated in Germany, worked with Ribbert in Zurich, but migrated
to the U.S.A.in 1897. Most of his work concerned the behaviour of transplantable tumours and
tumour cells grown in culture, apparently with stromal-tumour cell interactions as the “raison de
chercher”. He was a grandfather of Laurence Loeb, the originator of the “mutator phenotype”
theory of cancer (Loeb 1996,2001;see also Bignold, 2002,2003b,2004).

Reference: Loeb (1978), Witkowski (1983).

18 Richard Benedict Goldschmidt (1878-1958) b Frankfurt am Main,d Berkley, CA, began to study
medicine in Heidelberg, but transferred to zoology under R. Hertwig in Munich. In 1912, ap-
pointed Director of the Department of Animal Genetics in the Kaiser-Wilhelm Institute for
Biology in Berlin-Dahlem, but spent the years of W.W.I initially as a neutral and then as an
interned alien in the U.S.A. In 1918 he returned to Berlin to further his embryological/genetic
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studies, but was forced to leave in 1936. He held many unorthodox views (for which his reputation
suffered) concerning the nature of mutation. In some publications he appears to have opposed
the “beads-on-a-string” concept of the arrangement of genes on chromosomes.

References: Stern (1969), Harwood (1993).
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Translations



Chapter 7

On the asymmetrical division of cells in epithelial
carcinomata and their biological importance

(Hansemann, 1890a)

Editors’ Summary of Points

P-299 no “cancer specific cell” exists; 300 mitosis generally; 301 mitotic abnormalities in tumour cells;
302 Klebs and Pfitzner on chromatin content of nuclei; 303 chromosomes generally — fertilisation
theories; 304-306 Hansemann’s first case of laryngeal carcinoma — many abnormalities including
multipolar mitoses, hyperchromatic mitoses and chromatic connecting threads mentioned; 307-311
his thirteen cases of carcinomas — mitotic and chromosomal changes — hyper- and hypochromatic
cells; 312 analogous appearance of some cells to the polar bodies; 313 histological methods; 314
no asymmetric mitoses in benign tumours (qualified, literature reviewed); 315-316 mechanisms of
heredity — “idioplasmas” “pangenes” and normal embryonic differentiation; 317 embryonic differen-
tiation and “capacity for independent existence”,egg as an example; 318 functions of cells determined
by balanced factors for functions; 319 abilities of tissues to substitute for each other in autogenous
transplantation experiments; 320 ideas of idioplasms need to be adjusted to accommodate this; 321
change from a somatic (ovarian germinal) epithelial cell to an egg cell is not an ordinary “forward
differentiation” but a “backward de-differentiation” — “prosoplasia” and “anaplasia” for these re-
spectively — balance of properties-related factors for this; 322 “differentiation” in embryos is not
mechanical — begins summary; 323-325 relationship of all above to cancer.

Ever since initial microscopic examinations of cancer cells were carried out, we
have been aware of the varying size and shape of these cells as well as of their
nuclei. As early as Johannes Miiller (On the finer structures of the pathological
tumours) this particular attribute of the cells and their nuclei was demonstrated
in characteristic fashion and illustrated in his Fig. 14 in Plate 1 and in Fig. 2 in
Plate 2. It was specifically the polymorphic appearance of these structures that
gave rise to intense debate, as to whether or not there is a specific cancer cell. It
is well known that under Virchow’s leadership (cf., also, from this period, Bruch,
“Diagnosis of Malignant Tumours”, Mainz 1847) this dispute was resolved in the
sense that this was not the case, i.e., that it is not possible to deduce from the
morphological appearance of a cell whether it comes from a cancerous tumour
or not.

Although this agreement was reached, researchers have never ceased apply-
ing each newly-emerging method to the study of the morphology of cancer cells,
still hoping to find a specific characteristic of these cells. Thus, for example, new
staining methods provided fresh opportunities to test the chromatin content of
the nuclei and its distribution within them. On the other hand, hitherto, it was
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precisely the absence of any consistent principle that proved to be the principle
of cancer cells. In the same tumour, large and small nuclei were found, some with
much, and some with little, chromatin. Some had their chromatin structured in
fine

threads, others in multiple beads; often there are single large nucleoliin isolation,
in other cells several small ones. In some, the nucleoli were absent altogether;in
other cells they were so small that they could hardly be detected.

The major discovery of karyokinesis brought new impetus to these investi-
gations, which promised to be all the more successful because here, along with
characteristic distribution and ordering of important parts of the cytosol and
nucleus, a new diagnostic element was added to mere morphology, namely that
of movement. Under Arnold’s leadership, a substantial body of literature ac-
cumulated on this topic. The first discovery was that tumour cells multiply by
mitosis (Arnold, Observations on nuclear division in the cells of tumours. This
Archive, vol. 78,p. 279), and it was established (same reference, p. 289),— “It was
noted that in the cells of tumours during nuclear division, similar figures form
as they do during cell divisions in plants, eggs of animals and in the embryonal
development of plants and animal tissues as well as during inflammation and re-
generation of epithelial, endothelial and connective tissues, although somewhat
less in the latter”. Arnold’s words which follow on directly are so important that
I quote them in full:

“It should be especially emphasised that in the cells of tumours, not just one
or another form of nuclear division occurs, but that much more, during our in-
vestigations all the major forms were encountered which have so far been docu-
mented in different systems by other observers. However, these nuclear division
processes are mostly similar to those in plant and animal eggs; so too similarly
with those which prevail in the development of embryonal and pathological tis-
sues, albeit, in some respects some minor differences may occur. The scientific
finding of the most various types of mitotic figures in tumours generally, and in
the various cells of the same tumour in particular, leads me to express doubt as
to whether these differences are of any principal importance”.

Specifically to investigate this last point further or in other words, to study to
what extent these differences might be of principal significance for the formation
of cancers, seems

to me to have been the aim of quite a few investigations on this point, which
were carried out largely under Arnold’s own direction. Thereto belongs first of
all, proof of multiple divisions (1881) as they had been seen only in isolated
cases during normal karyokinesis (W.A. Martin, The knowledge of indirect nu-
clear division. This Archive, vol. 86, p. 57). However, that this process is not at
all so infrequent, in regenerative tissues, in tumour formation and even dur-
ing lively (lebhaftem) growth generally, as one had in the beginning been in-
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clined to assume, is proved by many publications of such findings by Martin,
Rabl, Hegelmeier, Strassburger, Soltwedel, Mayzel, Waldstein amongst others.
As sources of more references in this matter I might point to Martin (reference
as above) and Schottlinder (On nuclear and cell division processes in the en-
dothelia of the inflamed cornea. Arch. f. mikr. Anat. vol. 31, p. 424). Particularly
in this latter paper everything, which was published in regards to this matter by
1888, is carefully assembled. During further investigations,a number of smaller
or larger deviations from the “normal” mitosis were found, to which, in each case
dependent on the viewpoint of the respective researcher, more, or less impor-
tance was attached, so that, at the moment, in respect of karyokinetic processes
in tumours, there seems to be a certain perceptible “confusion”, which does not
imply disagreement between the investigators themselves, but seems to reflect
an apparently true jumbled-up (durcheinander) state of mitotic processes within
the malignant epithelial tumours.

The original aim of the present work was to study these things more closely.
Meanwhile, however, two factors have brought about a certain change in this
work. The first, with reference to the content, yielded a rather surprising result.
The second, in reference to the form of this work, was the appearance of Klebs’
“General Pathological Morphology” (vol. 2, 1889, published by G. Fischer), in
which a few of my findings were already touched on. For the moment, we do not
need to go into all the new thoughts on tumour formation which Klebs sets in
motion, but we will only emphasise that in Klebs’ work, perhaps for the first time,
the different amounts of chromatin were regarded as a particularly important
factor for the

biological properties of the cancer cell. Klebs talks about a dwindling of the
chromatinic core material, which is documented especially in “incomplete divi-
sion”, and can run independently of one another in the various parts*, to the
extent that “not uncommonly we have found very chromatin-rich particles right
next to chromatin-poor particles in the very same cell”. Prior to Klebs, Pfitzner
(this Archive, Volume 103, p.281) emphasised the different chromatin content of
tumour cells and thereby attempted to prove the embryonal character of the can-
cer cell, but he found the same relative paucity of chromatin in benign tumours
as in simple regenerative processes after injuries (“under certain conditions”).
Regarding the chromatin content Pfitzner put forwards two propositions: 1) The
development of chromatin is a measure of the development stage of the cell.
But, he then falls into the error of identifying “developmental stage” and age
of the cells as one and the same thing, as his next sentence proves: “If namely
we compare the cell nucleus in the same tissue in a young animal with one in
a grown-up animal, we find throughout that the younger the animal is, the less
chromatin the nucleus contains”. 2) “Paucity of chromatin in the nucleus is a
hallmark for the embryonal character of a cell”. That this, however, is sometimes
not correct has already been proved by Flemming (Arch. f. mikr. Anat. vol. 29);
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furthermore, that the word EMBRYONAL in this context is completely out of place,
I will return to later.

It is not difficult to convince ourselves of the fact that the cells within an
epithelial tumour have different amounts of chromatin; the only question is,
however;do these chromatin-rich cells arise by growth of their originally-present
chromatin, or do they arise by uptake of new chromatin? Klebs believes that it
is permissible to assume that at least in some situations the latter is true. But the
pressing question arose, does the paucity of chromatin in individual tumour cells
arise through a state of inanition, or by a loss of biological units of chromatin®,
i.e.is it a matter of pathological change in a single individual (cell) or of a process
which entirely changes the character of a particular cell and its descendants? In
these

! See further below.
*“of the cell” considered implied (eds).

questions, it is to be noted that the chromatin content of a cell can manifest itself
in two ways: firstly,in the thickness and, secondly, in the number of nuclear thread
segments. For the varying thickness of the segments (naturally it is always the
same phases which are compared with each other) a different nutritional status
may perhaps be sufficient,something which, by the way, I should not like to regard
as always certain. For a different number of nuclear segments, one must exclude
this with certainty. That the amount of chromatin is of supreme importance for
the inheritance of specific cell properties and that it is precisely the number of
segments to which high biological significance must be attributed, is proved by the
constancy of this number in various tissues and kinds of animal. This was proved
by the works of Flemming, van Beneden, Rabl, Strassburger, Platner, Boveri,
Schewiakoff and others. Klebs (his figures indicate increase of segments) believes
that he can attribute increase in chromatin to fertilisation by leukocytes. Virchow,
too, on different occasions, has pointed to the possibility of this fertilisation from
leukocytes (The nature of diseases and its origins. This Archive, vol. 79).1do not
intend to discuss this much further here; but I should like to remark that uptake
of leukocytes by epithelial cells alone does not, of itself, provide the proof that
we are here dealing with some sort of fertilisation. Since the investigations of
O. Hertwig, one has to demand that the association of two living nuclei results
in a very specific way before one may speak of a fertilisation. However, there
is no further biological necessity to demand, for the increase in segments, a
new uptake of vital chromatin substance. Comparative ontogeny, and I should
like to say specifically phylogeny, yields enough for such a process. Flemming
too, has proved beyond doubt that the doubling of the segments in anaphase
in the spermatocytes of salamanders occurs due to longitudinal splitting (Arch.
f. Mikr. Anat. vol. 29). Finally, one can doubt whether the nuclei of leukocytes
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truly contain the vital substance in the sense of a fertilising body. Now, however,
concerning the reduction of the

number of segments, itis unthinkable, given the already-mentioned high biolog-
ical importance appropriate to them, that this change should arise by a simple
diminution, almost as unthinkable as it is impossible to make a rat into a mouse
through starving.

Elucidation of these questions was most easily achieved by considering an ep-
ithelial cancer, whose nuclei showed the widest possible extremes of chromatin
content. For one such sample I have to thank Professor Krause who removed a
part of a tumour from the larynx for anatomical diagnosis and sent it to me in
alcohol for examination. Despite fixation in alcohol, the mitoses were most splen-
didly preserved and thus the examination was most particularly straightforward,
as I was dealing here with an extraordinarily large-celled cancer. How different
form, size and chromatin content of the nuclei were, is shown in Figs 1,2, 3, 5,
6 and 7, all of which were drawn with the same magnification (Zeiss Apoachro-
matic Immersion 2.0 ocular 8). Most of the nuclei, as in Fig. 7, are not lobulated,
whereas others, even little ones, show lots of indentations (Fig. 5), which seem
to have a special relationship with their nucleoli, in such as way that almost ev-
ery small lobe of the nucleus contains at least one nucleolus. In Fig. 2 one sees
literally one really giant nucleus. The more sharply—delineated parts reveal the
horizontal cuts in the optical plane of individual cell projections. The main mass
of the nucleus shimmers through as a dark body.

Every slide is rife with karyokinetic figures. Most of them correspond com-
pletely to the normal type, only that their individual loops cannot be counted
properly because of their high number, as is often the case with mitoses of higher
order animals.] omitted illustrations of those because I did not believe they would
add anything new to what has long been familiar. All phases are encountered,
from the very first “ball of tangled threads” shape (Knduelform), through to sep-
arated daughter cells. The achromatic figures are in places very clear, but often
quite invisible. There were no polar bodies to be seen anywhere.

Along with the normal mitoses, there is next found a large number of triple
and multifold divisions which in like manner agree with familiar forms. Only one
deviant form

is to be found. It is depicted in Fig. 12. The loops are somewhat baked together
(zusammengebacken), the figure however, is in the stage of the daughter stars,
perhaps in transition to the daughter chromosome balls (Tochterkniiuel ). The two
main stars are joined to each other by finest threads, otherwise nothing is visible
of an achromatic figure. On the one star, there is in addition an appendix, which
clearly represents another complete star. The figure thus forms a triaster with an
irregular position of the third part. We will discuss the presumed emergence of
this figure later on.
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Then there are found many two-fold divisions which are still connected with
a thread of chromatin (see also Schottlédnder, Flemming and others as above)
and also star-like figures in which the chromatin loops are rather short and thick,
similar to those which Flemming illustrated (see above, Plate 25, Figs 45 to 47).
Lastly, there is a significant number of other individual deviations, which need
not be discussed here, but which, however, according to the opinion of others, do
not represent anything of pathological significance.

Further there are found numerous hyperchromatic mitoses, which are easily
interpreted as early stages of giant nuclei with large nucleoli and masses of chro-
matin threads and dots. Then, however, one sees on the other hand an abundance
of chromatin-poor mitoses, the origin and fates of which remain for the moment
obscure. And in point of fact, this paucity of chromatin was not only based in the
thinness of the threads and loops, but on their number. One extreme example
of such a figure is depicted in Fig. 14. This is a monaster with nine clear loops;
a number which will certainly not otherwise be observed in higher animals. The
cell measured 18 micron by 16 micron. Thus the question arose, where do such
chromatin-poor cells come from, and how do they arise?

During exacting scrutiny of the slides, the cell depicted in Fig. 11 was acci-
dentally noted. Here one sees two groups of loops, one group clearly contains
five

segments, the other one eight or nine. In the drawing there are eight, as this
appeared to be to me most probable. On the other hand, one area in section (at
“a”) was not entirely clear, so it could also be nine segments. It is to be noted
that the loops lay not exactly in one plane as Fig. 11 represents it, but to see
them all, the micrometer screw had to be adjusted a little. Between the segments,
which point to each other with the open side of their angle and which are of
different thicknesses, one can see fine achromatic joining threads. No spindle
or pole radiation is to be seen. The interpretation of the mitosis, to my mind, is
beyond doubt. The figure is at the beginning of anaphase. That metakinesis has
already finished is evidenced by the position of the shafts with the tips pointing
away from each other, with open angles turned towards each other. For this
reason, a confusion is not possible, and also not with the deviant metaphase of
its so-called homotypical form as illustrated by Flemming (above, Figs 38-40)
and described in the text. But the number of loops in these two parts is not the
same. So thus, we have a process here which clearly contravenes the commonly
accepted law of van Beneden, Rabl, Heuser, Roux and others, namely that the
chromatic nuclear substance has to be divided with mathematical regularity into
two similar halves. As far as I am aware, this is the first definite proof of such an
occurrence, with the exception of a finding of Boveri’s, to be mentioned later.
What remains unclear is whether not all of these segments split or whether the
split segments embark on an asymmetrical movement. Neither here, nor in the
forms to be described later, was there any reason at all to assume any perishing
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(Untergang) of individual chromatin loops. All these loops were absolutely intact,
stained very well and showed no signs of disintegration!.

I There would still be the possibility that a piece of the cell had been cut off by the microtome knife,
something which does happen sometimes. Such cut-through cells are always recognisable as such
and never form such a closed-off body as the cells under discussion.

Once I had discovered this cell and convinced myself that this was not an arte-
fact, I began searching for similar figures in other epithelial cancers and other
epithelial tumours and hyperplasias and soon discovered a large number of such
mitoses, which I will go on to describe in the sequence of mitotic phases.

Thirteen epithelial cancers were examined, the diagnoses of which had been
proven absolutely by the microscope, and in some cases also through the clinical
outcome. There were five cancers of the vocal cords, one rodent ulcer of the
right temple of a 55-year-old man, one cancer of the seborrhoeic skin gland (v.
Volkmann), a breast cancer, a cylindrical cell cancer of the descending colon
of a 45-year-old man, a lip cancer of a 73-year-old man, a carcinoma of the
cheek of a 60-year-old woman, a skin cancer of the nose of a 70-year-old man
and one liver metastasis of a cancer of the stomach. In addition, the following
were control tissue for comparison: a tuberculous pachyderma verrucosa of the
posterior laryngeal wall; a wart of the posterior aspect of the uvula; a naevus
pylorus of a 2 year-old child; a wart from the tip of the uvula; two warts from
vocal cords and a corneum cutaneum of the nose of a four-year-old girl; a typical
skin wart; a leukoplakia of the vocal cord; a similar one in the vicinity of a
cancer; and papillary condyloma of the penis. THE FINDINGS COMMUNICATED IN
THE FOLLOWING WERE ALL FOUND IN THE IT ($ic) MALIGNANT TUMOURS, WHEREAS
THE OTHER TUMOURS AND OTHER SKIN CONDITIONS AND HYPERPLASIA DID NOT ALLOW
US TO RECOGNISE ANY HINT OF ANY SUCH SIMILAR CONDITIONS.

During the anaphase, there is nothing to be discovered of any, in principle,
important irregularity. It seemed to me to be of importance to determine at
which time the longitudinal splitting may have happened; given the small size of
the objects, however, this could be achieved with any clarity only in a few of the
tumours and even then in only a few mitotic figures. The most certain findings
on this question were found in the same tumour, from which Fig. 11 originates.
Here, I was often able to confirm adjacent chromatin loops with parallel shafts
lying closely beside each other, both in the monaster phase as well as
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in metakinesis. It is thus certainly possible that a delay in the longitudinal splitting 308

has, in parts, taken place.

An asymmetrical division of the segments naturally becomes visible in the
anaphase. Next, [ should like to report a case from the early stage of this phase,
where the asymmetrical division was clearly evident by counting. The figure is
taken from a rodent ulcer and is shown in Fig. 21, meaning that in the style of
Fig. 11, the segments appear all in one plane. This figure is of unusual clarity
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as one can see from the achromatic joining threads and spindles, which made
interpretation very easy and virtually ruled out any error. Moreover, fixation
had taken place in Flemming’s solution and hardening in a most meticulous way
in a Schultz’ dialysator. The segments differ only a little in thickness, they are
arranged in two groups and the open sides of their angles turn towards each other.
The one group contains 11 loops and the other 16. Here, again, an odd number
in the sum of the segments is striking, which by the way was not entirely clear
in Fig. 11, but only probable. Should this prove to be a more frequent or even
a regular finding in the presence of asymmetrical mitosis, this would indicate
very strongly that we are dealing here with a missing longitudinal splitting of
individual segments. This would immediately mean that in the one half, material
would be retained that should belong to the other half. Nothing on this point can
be concluded from the differing thickness of the loops, because the segments
often undergo irregular and uneven shortening and thickening in the anaphase
(see also Flemming as above). Thus, for the moment, these two observations do
not yet allow any certain pronouncement on the reason for such asymmetrical
divisions. Unfortunately I cannot report on any further mitoses in which the
data of asymmetry can be given in terms of numbers. Such observations must
naturally be placed among the extreme rarities. First of all, one must find mitoses
with very few segments; secondly, however these must all be in a very narrowly
limited stage of mitosis. For if the

anaphase has only progressed a little more, it is no longer possible to count even
a low number of segments. As they lie closely alongside each other, then also,
under the influence of reagents, (they) will much more easily fuse with each other.
Finally, these figures must have a favourable position vis a vis the optical plane.
The coinciding of these three factors, to which still many chance factors associate
themselves, and given that asymmetrical mitoses are already rather rare, means
that such mitoses are extremely uncommonly seen.

The further fates (Schicksale) of the asymmetrical karyokineses are,however,
so clear from other figures that one can be in no doubt at all as to what one is
dealing with once one is aware of it, even if the exact number of the segments
can no longer be counted. Such figures are not at all rare. That is to say, one
should not expect to find them at every step. Often, discovery of these requires a
considerable amount of time and tenacity, but so far [ have never missed one in
any single epithelial cancer I examined, whereas I have never found one hitherto
in benign epithelial tumours or in simple hyperplasias.

Here perhaps belongs Fig. 12, already described, because it seems to me that
one is dealing here with an asymmetrical division into two, in which, in the larger
part,a second asymmetrical division has occurred, thus resulting in an asymmet-
rical tristar. Further, Fig. 8 certainly belongs in this category. It is hard to interpret
and it cannot be said how much here is artefact and how much is nature. Only
one thing seems to be clear and firm, namely that in a cell which does not yet
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show any evidence of division, two chromatin figures, each of very different mass
(in tangled ball form — Knduelform- eds), are situated.

It should be mentioned further, in order to complete the examples of un-
clear forms, that Figs 13 and 23 represent diasters whose asymmetry is indeed
very slight, but which according to our knowledge of other findings is not to
be doubted. On the other hand, I will not attach any particular value to these
figures and will not throw a stone at anyone who doubts that they are actually
asymmetrical, based on the drawings alone, because in judging

divisions with only a small amount of asymmetry, the thickness of the nuclear
figure which cannot be reproduced in the drawing, plays a great part.

It is very different with other figures, however, of which examples will be
given here in Figs 10, 15, 16 and 24. Fig. 10 is taken of a young cancer of the
right vocal cord of a 48-year-old man. In the surrounding of the cancer there
was found ordinary leukoplakia, against which, however, the cancer was clearly
demarcated, so that there was only a narrow zone at most of tissue where one
could have doubts as to whether one was dealing with cells of the cancer or of
the leukoplakia. This specimen, which was obtained by laryngotomy, is of special
interest precisely because it allows one to recognise very clearly the contrast
between the karyokineses in the area of leukoplakia and those of the cancer.
Thus Fig. 10 shows a cell of moderate size (22: 16 p)*; it contains two daughter
stars, one of which is more than twice the size of the other. Both stars are joined
by achromatic threads, the peripheral ones being slightly bent outwards. In the
larger star a clear spindle can be recognised, which appears to me extraordinarily
sharply angled. Fig. 24 is taken from a carcinoma of the lip and follows directly
on this figure. The same is in anaphase but progressed a little further than the one
in Fig. 10. One notices already in the cytoplasm a slight creasing which allows
us to suspect an impending division of the cell into a larger and smaller part.
Fig. 15 is taken from an ordinary breast cancer. Here the indentation is well
advanced, so far that a small part of the cell is already detaching itself from
an approximately four-fold (by surface) larger part. Both parts lay obliquely to
the plane of cutting so that the smaller part lay higher than the larger part, so
that the connecting stalk, which should still be present at this stage, was covered
over. Thus in reality both cells could not be focused in one optical plane. But
the evidence for them to be still joined, however, is proved beyond doubt from
the clearly visible achromatic joining threads and by the fact that the transverse
division of the cytoplasm was complete at high and deep focussing, but at middle
focussing was clearly interrupted, as is

* it is unclear whether Hansemann means a ratio or a range (eds).

illustrated in the drawing. The figure is apparently/obviously (offenbar) just at
the end of the diaster phase, shortly before the dispirem. Fig. 16, finally, comes
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from a sebaceous gland cancer. The difference in the number of loops in the
various other mitoses of this tumour is extraordinary. Fig. 16 itself represents an
analogue to Fig. 15, but it is much clearer because both parts lay in the same
optical plane.

These individual examples may be enough, seeming to me, as they do, to
prove that an asymmetrical karyokinesis occurs, and I believe further that I may
be allowed to propose the assertion that the mitoses with a lesser number of seg-
ments are derived from those with more segments specifically by asymmetrical
division*. In consequence of this, these cells containing** fewer segments must
be viewed as the aftermath of the processes described above and must be consid-
ered valid proofs of the occurrence of asymmetric divisions, even if these latter
are not to be found. In this, however, it is to be noted that here one may consider
only the absolutely hypochromatic cells vis d vis the hyperchromatic cells and not
the relatively hypochromatic cells. In this way one derives three forms, hyper-,
normo- and hypo- chromatic cells for which, however, no exact measure can be
given at this point, so that the borders between the forms become indistinct and
only the extremes can be adduced as proof.

If one now seeks to investigate further what becomes of these things, we
have, as I believe to distinguish between the larger part pieces (Theilstiicken)
and smaller part pieces of such cells. If we first deal with the latter, it is indu-
bitable, according to available findings, that cells with a small number of loops
are still capable of further division, to be precise, following the usual scheme of
karyokinesis with little deviations which do not exceed the extent of the physio-
logical deviations. Thus Fig. 14, already mentioned,demonstrates a monostar with
nine loops and Fig. 22 such a one with only eight loops, of which one is slightly
displaced (see also Flemming above). In both cells the polar (polstindige) lo-
calisation of the loops is striking. But then, really frequently, figures are found
whose interpretation causes considerable difficulty.

*this point, even with what follows in this paragraph, caused confusion among contemporaneous
authors — see chapter 4 (eds).
** enthaltenen thought to be a misprint for enthaltenden (eds)

I give examples with 19 loops in Fig. 9 and with 18 loops in Fig. 19 (in both figures
the loops have been projected into one plane). Both, with a little trouble, can
be recognised as being at the beginning of the metaphase. In such cases there
was never anything more to be discovered of achromatic threads. Now, however,
thirdly, one finds forms which are entirely uninterpretable and for which Klebs’
term “disorder” (Unordnung) seems particularly appropriate. As examples I cite
Fig. 4a (carcinoma of the larynx), Figs 17 and 18 (cancer of the sebaceous skin
gland). Especially the latter two, as far as their position in the sequence (Reihe) of
mitosis is concerned, are quite incomprehensible, and Fig. 18 is then the example
of a further phenomenon, in which the individual chromatin pieces take up the
dye only badly, and their borders appeared somewhat blurred, as if they were in
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the state of initial dissolution in the cytoplasm which, of course, would mean the
ruination (Untergang) of the cell. This question, whether one would be entitled to
place these three forms into a relationship of interdependency, I do believe one
can affirm by reason of the analogy with other observed facts in living cells. Imean
the expulsion of polar bodies (Richtungskdorperchen) from the egg. Certainly, in
general, nothing is known here of a numerical difference in the nuclear thread
pieces. Only twice did Boveri observe (Jenaische Zeitschrift, vol. 22) that the
direction body in the worm Ascaris megalocephala contained only one rodlet,
whereas the egg contained one extra loop. During the expulsion of the direction
body, by a typical karyokinesis, a part — which is very unequal to the egg — is
expelled,which either immediately perishes or beforehand divides one or several
times mitotically. When in our cells the process of ruination follows on, it is
obviously not tied to a specific number of nuclear thread pieces.*

What happens to the larger segments is perhaps more difficult to tell. There
is in any case nothing to discourage us from assuming that they re-form them-
selves into the resting nuclei of the cancer cells proper, whose chromatin content
depends essentially on the number of segments. The size of these nuclei is not
solely connected with this process,

* whether the “our cells” refers to tumour cells, or human cells in general is not clear (eds).

for one finds small nuclei which contain unequivocally more chromatin than
some large nuclei. These cells now may perhaps divide symmetrically for a long
time, or also soon again yield asymmetric part pieces. Nothing definite can be
said about this.

I wish to comment only briefly on the methods of investigation used. The
best results were obtained as usual by fixation in Flemming’s solution or sub-
limate. Individual good successes were also obtained with 100 per cent alcohol
which, however, I never applied deliberately. Numerous colleagues, in the most
charming manner, sent much material in 100 per cent alcohol, but only 10 per
cent of these samples were suitable for the detailed study of the mitotic figures.
Therefore, I recommend 100 per cent alcohol usage only if, for external reasons,
the more complicated method is not appropriate. The sections were embedded
in paraffin according to protocol and after being glued on to the glass slides, were
then stained with haematoxylin and eosin or saffron and nigracin. Staining en
bloc of the pieces beforehand was less successful.

It should be noted again that asymmetrical cell divisions and their probable
resulting phenomena were found in 13 epithelial cancers whereas in 11 “benign”
tumours and hyperplastic states nothing of this nature was discovered. On the
contrary, apart from regular mitoses, only a few triple and multi-divisions were
shown. Now, however, I must expressly emphasise that I am not trying to say
that asymmetrical mitosis only occurs in epithelial cancers. The material exam-
ined is not remotely extensive enough for such a statement and apart from this,
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there are four reports in the literature, albeit doubtful, concerning asymmetrical
divisions in non-cancerous tissue. 1) Mayzel reports in a Festschrift for Hoyer
(this document is in Polish and I therefore cite Schottlinder) on a quadripartite
division in a connective tissue cell of an axolotl larva which, while he observed
it directly, was carried through into four in such a fashion, that from the one
cell, three small connected cells were formed with tiny nuclei, together with one
large cell with a large nucleus. 2) Rabl (Morph. Jahrb. vol. 10. 1884) observed in
a kidney epithelial cell of Proteus, two daughter stars of unequal size, one

approximately half the size of the other. He interpreted this to mean that orig-
inally three poles existed, two of which had joined together. 3) There is a figure
of Schottldnder’s (see above, Fig. 12) which I find suspicious. The figure clearly
shows an asymmetrical division but nothing is said about this in the text, so it is
not obvious from this whether perhaps some loops were still situated under the
plane of optics and are not depicted in the drawing 4) Fig. 50, p. 528, in Klebs’
book, points to similar processes with the corresponding explanations and text
which I have already cited above. The figure is meant to depict a papilloma of the
bulbar conjunctiva, very likely the same that he has mentioned in Fortschritten
der Medicin (1888, p. 906, “On the formation of nuclear chromatin”), the ma-
lignancy of which, however, as Klebs says himself, cannot be excluded without
doubt. Although these four findings described above may be interpreted in differ-
ent ways, they do not yet provide the negative proof for the exclusive occurrence
of asymmetrical mitoses in cancers. However, one can probably maintain that
no epithelial cancer occurs without asymmetrical mitoses. And I believe that I
can support this assertion: firstly, through my own findings described above;sec-
ondly, through the data of Pfitzner and Klebs concerning the different number of
nuclear thread pieces and cancers; thirdly, by the different shape and size of the
nuclei in cancer cells which have always been a generally-recognised and much
emphasised characteristic feature of tumours and, as I believe that I have shown
now, have their origin in asymmetrical division.

In the general law of the symmetry of karyokinesis, an exception to this law
must be given greater weight especially when itis repeatedly found in a particular
class of pathological structures, this being cancers of the epithelia. In addition,
thereis the significance which in recent times has been attached by all researchers
to the number of nuclear thread segments for the biological attributes of the cell.
Asymmetrical division seems to be

particularly critical from the point of view of panmerism which means, as is well
known, that certain biological properties of a cell are intrinsically linked to def-
inite formed elements of the cell. These formed elements consist of more than
one molecule, and by growth and division, pass on from mother cell to daugh-
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ter cell. Whether now one collects all these properties together, and with Nageli
(“Mechanical-physiological Theory of Heredity”. Munich and Leipzig 1884) and
Weismann (On Inheritance, Jena 1883 and “The Continuity of Germinal Plasma
as the Basis of a Theory of Inheritance”. Jena 1885 and so on) calls them “id-
ioplasmata”, or whether, with Hugo de Vries (“Intracellular Pangenesis”, Jena
1889) one identifies them individually as “pangenes”, I still believe that I must
maintain that the parts characterising the cell, even if mainly from the nucleus,
are not exclusively— as many would like to maintain— in the chromatic substance
of the nucleus, but are also to be sought in the cytoplasm. The facts which speak
for this have been recently assembled by H. de Vries (as quoted above) and he,
as a botanist, draws his examples mainly from plant biology. I believe there are
sufficient analogous examples from cell theory of the animal kingdom. Unfortu-
nately I must refrain from going into the details of these interesting studies and
should just like to mention in advance that the following considerations are all
built up on the basic idea of Panmerism in the sense already indicated.

From this standpoint, one will find numerous asymmetrical cell divisions in
each embryogenesis, in the sense that the daughter cells are not equal to each
other in value, and taken together represent up to the potential worth of the
mother cell. The qualitatively unequal cell division alternates in ontogenetic de-
velopment with qualitatively equal ones, so that, in tracing out cell pedigrees,
one can identify certain steps or “generational stages”. It is not difficult to find
examples for this in the field of comparative embryology. Already the first cleav-
age of the egg is in many cases a qualitatively uneven one. A classic example of
this

process is the paper of Weismann (Contributions to anatomy and embryology, 316
Festschrift for Henle, Bonn 1882, p. 80) on the development of Rhodites Rosea.
One divided piece of the first nucleus migrates to the posterior and the other

one to the anterior pole of the egg. The posterior one divides first, forming the
“blastoderm”. Only then does the anterior one divide and there arise the so-
called inner germ cells which form the wall of the mid gut and then also move

into the mesoblast.

Similar communications are given by Grabben (Arch. f. Mikr. Anat. vol. 14)
and Dohrn (Zeitschrift f. wissensch. Zool. vol. 26). In other cases, on the other
hand, the very first division of the egg signifies no qualitative- but a quantitatively
different division,in the sense that the “first plane of division of the egg represents
already the median plane for the future embryo, so that it divides the material of
the right body half from that of the left body half” (Roux).This was found by Roux
(this Archive,vol. 114) and by Pfliiger (On the influence of gravity on the division
of cells. Arch. f.d. ges. Physiologie vol.31,1883) for the frog egg; van Beneden and
Ch. Julin (Segmentationin the Ascidia and their relationships to the organisation
of the larvae. Arch. de Biologie 5. 1884) for the Ascidia; Kowalewsky (Zeitschrift
f. wissensch. Zool. 1886) for Carassius auratus (bony fish). In many other cases
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the same things may occur, and the qualitative work division must only begin
later. Only the cells of the Homoplastidia (described by Gotte) would, during
the entire development stage, proceed solely by quantitative work division.

If we could monitor these processes during the entire period of ontogenesis
right into their details, then we would have reached the ideal as Virchow in his
“Cellular Pathology” (p. 82, 4th edition) says: “A more detailed knowledge of
the pedigrees of tissues will solve many a still-remaining riddle.” But we are
far distant from this in the case of the highly differentiated tissues*. For plants,
already since Mohl’s time, we have begun with this, and for many plants, the
pedigrees are virtually complete (for example, for Equisetum.K. Goebel, “Basic
features of Systematics and of Special Plant Morphology” 1882, pp 286-304).
Weismann has begun to lay the ground work, especially for the germ lines of
some animals

* here von Hansemann uses differentiation in relation to comparative studies: i.e. the phylogenetic
meaning, chapter 3 (eds).

(Concerning the question of the immortality of uni-cellular organisms. Biol. Cen-
tralbl. vol. 4, nos 21 and 22; “The origin of sexual cells in the Hydro-medusae”.
Jena, 1883, and elsewhere). In higher order animals it is granted to us to begin
only at single points in the cell pedigrees and to have the ability only to follow
them through for a short while. From these studies, two pivotal statements can
be derived:

1) WITH EVERY FURTHER QUALITATIVE WORK DIVISION, THE CELLS LOSE THE CAPA-
BILITY TO EXIST AUTONOMOUSLY.

2) WITH EVERY NEW GENERATIONAL PHASE A CHANGED GROWTH ENERGY [“NU-
TRITIONAL, FORMATIVE, AND FUNCTIONAL ACTIVITY” (VIRCHOW) | TAKES PLACE WHICH
OFTEN MANIFESTS ITSELF IN A CHANGE IN DIRECTION OF GROWTH.

Concerning 1) The least differentiated cell is the mature egg cell. It contains
potentially the sum of all cellular properties of the future body. In contrast, the
cell also possesses the largest degree of autonomy because it detaches itself from
the body of the mother animal in order to embark on long wanderings, and finally,
with or without fertilisation, to form the basis for a new individual. This property
of the autonomy of the egg cell is so prominent that it caused Rolph (“Biological
Problems”, Leipzig 1884) to attribute equal importance to the egg cell compared
to the whole of the rest of the body in the sense that there is a generational change
between the sexually differentiated egg cell and the sexually not differentiated
multicellular parent organism (pseudosexual main generation)*. If the mature
egg cell divides and if the part products of division are of unequal measure, then
a certain altruism arises between both daughter cells, that is to say, one cell takes
on a sum (Summe) of the kinds of functions of the now two-celled individual,
and its activity is also of benefit to the other cell which has taken over the rest
of the functions, and thus for its existence has become dependent on the other
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and vice versa. In other words, one of these daughter cells cannot exist without
the other. The same takes place at each further generational stage, only that now,
by divisions which are often of equal value, single cells are substituted by large
groups of cells.

* this refers to asexual versus sexual proliferation in fungi etc (eds).

Hereto, the same altruism exists between different groups of cells; for example,
protective epithelia, secretory cells and phagocytes (Resorptionszellen) and so
on. If only one of these kinds of tissues is removed, then the sum of everything
else goes to ruin. Also the findings by Roux (as noted above), that one cleavage
sphere of the frog egg develops into a hemi-embryo, if one destroys the other
sphere, speak completely in favour of these views even if they also present a
negative proof, because the same researcher has shown that the first division
of the egg in frogs is a qualitatively equal one, and thus not compromising the
autonomy of each half.

The division of functions between two unequal sister cells is, on the other
hand, certainly not so complete as, according to all this, one would have to as-
sume, and has also in fact been maintained by some researchers. For example, let
us imagine a cell which essentially has two functions which, however, maintain
balance and as a result of this are latent. Such a cell, for example an embryonal
epidermal cell from which glands later develop, could be represented by the fol-
lowingscheme: ______........ The dashes should represent the later epidermal
properties, the dots, the gland-cell properties. Then, in further differentiation,
the division cannot possibly proceed in such a way that the two daughter cells
would look as follows: one, _ _ _ _ _ _ and one, ....... If that were the case
it would be inexplicable how superficial epithelium could be developed from
glands, eg, as found in the puerperal uterus (see also Friedldnder “Physiological
and anatomical investigations of the uterus” Arch. f. Gyn. vol. 9, p. 22). Probably
here too belongs Heiberg’s attempt, (Centralbl. f.d. med. Wiss. 1872,No 12) who,
by transplanting a piece of tissue from the wall of an atheroma* cyst, that is to say
derivatives of glandular cells, created normal epidermis on a wound. (Heiberg
himself on the other hand interpreted his own experiment in the opposite sense,
concluding that atheromata must have been generated by invaginated epider-
mis). This substitution of related tissues seems, however, to take place only when
the common ancestral cell lies only a few generational stages back. For example,
it is not possible to substitute cells of the ectoderm by enterodermal cells and
vice versa. The

* thought to mean the lesion known as “epidermoid” or “epidermal” or “sebaceous” cyst (eds)
surgeons know the persistence capability of the epidermis and not infrequently

it causes them difficulties, for example, for the plastic covering of large defects
in the urinary bladder. It is well known that keratinisations in gut lining cells are
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not rare, particularly pachydermia of the larynx has recently often been an ob-
ject of research. Similar situations have been described concerning the bronchi
of the stomach* of low order mammals, the renal pelvis, the uterus, etc (see also
the recently published work of Posner in this Archive, vol. 118,p.391).1 retain a
preparation of a congenital everted Meckel’s diverticulum, the outer epithelial
layers of which, although not exactly keratinised, are nonetheless multilayered
and flattened in the upper part. However, all these examples, to my mind, do not
seem to prove that these tissues have become external epidermis with identical
properties to skin, but only that the cells of the gut gland lining and so on, given
certain circumstances, have the ability to keratinise. There are reports alleging
that even frog skin transplanted on to human wounds has led to the healing of
those wounds (Baratoux and Dubousquet-Labordie, Animal grafting with the
skin of the frog in losses of cutaneous and mucous substance. Progrés med. 1887,
No 15).The same is reported of transplantations of small pieces of cornea taken
from rabbits into human beings (Chisolm, Maryland Medical Journal, 1888, June
30, and New York Medical Records XXXV, 1. Jan. 1889. Also, Williams, St. Louis
Medical and Surgical Journal, vol. XXXYV). Here there can be no further ques-
tion at all of a real substitution, but only a certain stimulation of neighbouring
tissues to elicit renewed growth activity caused by those transplanted pieces. The
significance of those transplantation experiments in regard to these questions
has already been elaborated by Virchow (this Archive, vol. 79). Even in lower
animals such a substitution of endoderm by ectoderm and vice versa is not pos-
sible as Nussbaum has proven (second essay on the divisibility of living material,
Arch. f. mikrosk. Anat. vol. 29). Thus the opinion of O. Hertwig (Development
of the Mesoblast (mittleren Keimblattes),Jenaer Zeitschr. 1883) that “the proto-
plasma of a cell conceals within itself various capabilities in order to be able to
differentiate in this or that direction; and it

* “bronchi of the stomach” probably means the “pits” of the gastric mucosa through which the
secretions of the glands-proper of the mucosa empty (eds).

depends only on the specific demands which are made of the cells occupying a
specific position in the body,so that they develop this or that property in a special
way, and thus can function better according to the object in each case” —is only
correct under certain conditions, that is to say, only for closely related cell types,
but not, however, for those whose common ancestor cell lies many generational
stages back, or perhaps is only to be sought in the egg.

Kolliker (Zeitschrift f. wissensch. Zool. vol. 40, 1884) and Fol (Rev. med. de
la Suisse romande, 1884) as well as Haeckel (Jena Scientific Journal 1884) are of
the same opinion, up to a point, as Hertwig. Thus, I have come to the conclusion
that the division of idioplasmas is never a completely pure one, so that in every
cell main and subsidiary plasmas are present, of which the main plasmata form
the actual idioplasma of the cell, whereas, on further differentiation, the lesser
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plasmata disappear more and more and, finally, are no longer noticeable at all.*
However, there seems to be evidence that even these last unsuspected remains
of lesser plasmata can achieve a certain mastery under special opportunistic
circumstances. The interesting experiments of M. W. Beyrink show that under
the influence of cells, the Poa nemoralis can develop roots at a place where this
normally never happens (“The gall of the Cecidomyia Poa”. Botan. Zeitung,
1885, no. 2) and causes roots to grow forth from the actual galls of Salix purpura,
which were totally identical with young roots of the same species of willow (On
the cecidium of Nematus Capreae. Botan. Zeitung, 1888, no. 1). Here we seem
to be dealing with the re-emergence of germinal plasma in an otherwise purely
somatic (somatischen) cell line.

To come back to our initial scheme, a division of this embryonal epithelial
cell could look like this: _ ___.. andso__....

So far we have only been talking about a steadily increasing rate of differen-
tiation with asymmetrical division. This assumption, however, is only applicable
to the so-called

* This presages the “obligatory-" and “facultative-” genomes of Foulds (1968;1975)and the “special-
isation” genes of current cell biological terminology.

maximally undifferentiated cell, the unfertilised mature egg. Thus, at some stage
there has to be a dedifferentiating process as opposed to differentiating ones,
because it is beyond doubt that at certain times, the immature egg cell represents
a fully characterised somatic epithelial cell. [Were one to give names to these
processes, the differentiating and the dedifferentiating one, then “prosoplasia”
(from mpdow forward) should be chosen for one and “anaplasia” (v*backwards”)
for the other]. Whether this is the significance of the first polar body as Weismann
claims (On the number of polar bodies.Jena 1887* and earlier papers by the same
author cited there) or whether this happens beforehand, in some way or other,
in any case I cannot see how this process can be interpreted in any other way
thanin the sense of the expulsion of all parts bringing about the overweighting of
individual plasmas, so that those remaining behind maintain their balance once
more. If thus I may use a simplified scheme again, where the germinal cell, as
long as it is still a somatic cell, may be depicted with _ _ _ _ .. , then, following
completed maturity, it should assume - _.., meaning that _ _have to vanish from
it. One can see that my theory is very much similar to Weismann’s views, and
I would only like for the moment to leave indefinite whether in this process, it
really is the first polar body or the latter** alone that is responsible.
Concerning 2) When I said, “with each new generational phase there is a
different energy of growth which manifests itself in a change of direction of
growth”, one has to explain that this has often been interpreted exactly the other
way round in the sense that mechanical circumstances change the direction of
growth and, therefore, cells would assume a new meaning. This may actually
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happen in several instances, for example, when the originally cubical epithelial
cells of the Malpighian body of the kidney develop into the covering epithelial
cells of the fully-grown glomeruli and their capsules. This has on occasions led
people to call them endothelia because of their flat nature.

* English translation on pp 337-384 of Weismann (1889) (eds).
*** meaning the loss of excess chromosomes before the expulsion of the first polar body (see previous
sentence) (eds).

If, however, Hertwig states recently in his textbook (pp 59 and 60), concerning
glands and the central nervous system that these only arise by the formation
of folds, then it seems questionable to me that he will be able to maintain this
for long, especially in the light of him recognising differentiation (sharing of
work) as a second fundamental principle of development (p. 63). Specifically, in
the two processes that Hertwig describes as examples, the invagination of the
folds occurs in the direction of higher resistance, and is thus, for the moment, not
mechanically explicable, something which has already been pointed out by Boll
(“The Principle of Growth”, Berlin, 1876). One must therefore ascribe to the
relevant cells [which, by the way, are usually very well-differentiated morpho-
logically before invagination, as, for example, the animal stage of the vegetative
organism before the formation of the gastrula of Amphioxus (Hatschek, Studies
of the development of Amphioxus, Arb. aus d. Zool. Instit. zu Wien u. Trieste.
vol. 4, 1881), or also, specifically, the cells of the medullary plate], already be-
fore their invagination, their ability to effect precisely this invagination,i.e. the
differentiation precedes the change in direction of growth.

I am very conscious of the fact that in the above deliberations I have dealt
with a very broad and complex topic only in rough outline, and very incompletely.
A detailed working over of the matter would require space far exceeding the
framework of a mere essay. Touching on this theme may, however, be excused
by the fact that in so far as I wished to draw conclusions from my findings of epi-
thelial cancers, I had to take up a position with respect to a number of biological
questions.

If, now, from the standpoint of these biological questions, we summarise the
results gained from observation of asymmetrical karyokinesis in epithelial can-
cers, we have the following results:

In cancers one finds alongside the usual asymmetrical* mitoses such which
lead, immediately or only after a few divisions, to cells with extraordinary few
nuclear thread

* it is unclear whether Hansemann meant “symmetrical” here (eds)
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pieces. These asymmetrical divisions do not follow any rules as far as the number
of segments is concerned, that is to say, in this process, in one and the same
tumour, cells containing different numbers of loops are split off. This leads to an
ever self-repeating metaplasia of the tissue. It may well be that this occasionally
represents a so-called prosoplasia (which can neither be proven nor disproven).
It is likely that in most cases we are dealing with an anaplasia because one result
of cancer formation is epithelial cells with an heightened degree of autonomy
compared to their mother tissue. Those cells can often develop in the body far
away from the site of origin and lead there to ancestral cells of a new tumour
of exactly the same kind. This can even happen if cancer cells from one animal
are implanted into another. This fact, the possibility of which was doubted for
a long time because the corresponding experiments (see Virchow’s “Tumours”,
vol. 1, p. 87; further Novinsky Centralbl. d. Med. Wiss. 1876; and Ware, Deutscher
Chirurgencongress 1888 and 1889) were not quite perfect, has recently been
placed completely beyond doubt by Hanau’s success in rats (Fortschr. d. Med.
No 9, 1889). Nothing similar has ever been observed of a normal epithelial cell.
For all such experiments have hitherto led to the result that normal epithelial
cells,placed in a foreign location, will perhaps grow for a little while, but will soon
after be reabsorbed (compare Kaufmann, On the Eukatarraphie of epithelial
cells. Dissertation. Bonn 1884 — Zahn, Congres period Internat. Geneva, 1887 —
von Dooremal, Arch. d. Ophthalmol. vol. 19, p. 359 — Schweninger, Centralbl. f. d.
med. Wiss. 1881, no. 10 and Goldzieher, Arch. f. exp. Path. 11, p. 387 and many
others, in particular, Klebs on Embolisms of the liver cells in his book in 1889,
p- 120).

Each asymmetrical division of the cell means a change in its differentiation;
it is thus to be placed in parallel with a new stage of ontogenetic development.
According to this, the asymmetrical division must in every case be associated
with a change in growth energy and growth direction.

In epithelial cancers one has to distinguish two different types of cell which
can hitherto only be recognised by the type of their karyokinesis: firstly, those
with consistently lesser numbers of segments which either immediately or after
a few more divisions, but in

any case soon, die a physiological cell death. Secondly, there are those which
divide symmetrically and somewhat regularly and thus contribute to the en-
largement and spread of the tumour. The latter are the real tumour cells, the
former might just be waste products. The main cells can keratinise and perhaps
also undergo fatty metamorphosis, and then die a physiological death sooner or
later, like the epithelial cells from which they originally developed (epidermis,
sebaceous glands, milk glands). A large number of these tumour cells, as is well
known, do not perish in a physiological way, but in contrast, in the pathological
way.
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I'have called many cells, perhaps all major cells of epithelial cancers, “anaplas-
tic”, i.e. they have passed from a higher state of differentiation to a lesser one.
The question now is: is one justified, as happens on many sides, in calling these
cells embryonal? Here, I do not wish to adduce all the reasons which have been
advanced against this with complete justification. Only a few refutations of this
terminology should be mentioned here. Embryonal epithelial cells are those
which have not reached the highest possible degree of differentiation, in which,
however, the capacity lies to reach this degree of differentiation. Specifically
this latter ability is extraordinarily constant in all embryonal cells, and they do
not abandon it even in relatively unfavourable circumstances. For example, if
one implants in the anterior chamber of the eye of a rabbit a tiny piece of skin
of a rabbit embryo just before the hairs have developed, from day 14 to 18 of
embryonal development, this piece of skin will heal without problems but the
epidermis keeps developing and forming hair follicles which can be clearly seen
with a magnifying glass through the cornea. This development of hairs is only a
little retarded, despite this great change in circumstances and can be seen with
the naked eye in 14- to 18-day embryos, about 11 to 15 days after the

operation. I have carried out such experiments several times with constant re-
sults. Once the circumstances were still more unfavourable. Five days after the
operation, the iris prolapsed, through which the already fixated fragment man-
aged to get out. Even despite a heavily purulent conjunctivitis which developed
afterwards, 16 days after the operation the greatly enlarged skin fragment was
covered by long hairs. After the pieces of skin have grown for a while, the hairs fall
out and the whole tissue is resorbed. Based on this I believe it is rather unlikely,
after such successes, that any piece of epithelium which is not “differentiated
out” (un-aus-differentiated) can persist anywhere in the body*. Thus, as far as
anaplastic cells are concerned, they must not be confused with embryonal ones,
in fact, there is a clear contrast between the two and the embryonal cells begin
where the anaplasia ends, with the egg.

* “persist” here seems to mean “persist in an embryonal state”. Such an opinion would be in oppo-
sition to Cohnheim’s theory of “cell rests” (see chapter 4 — eds).
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Explanations of the diagrams: plate IX

Allfigures are drawn with Zeiss apochromatic 2,0 oil immersion. Ocular 8. Only Fig. 16. with Ocular 4.

In Figs 9,11, 14, 18,19, 21, and 22 the thread pieces are laid in plane; in the remainder, the thread
pieces of other planes appear as a diffuse shadow, as they are in reality seen through. As a general
principle, the figures are presented in the most realistic way possible.

Figs 1,2,3,5,6,7, resting cells from a cancer of the larynx.

Fig. 4. Two cells lying alongside each other with different numbers of loops from another throat
cancer. a.scattered thread pieces and loops; the stage cannot be interpreted. b.somewhat unordered
monaster in transition to metaphase.

Fig. 8. Asymmetric diaster from the cancer in Fig. 1

Fig. 9. Hypochromatic cell from the cancer of Fig. 4.

Fig. 10. Asymmetric diaster from the same tumour.

Fig. 11. Asymmetric diaster from the beginning of anaphase with countable loops from the cancer
in Fig. 1.

Fig. 12. Asymmetric diaster from the cancer in Fig. 1.

Fig. 13. Probably asymmetric diaster from the cancer in Fig. 1.

Fig. 14. Hypochromatic cell from the cancer of Fig. 1.

Fig. 15. Asymmetric dispirem from a carcinoma of the breast.

Fig. 16. Asymmetric dispirem from a skin cancer.

Fig. 17. Unclear monaster (?) hypochromatic cell from the same cancer.

Fig. 18. Hypochromatic cell with disorder in the thread pieces and initial dissolution (?) of the same,
from the same cancer.

Fig. 19. Hypochromatic cell, monaster, from the same cancer.

Fig. 20. Somewhat disordered monaster from the same cancer, normal chromatin content or hyper-
chromatic.

Fig. 21. Beginning of the anaphase, with countable loops from a rodent ulcer.
Fig. 22. Hypochromatic monaster from the same rodent ulcer.
Fig. 23. Asymmetric diaster from a carcinoma of the sigmoid colon.

Fig. 24. Asymmetric diaster, earlier stage than in Fig. 23, from a cancer of the lip.

Detailed descriptions are to be found in the text.
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Chapter 8

On pathological mitoses

(Hansemann, 1891a)

Editors’ Summary of Points

p-356 methods,significance of early fixation— disagrees with Ribbert on this point,uses sublimate;357-
more on methods; 358 mentions Klebs’ work as supporting his own — mentions Hauser disparagingly;
359 reports studies of mitoses in more cases — finds none in sarcomas or non-tumourous conditions-
discusses hypochromatic,normochromatic and hyperchromatic cells in detail; 360 these terms refer to
the number of chromosomes per nucleus —difficulty of counting human chromosomes ;361 continues
discussion of nuclear chromaticity; 362 abortive forms in hypochromatic cells — loss of individual
chromosomes from the spindle as a mechanism of altered chromatin numbers; 363 normochromatic
nuclei can also show many pathological deviations — shortness and thickness of chromosomes —not in
normal human organs — delay in longitudinal splitting of chromosomes; 364 “chromatic connecting
threads” (now understood as chromosomal stickiness — eds) — polar bodies not seen in normal
humans but are seen in human tumours — division of the cell body occuring too late after division of
the cell nucleus being a cause of binucleate cells; 365 spindles and their fibres — resistance of these to
destruction; 366 cells with two or more nuclei in division — pluripolar mitoses; 367 pluripolar mitoses
are pathological forms — hyperchromatic cells in sarcomas; 368 Schottlédnder’s account of pluripolar
mitoses — hyperchromatic cells show most aborted forms; 369 clumpings of chromatin — variable
chromaticity of nuclei may be a diagnostic feature of malignancy.

In February 1890 I reported in Virchow’s Archive on a pathological form of mi-
tosis, which until then I had only had the opportunity to see in carcinomata. This
phenomenon has been reported on several occasions since and I personally have
observed more of such pathological mitoses in cancers as well as in numerous
other normal and pathological human tissues. Thus I was able to form a certain
conclusive judgment on their significance.

Most of the tissue material was given to me courtesy of Prof Kiister, currently
Director of the Augusta Hospital and by Geheimrat von Bergmann and many
other dear colleagues, to all of whom I am grateful for the friendly donation of
fresh material to me. I might explain at this stage that it is necessary to have the
best tissue preparations in order to study pathological mitosis, meaning those
which have been transferred straight from the living body into fixation fluid
warmed to body temperature. Incidentally, on this matter I do not quite agree
with Ribbert (Centralblatt fiir Pathol. Anat. vol. 1, p. 667) in that I demand any
further tissue preparation should be omitted in order to get the earliest possible
fixation. This is best achieved with concentrated aqueous sublimate solution.
The way I do it is that I dissolve sublimate in excess in boiling water and let it
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crystallise when it gets cold. If kept in a dark bottle the solution lasts a very long
time. In this solution I place my pieces of

organs, the pieces as small as possible and they remain in the fluid for anything
between 10 and 60 minutes depending on their size. If there is a necessity to fix
larger pieces, fixation of which would take longer than one hour, I recommend
choosing an alternative method. This is because if organs are fixed in sublimate
any longer than that, most tissues, especially smooth muscle and epidermis, be-
come so solid that the blade of the knife will break on them.

Directly from the sublimate, small pieces are transferred into diluted methy-
lated spirit without a washing step. From there they will be transferred into 100
per cent alcohol in Schulze’s dialysator and finally embedded in paraffin accord-
ing to standard protocol.

In order to see karyokinetic figures I never stain pieces first, having had
several bad experiences with that method. I prefer to glue the slices on to the
slide and then stain them while vertical in a tall vessel. This way precipitates are
kept to a minimum, especially when one stains with haematoxylin, as I usually
do. The dye should be as dilute as possible and the staining process should last
15 to 24 hours. The reason for this is that the chromosomes look more slender,
which is of some importance given the small size of the karyokinetic figures. All
aniline dyes create precipitations on the chromosomes, which I find extremely
awkward, the only exception being the safranin method of Flemming. However,
this staining method gives the chromosomes a strong shine, which blurs their
borders. High-contrast staining of diluted Bohmer’s haematoxylin, after20 hours
of incubation, delivers the best results for human mitoses.

The slices should not be too thin, otherwise it may happen quite often that
cells get cut in half. The best safeguard is that one only estimates the amount
of chromatin, or the numbers of chromosomes, in such cells in which one can
definitely see the upper and lower border and as well, the upper and lower
borders of the neighbouring cells. This insures us against evaluating cells which
have been cut through. Even in perfect preparations one must not evaluate any
suspicious cells. Otherwise one might find oneself in the same situation as Schiitz

(“Microscopic Findings in Carcinomas”, Frankfurt a.M., 1890), namely being
accused of having evaluated lots of artefacts. This accusation has recently been
refuted by Alberts as far as asymmetrical karyokinesis is concerned (Deutsche
Medicinalzeitung, 1890, vol. 93, p. 1043).

Klebs,and quite recently Hauser (“Cylindrical Carcinoma of the Epithelium”,
Jena, G. Fischer 1890, p. 72), have confirmed my findings. Klebs says (Deutsche
med. Wochenschr. 1890, vol. 24): “Whilst in place of the normal secretory activity
of the epithelia, or of activity generally directed to the production of specific
products of metabolism, excessive and irregular growth appears with irregular
karyokinesis, as was especially described by me in my book, and recently an-
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nounced by Hansemann as confirmed, the assumption of a deep-seated change
in function seems quite specifically to be a postulate whose real existence, on
the other hand, remains to be proved.” I would like to remark that in his book
Klebs has only spoken of the following “... that it is not uncommon to find very
chromatin-rich parts right next to chromatin-depleted ones in the same cell...”,
while true asymmetrical cell division, as far as I know, has been described first
of all by me. I see that this might well be more than mere confirmation of Klebs’
findings.

Hauser must have been oblivious of my findings as well as those of Klebs since
he fails to mention them. As far as the asymmetrical karyokinesis is concerned
Hauser limits himself to the sentence “... that not infrequently the mother stars
disintegrate into daughter stars of consistently unequal size.”

As far now as asymmetrical mitosis is confirmed I would like to say in advance
that I found these phenomena, since February 1890, in 20 further carcinomata
(and in all which I examined when they were fresh enough), sometimes more
frequently and sometimes less commonly. Some examples are shown in Figs 1-8.
Here, of especial interest are two cells from the same case (cancer of the lip in a
69-year-old man) but from different cuts, no. 7 and 8. no. 7 is characterised by an
extreme asymmetry and in no. 8 the asymmetry is

present in a tripartite division (cf. my treatise, this Archive, vol. 109, Plate 9,
Fig. 12).

In no other tumour, not in sarcomata, in no hyperplasia, in no inflammation,
nor in state of regeneration in any normal tissue could even a hint of asymmet-
rical divisions be found!. One is thus confirmed in the view that asymmetrical
mitosis is likely to be characteristic of carcinomata. However, I have pronounced
the theoretical possibility (see above) that they could be found during normal
development at the interfaces of generational stages.

In contrast, in almost all pathological tissues other forms of nuclear divisions
can be found, which will be the subject of systematic discussion in more detail
here. The latter can be classified in two ways; first, according to the number of
the chromosomes and, secondly, according to the physiological valence of the
cells. If one combines those two principles the following order will be revealed:

I  Hypochromatic cells (with fewer chromosomes than the tissue in question
usually reveals, thus the hypochromasia is always a relative one).
a) Bipartite partitions
b) Multiple partitions
c) Aborted forms

II Cells with normal chromatin content
a) Altered chromosomes
b) Altered centrioles
c¢) Altered cellular division
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III Hyperchromatic cells
a) Two component giant cells
b) Multipart giant cells
c) Aborted forms

As far as the assessment of the amount of chromatin goes, this is never possible
in a “resting”* cell, just as little does it depend on the thickness or fineness of

I In total, T have at my disposal the most exact examinations of more than ninety perfectly-fixed
specimens.
* interphase (eds)

chromosomes, but only their number is important. And if in the following text
the terms hyper- or hypo-chromatic are used, then that refers only to the number
of chromosomes. Now it isindeed correct that only in most rare cases is one truly
able to count the number of chromosomes. Hauser reports (his abovementioned
publication on p.72) that the number of chromosomes in cancers of the stomach
might vary between eight and 12. That is certainly based on an error. In normal
human tissue I have never been able to count the chromosomes with absolute
certainty given their great number. In one case, I was convinced I had 18 chromo-
somes, in another case that I had 24; however, without having any guarantee for
the certainty of these numbers. In a third case [of loose tangles (Knduel) within a
normal endothelial cell without longitudinal splitting of the chromosomes] there
were with certainty more than 40 chromosomes. I have shown (cited above) that
in carcinomas, hypochromatic figures with seven chromosomes occur; however,
these are decided rarities and are, as I have said, probably a so-called ‘aborted
form’. As until now, in most cases, it is impossible to determine the number of
chromosomes; one has to hold on to extreme values as is also the case with
asymmetrical figures.

I. The hypochromatic forms are probably only found in carcinomata. One
can assume in general that each cell whose chromosomes can be counted in
the state of the monaster, must be hypochromatic. Where this is not applicable,
one must determine the average size of all mitoses found in one specific phase
and according to this, judge their chromatin content. Thus, for example, in Fig. 9,
cell “a” is in a monaster (diastole), from which I have formed the opinion that
its chromatin content is to be regarded as the norm for cells of a cancer of this
type (breast cancer of a 60-year-old woman). Cell “b” of the same Figure in the
same phase thus represents a hypochromatic figure (this latter cell was in the
same optical plane as cell “a”).

One might perhaps object that research based so much on such subjective
opinions rests on very weak feet (schwachen Fiissen), and 1 have to recognise
the awkward situation in which I find myself
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because of the lack of any absolute measure for the chromatin content. However,
everyone who has ever concerned himself thoroughly with these questions, will
admit that one can readily gain the necessary experience to judge chromatin
content with some certainty. After all,in the case of other investigations, one very
often speaks of increased numbers of cells, of enlargement of an organ and so on,
without being able to give numerical data and without the need to demand these
data, but supported solely by an individual’s experience. From this standpoint,
should like, in the same manner, to explain Fig. 11 (from same cancer as Fig. 9)
as being hypochromatic. In the same way, Fig. 10 (from the same cancer as Fig. 7
and 8) belongs here, and one can compare this one with Fig. 14 (from the same
cancer), the latter picturing a hyperchromatic form. Now the hypochromatic
form doubtless occurs also in multiple divisions, which is all the more striking,
in that one must regard the multiple division as a process which reduces this
enlarged number of chromosomes back to the normal measure (Masse)*. Fig. 13
represents such a hypochromatic multipolar cell, which, quite by chance, was not
cut through, although it was large in size. Here we are dealing with a metakinesis
(same cancer as Figs 9 and 11) with six spindles, of which spindle “a” contains
a sufficient number of chromosomes, whereas in spindles “b” and “d” too few
are found, and spindle “c” has hardly any, with two double chromosomes on the
left side only. The only explanation for a cell like this is that it was generated by
over-production of chromatin in a hypochromatic cell.

Incidentally, this figure is instructive in another sense. It clearly shows the
achromatic spindles; often, however, these are less clearly seen or even com-
pletely invisible. If one follows on with the idea of achromatic spindles, and looks
at the chromosomes only, they form a seemingly disorganized picture, especially
when one imagines that they are all in different planes, and in the drawing they
have all been transferred into one plane for illustration purposes. One can see
from this example that to understand any mitotic figure, the achromatic spindles
are always necessary. This must always

* here the noun “measure” has the sense of overall amount (eds)

be taken into account in all those seemingly incomprehensible (unverstindlichen)
mitoses*, such as are found very frequently, specifically in carcinomata.

AsThave shown earlier (see above),abortive forms occur commonly amongst
the hypochromatic cells. Usually they present (compare also the diagrams there —
previous article) as pale, indistinct structures, the mitotic phase of which cannot
be clearly determined, whose chromosomes show irregular shapes and often have
blurred borders, such as are also found for example in Fig. 15. In many cases one
would be inclined to view these cells as being cut through**. However, they are
distinguishable by their clearly-delineated cell border, which can be confirmed
above all by the fact that above and below them still further cells lie in the same
cut.
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When I first saw these hypochromatic figures in conjunction with asymmet-
rical mitoses I believed that they could only come about through asymmetrical
division. Meanwhile, I have seen figures such as those in Nos. 16-22. Common
to all of these is that beside the ordered chromosomes and the monaster, a few
single additional ones are found, seemingly lost. All these figures originate from
carcinomata, with one exception — and this is really notable: — the one in Fig. 20,
taken from a sarcoma; in the latter, it was the only cell of its kind. Fig. 16 is per-
haps less reliable because the material had been taken from a corpse, whereas
all the others were taken from a living body and have been fixed without delay.
In these cells now, it is possible that the lost chromosomes somehow participate
in mitosis later on; because some of them show a clear longitudinal splitting, eg,
Fig. 21 and Fig. 22. But it is also conceivable that these chromosomes perma-
nently exclude themselves from the interior of the nucleus, and that in this way
a hypochromatic cell would come into existence. I was strengthened in this view
by a statement of Boveri’s (Studies of Cells,Jena, 1890, booklet 13, p. 63), which
describes a similar occurrence and places it in relationship with the reduction of
chromosomes in gametes. Schottlédnder has also described similar figures (Arch.
f. mikr. Anat. vol. 31, p. 457) as “lost loops” in the process of regeneration

* currently often referred to as “mitotic catastrophe” (eds)
** by the microtome (eds).

of Descemet’s membrane in the frog. In his case it seems likely that these lost
loops can regain a relationship with the nucleus figure later on, which is a scenario
not totally excluded from my figures either.

II. The pathological deviations in the division of cells with normal chromatin
content are very manifold. They occur in part also in hypo- and hyperchromatic
elements. Some of these are so minor that one is tempted to classify them within
the framework of the physiological area; as they are typically found, however,
as a rule only in mitoses which occur in unusual places, eg, in the high strata
of the Malpighian layers of warts, this seems to justify placing them among the
pathological processes.

The changes in the chromosomes consist mainly in the fact that they are strik-
ingly short and thick. Flemming (Arch. fiir mikr. Anat. vol. 29) has described
something similar in the testes of salamanders, and one can find them there very
commonly, usually in clusters. Apart from that I have found changes in chro-
mosomes in primordial eggs in the ovaries of newborn and embryonal rabbits
as illustrated in Fig. 28. In normal human organs, however, I have never seen
such structures, but I certainly have in pathological formations. Figs 9a, 13, 17,
22 and 23 give examples of this. With the exception of Fig. 23 all the Figs come
from carcinomata. Fig. 23 is taken from the highest layer of the rete Malpighii
of pointed (spitzen) condylomas. It seems that certain conditions, which cannot
be more closely defined, lead to the creation of such forms;in many cases none
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of them are found; where, however, they are found they are usually abundant,
often in one optical field.

Already earlier (as cited above) I have proposed the idea that a delay occurs
in the longitudinal splitting of chromosomes. More recently, as well, I was able
frequently to find many mitotic figures in the monaster phase, which made this
seem very probable to me. However, up to now it has not been possible in this
respect, to achieve certainty.

Chromatic connecting threads have previously been explained and

well illustrated as pathological phenomena, especially by Schottlander (as cited
above). I do not regard them as pathological since they are also found in quite
normal human tissues.

The polar bodies (Polkérperchen)* in human beings are usually at the limit
of what is visible at all,and in most mitoses they cannot be seen at all. In strong
proliferations and especially in certain carcinomata, they attain, however, a con-
siderable size. They stain intensively with eosin and are usually weakly shiny (in
the fixed and stained state). They have a round or slightly oval shape;in the latter
case, the long dimension is always perpendicular to the axis of division of the
cells. The polar bodies are well visualised in Figs 9b, 12,13, 24 and especially so
in 25 (metakinesis in a lip cancer).

That the division of the cell sometimes lags considerably behind the divi-
sion of the nucleus has been described by Flemming in pigmented cells of the
salamander larvae (Arch. fiir mikr. Anat. vol. 35), and Zimmermann showed
and proved subsequently that this process is only present in those larvae (same
Archive, vol. 36), which have been deficient in nutrition, and postulated that this
process might be pathological. In pathological conditions in humans, I should
like to regard the same phenomenon as a very frequent occurrence. In all pos-
sible pathological growths of any considerable kind one finds cells in which the
daughter nuclei have already built a membrane, yet a constriction of the cell
membrane is not to be noted. In addition, cells with two nuclei are relatively
common as | have seen for myself in many cases. Finally, there is no shortage of
shapes where the constriction only starts after daughter nuclei have been well
formed previously. A very nice example was delivered by a polypoid condyloma
in its epithelial cells.

Sometimes cells can be found in the anaphase, which were not divided by
constriction, but by the formation of a dividing wall as in plant cells, see also
Figs 26 and 27, but only apparently however. In the case of Fig. 26, one can see
with certainty a break in the middle of the so-called ‘wall’ by exact focusing, and
in the case of Fig.27 the constriction of the chromatic connecting threads, allows
one to recognise easily the true situation.

* Hansemann may have meant centrioles, not the polar bodies of oogenesis (eds).
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Such behaviour is shown in Fig. 18, Table XXII in Schottlander’s work (Arch. fiir
mikr. Anat. vol. 31).

The spindles and achromatic connecting threads, which are best demonstrated
after long exposure to diluted aqueous eosin, show remarkable constancy. I have
never seen a deviation from normal in them worth mentioning. That one can
sometimes see the achromatic structures, as also the polar radiation very clearly,
whereas in other situations they are hardly perceptible,seems to depend on some
chance factors, the nature of which has not yet been elucidated. But only one
thing is very striking here, namely that the spindles are most obvious in material
from corpses, which has been fixed at least 24 hours or longer post mortem, as
opposed to organs fixed when they still had body temperature*. If one looks
at Figs 31-34 with this in mind, it is easy to see that the chromatic figures can
be already completely destroyed (Fig. 34), whereas the spindles have lost none
of their clarity. However, central bodies (Centralkérperchen)** have not been
identified in these specimens.

III. Hyperchromatic cells are abundant in any state of pathological cell pro-
liferation and in point of fact, are the more common the more stormy the pro-
liferation. It is therefore probably explicable that they are found much more
often in cancers than in other proliferative states, but sometimes in very rapidly
growing cancers they only occur sparsely. In others, on the other hand, they are
so common that one finds several in every visual field with the usual magnifi-
cations of 500 to 600. If now, it is beyond doubt that most hyperchromatic cells
lead to multiple divisions, it is also still quite certain that bipartite giant cells do
also. Examples for this are Fig. 14 (from a cancer of the lip), which one should
compare with Fig. 10 from the same tumour, and also with Fig. 37, taken from a
sarcoma of the thumb, the usual cell size of which is depicted in Fig. 36; finally,
there is Fig. 39 from a common wart, in which the remaining cells were of the
size of cells to be found in Fig. 38.

Of greater interest than the bipolar giant cells are the giant cells with multiple
poles. Here, we have to differentiate between two sorts:

* this suggests an autolytic phenomenon revealing the stainable structures (eds)
** thought to be centrosomes (eds)

Firstly, there are cells with several nuclei in the process of division. Their mi-
totic figures can be in the same or in different phases of mitosis. Such forms
are depicted in Flemming’s publication in the Arch. f. mikr. Anat. vol. 18, Plate
VII, Fig. 16 and Plate IX, Figs 49a to 52. Furthermore, similar phenomena are
described in plant cells. Whether this form occurs in human beings as well I am
unable to say with certainty. The best object on which to study it might be the
giant cells of sarcomata. Klebs has described pathological mitoses in such gi-
ant cells (“Pathological Morphology”, vol. 2, p. 730); these cells were however,
pluripolar! as he very kindly told me personally.

152



On pathological mitoses

Baumgarten too (Zeitschrift fiir klin. Med., vols 9 and 10), describes nuclear
division figures in a tuberculous giant cell (p. 253 vol. 9); however, these were
not so clear that he could dare to produce a drawing*. Finally, the data given
by Fiitterer (Report of the Meeting of the Wiirzburg Phys. — Medical Society,
1887, 4 June) are not very satisfying either. Namely, Fiitterer says, “As far now
as the finding of giant cells (in a sarcoma of a mandible) are concerned, no clear
mitotic figures were visible, as appears to be necessary to assume karyokinetic
processes; yet, according to what we have seen we don’t doubt that they must be
present”. My own experiments have not fared any better, only one single figure
in a sarcoma, in the absence of any better interpretation of its appearance, could
be regarded as mitotic.

L It should be mentioned incidentally that Klebs’ pronouncement (same Archive, p. 721) “I have
to draw attention to the fact that nuclear divisions of cells labelled “karyomitoses”, so far as they
originate in human tissues (especially sarcomas), hardly justify this appelation. In part they are
darkish linear structures which proceed from the surface of the cell membrane, and divide the nuclear
substance into two or more segments; in part they are those incomplete divisions as described by
Arnold etc...” may well be in error. In every sarcoma I have examined so far, I have seen beautiful
and mostly typical mitoses, so that in this respect I agree entirely with Siegenbeek van Heukelom
(this Archive,vol.107).1I find these mitoses even more clear than they are depicted in his illustrations.
Fragmentations as Arnold describes I have never observed in sarcomas.

*this is not sarcastic in the original German (eds).

However, that is by no means certain, and if a picture is given here, then this
happens only because, perhaps, a chance finding in a more suitable specimen
could shed more light on this controversy some time later on.

Secondly, one observes the oft-described pluripolar mitotic figures (Figs 8,12,
13,24,29-35,41 and 42). Here, one could dispute, whether these are to be under-
stood as pathological phenomena or not. I have never found these phenomena
in normal human or animal tissue; as far as I know, they have been described,
in not provenly pathological circumstances, only in the testes of salamanders
(Flemming, Arch. f. Mikr. Anat. vol. 29). Flemming is inclined there to place
them among pathological forms; as far as humans are concerned, I would like
to associate myself with this unconditionally, because here, under pathological
circumstances, they are found very commonly. I saw the most beautiful and most
regular forms in an atypical epithelial proliferation (Friedlédnder) on the edge
of bad granulations (Figs 29 and 30), here however, they were not numerous. In
carcinomata they are very common, and sometimes so common that they out-
number dual divisions. Of the correctness of these observations of Martin (this
Archive, vol. 86), Tizzoni and Poggi (Rivista Clinica di Bologna) and others, I
have had various opportunities to convince myself on many occasions. When
Klebs states (as above, p. 529) that hyperchromatic nuclei are the rule in sarco-
mata, this can only be admitted for a selected few sarcomata. By far the majority
of sarcomata, especially lymphosarcomata and the slowly-growing osteosarco-
mata, feature only very tiny mitotic figures. Only in large-celled rapidly-growing
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sarcomata and in spindle cell sarcomata can one sometimes find hyperchromatic
structures. It should not be denied that one may occasionally find a sarcoma for
which Klebs’ statement is correct, but it is only the generalisation of this finding
that I must energetically resist. It was striking for me that I never found pluripo-
lar mitotic figures in proliferating connective tissue, here they must either be
very infrequent, or proceed so rapidly that one does not easily catch them in the
act (in flagranti).

Nauwerck (“On the Regeneration of Muscle”,Jena, 1890,p.11) was able to prove
these figures in the connective tissue of rabbits.

In most detailed way Schottldnder concerned himself with pluripolar mitoses
in a very beautiful experimental work (Arch.f. mikr. Anat.vol.31).It may well be
difficult to pronounce anything specific about the significance of these mitoses.
For the most part, I would like to reiterate the abovementioned explanation,
which is that through these multiple mitoses, the immoderately accumulated
substance of chromatin is reduced back to its normal amount*. However, we
see from the fate of these mitoses that perhaps this still succeeds in tripartite or
perhaps also in quadripartite divisions, but that later a sure cell division after the
nuclear division was not observed, so that here the urge to restore the status quo
ante may still be present, but the result is inadequate. I myself have only ever
observed a constriction of the cell membrane with tripartite divisions (Figs 31,
41 and 42), but never found them in quadruple and higher order divisions.**
Martin (source as above) produces a drawing of a quadruple division with a
constriction of the cytoplasm and Schottldnder also describes this quite expressly
for a quadruple division. In cancers where multiple divisions are so dominantly
common, I have never seen the subsequent divisions of the cytoplasm. On the
contrary,l have always observed that an extraordinarily high number of epithelial
giant cells with many nuclei was revealed, especially in a breast cancer as depicted
in Figs 12,13 and 14.

Nowhere are aborted forms so frequent as in hyperchromatic cells, and no-
where are their forms so manifold. They are distinguished by the fact that the
chromosomes — if one wants to still call them chromosomes at all — take the most
bizarre shapes. In Fig. 15 I give a typical example originating from a cancer of the
lip. Proof that this is indeed a mitosis is provided by the light zone which occupies
the inner part of this cell. No achromatic figures are to be noticed. The cell is of an
unusual size. I consider it improbable that this is an artefact caused by reagents
because, specifically, all slides of this cancer were faultless and, particularly, all
the parts around the cell seem perfectly fixed. In such abortive forms I was never
able to identify a division of the cell body proper.

* is he suggesting that this is a physiological cell rectification process? (eds)
** his notion is that if there are no constrictions, there are no subsequent cell divisions. (eds).

154



On pathological mitoses

I have often seen aggregations of chromatin and coalescence of the latter in 369
homogeneous drops,not only in cancers but also in other perfectly fixed tumours
andin proliferations of inflammatory nature. But L have not been able to convince
myself here that these are actually mitotic figures. On the other hand, I believe

that some of those bodies so frequently described in recent times as ‘parasites

in cancers’ belong here; these have no further significance than as a form of
necrobiosis of single cells.

I should not like, for the moment, to draw any more conclusions from the
data presented here. It follows from the latter that all pathological forms, except
the asymmetric cell division and the hypochromatic forms, are not found exclu-
sively in carcinomata. However, their frequent occurrence in tumours and their
predominance, compared with normal mitotic figures in some carcinomata, may
well, as emphasised by Klebs (source as above) and also by Schiitz (source as
above), provide support for the anatomic diagnosis of carcinoma.

More detailed communication on this point, I will reserve until another oc-
casion.

155



On pathological mitoses

Virchow's Archio. Bd. CXXIIL.
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Explanation of the illustrations: plates X and XI

The Figures are wholly prepared with Abbe’s drawing apparatus. The enlargements were presented
via the Zeiss apochromatic oil immersion, with aperture of 1.30, tube not drawn out, and the apoc-
hromatic compensations oculars 4 (Figs 40-42), 8 (Figs 1-27 and 29-39) and 12 (Fig. 28). For this,
the drawing table was situated at the height of the object table. As a measuring rod, a fragment
a millimetre long and divided into 10 parts with the ocular 4 and 8 is reproduced under the same
conditions.

Figs 1-8 asymmetric figures: 1 from a laryngeal cancer, 2 from a gut cancer, 3 from an epithelium
of the cheek, 4 from a lip cancer, 5 from a cancer of the digestive tract, 6 from the same, 7 from the
same lip cancer as Figs 4, 8 from the same, tripolar.

Figs 9a and b. Two mother stars from a breast cancer situated closely alongside each other.

Figs 10 and 11. Hypochromatic cells from cancers.

Figs 12 and 13. Multipolar, hypochromatic (relatively) cells from cancers.

Fig. 14. Cell from a cancer (hyperchromatic).

Fig. 15. Abortive form from a cancer (hyperchromatic).

Figs 16-22. Mitoses with errant chromosomes wholly from cancers. Only Fig. 22 from a sarcoma.
Fig. 16. From cadaveric material.

Fig. 23. Cell with short chromosomes from a condyloma.

Figs 24 and 25. From cancers with clear polar bodies.

Figs 26 and 27. Apparent squamous cell formation.

Fig. 28. From the ovary of a new-born rabbit. The resting cell strikingly poor in chromatin.

Figs 29 and 30. Multipolar mitoses from atypical epithelial proliferation associated with granulations.
Figs 31-34. Multipolar cells from cadaveric material.

Fig. 35. Multipolar mitosis from a breast cancer in a male.

Figs 38 and 39. Normal and giant mitosis from a common wart.

Fig. 36 and 37. The same from a sarcoma.

Fig. 40. A doubtful mitosis from a sarcoma giant cell.

Figs 41 and 42. Multipolar mitoses with cell division.
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Chapter 9

Karyokinesis and “Cellular Pathology”

(Hansemann 1891c)

Editors’ Summary of Points

p.1039 General, positive comments on the Cellular Pathology and Virchow’s role — bacteriology seen
asanattack to be repelled —specific antibacterial factors in serum discounted; 1040 early studies of cell
division and nuclear division reviewed — incidence of mitoses in general — mitoses can be abnormal as
part of injury to a cell — concerning forms of mitoses, there are differences between different tissues;
1041 pathological mitoses different in regeneration and malignant tumours — concerning the number
of mitoses, various factors, resistance to lack of cell nutrients, effects of poisons; 1042 increases of
mitoses need time to develop — increases not only in malignancy — concerning the place where they
are found - different capacities of different tissues to regenerate — peroration on role of cellular
pathology as a medical science, the pre-eminence of which has not been eroded.

When the “Cellular Pathology” appeared summarised as a book in 1858, the
struggle surrounding its theory was not then concluded, but was already decided
in its favour. The present generation scarcely thinks about what struggles it cost
to make valid those scientific fundamental principles which are now so familiar
to every young doctor; and they can scarcely understand that all these concepts
which appear today as natural as one’s mother tongue, once did not exist, and
had first of all to be defended step by step against sharpest opposition. If those
who were not themselves in the struggle wish to understand it correctly, they
must study the first thirty to forty volumes of Virchow’s Archive; thereby they
will be able to gain an idea as to what courage and strength were required to fight
this struggle through, since at that time Virchow stood almost wholly isolated on
the one side. Then it will be clear how his party gradually won more supporters,
until finally no serious voice dared to raise itself against it!.

Although Virchow’s teachings have now been transformed into flesh and
blood, so that now no research in the area of the morphology and biology of
plants and animals can be undertaken without proceeding from his teachings
and building on them; nonetheless, twice in recent times, “Cellular Pathology”
has still been under attack. The first attack was fended off by Virchow himself
in his essay “On the nature and causes of diseases” (his Archive vol. 79, p. 185).
The second attack originated recently from the bacteriological side. Whilst some
of the researchers (Metchnikoff, Arnold, Leber, Hertwig etc) see in infectious
diseases a struggle of the cells against bacteria; the other researchers (Bucher,
Charrin and Roger, Behring) appear to place the chemical side of the processes
in the foreground to such an extent that they believe themselves compelled
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to reach back — for some processes — to humoural pathology. As one example
among many, Landerer may be cited here, who probably expresses himself most
unambiguously (“Directions and Aims of the Newer Surgery”, Leipzig, 1891)
thus: “One thing we can already say now, is that the days of exclusive ‘cellular
pathology’ are numbered. We only want to hope, if the presumed dead ‘humoural
pathology’ should suddenly arise from its grave, that we may not be thrown from
one extreme to the other, and that we will be successful in joining the old ‘cel-
lular pathology’ with the demands of ‘humoural pathology’, free of irrelevant
outgrowths, in one permanent building”. Here, as with many other authors, it
is a matter of a clear misunderstanding of cellular concepts being obvious, so
that Buchner — from whose ground-breaking works these and similar conclu-
sions are usually drawn — will scarcely wish to take the responsibility for this
on himself. That blood serum in the body, with its disinfecting properties, is a
constantly changing product of cells, will probably not be denied by anyone.
Thus I do not see how one can hold anything responsible, in the last resort, for
everything that proceeds through the blood serum, other than the cells which
produce the blood serum - just as as one makes the micro-organisms respon-
sible for the poisonous metabolic products which derive from them. And these
latter are themselves nothing other than cells. Just as metabolic products of bac-
teria can kill animal cells, so metabolic products of animals cells can kill certain
bacteria. That, however, is not “humoural pathology”, but the most excellent
“cellular pathology” in its purest form. Thus Orth states, with reference to the
views cited above (Keynote Address given 4™ June 1891, Géttingen, p. 25): “The
newly gained recognition that blood and lymph, in particular possess proper-
ties hostile to bacteria, independent of their cellular elements, could arouse the
idea that thereby the significance of cells had been reduced. Absolutely wrong.
Whence, then, do the body fluids receive their chemical components? What does
not come directly from outside, comes from the body tissues; which comes from
the tissue metabolism; which comes from the tissue cells; which rule and guide
metabolism. And what arises in the blood itself certainly does not arise without
the collaboration of new cells, both the white and red blood corpuscles. Thus
here too it is cells which in all dispositions play the essential and main role.”

! A perhaps little-known but really significant episode occurred in 1847 at the Conference of the Nat-
ural Researchersin Aachen in the first session (20" September) of the second section (for Medicine,
Surgery and Midwifery). Virchow spoke about the parenchymatous inflammation, particularly of
the kidneys, the liver, the muscles, and thereby argued his observations on cellular processes. After
twenty minutes he was interrupted by the chairman, Geheimrat Dr Harless (Professor in Bonn), as
his time for speaking had now run out. Only after energetic calls from the younger doctors: “Carry
on!” was Virchow able to conclude his lecture. (personal report of Geheimrat-Health G. Mayer, in
Aachen). Harless added to the lecture the hardly encouraging remark that Virchow had indeed
exactly described microscopic processes in inflammation but the chemical part had remained very
much in the background. (Official Report of the 25" Conference in Aachen, p. 106. Aachen, 1849.)
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Whilst on the one hand, we can certainly say “Cellular Pathology” has experi- 1040
enced unjustified attacks, on the other, research in the area of cells has experi-
enced the greatest triumphs. By this I mean the more exact recognition of cell
division by Schneider, Eberth, Strassburger, Mayzel, Flemming etc. I won’t speak
here of the great significance of this process for the understanding of biological
processes, particularly those of fertilization (Hertwig, Boveri, van Beneden etc)
and heredity, but rather of the influence of these things on the recognition of
pathological processes. After Flemming developed the methods of investigation
(kennengelernt),the pathologists took possession of these things — Arnold in the
vanguard, and under the leadership of Flemming, Arnold, Ziegler, Marchand
and others — a rich literature on karyokinesis in regeneration, hyperplasia and
inflammation soon developed. What importance is attached to these researches
today is proved by the position which has been accorded to them in new text
books, and also by the innumerable works on them which appear continually. I
myself have been concerned with these studies for years, and can scarcely imag-
ine more interesting and rewarding microscopic work.

In this, a sequence of viewpoints has come to me which could have particular
significance for the recognition of pathological processes. They are:

1. The incidence of mitoses in general;
2. Their form:;

3. Their number;

4. The place where they are found.

Concerning 1. We know that the cells of all tissues without exception increase by
karyokinesis at the time of development and growth. In their full-grown condi-
tion, however, a substantial part of the tissues no longer shows mitoses, whilst in
others, a permanent regeneration for replacement of the discarded or died-off
cells takes place. In the first group belong the connective tissues, the musculature,
the central and peripheral nervous tissue, true glands such as liver, kidneys, mu-
cous,salivary,and sweat glands, the peritoneum and the endothelia of the vessels.
In the second category belong the covering epithelia of the outer skin, and of
the mucous membranes, the gland excretory passages, further the lymph glands,
the spleen, bone marrow, Lieberkiihn’s crypts of the gut, sebaceous glands, and
probably bones too. Intermittent mitosis is seen in the cells of the breast gland
(namely only during pregnancy) and the testicular epithelia.

The absence of mitoses in the first group is inter alia important, in so far as
we learn from this fact that in the glands, secretion does not cause perishing of
the cells, as has been widely assumed. Bizzozerro and Vasale (Virchow’s Arch.
vol. 110), first pointed to the fact that in most glands, cell division figures are
absent. These two researchers and also Heidenhain (cf. Schmidt, “Concerning
Nuclear Changes in the Secretory Cells”. J. D.* Breslau) then recognised that
mitoses, wherever they occur, are not related to secretion. Altmann too (“El-
ementary Organisms”, Leipzig, 1890) reached the same result via a different
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route. The only apparent exception in human beings is in the sebaceous glands.
Looked at more closely, however, one will find that here we are not dealing with
real glands at all, but that the sebaceous follicles — which is a better way of putting
it — are equivalent formations to the hair roots. With the same justification one
could regard the hair as a secretion of the hair roots, just as hitherto one has
understood sebum as a secretion of the sebaceous glands. The distinction lies
only in the fact that in the one case the cells perish by peculiar keratinisation,
in the other case by a peculiar fat metamorphosis. In the concepts of perishing
and of secretion / Secerniren** there is already a certain distinction; the one is a
passive and the other is an active process.

If now mitoses appear in the tissue of the first group, one must deduce a
pathological process (of inflammation, regeneration or hyperplasia).

The cells of the second group are not in principle distinguished from those
of the first group by permanent mitosis. The difference consists only in the fact
that processes which occur only exceptionally in the first group, are completed
regularly in the latter, and these we are accustomed to including amongst the
physiological processes, although strictly speaking, they are pathological in na-
ture.*** This is most clearly apparent in covering epithelia, for example in the
epidermis, (cf. Concerning cell division in the epidermis. In: “Festschrift for Vir-
chow by his Assistants”, Reimer, 1891), where, in the keratinisation we observe
a continuing death and expulsion of cells — caused by external stimuli — which
(i.e. the cells) regenerate themselves by mitosis of the remaining viable cells. It
is rather more difficult to gain a comprehensive view of the process in lymph
glands and in the organs of blood formation. Here, a continuous loss of cells
at the periphery takes place, partly on the surface of the body, partly in certain
organs, which then have to be regenerated in the central places — the germinal
centres.

In this second group too, given particularly occurring pathological stimuli, the
formation of mitoses can increase considerably, whereby the individual organs
can undergo significant changes in their entire configuration.

Concerning 2. The form of mitoses in the human being coincides on the whole
with that propounded by Flemming and others. In the individual case, however,
there are characteristic deviations for every type of tissue which are so percep-
tible that, with some practice, one can easily distinguish the cells of individual
tissues by the form of their mitosis. That applies particularly to tissue types which
are very distant from each other, for example, the lymph glands, the epidermal
cells and the endothelia.

* aname of a publisher may be missing (eds)

% 1it. “separation” or “secretion” — thought to mean apocrine and/or holocrine secretion (eds)
*** The distinction is between a mitosis in a pathological condition of the whole cell, and a mitosis
which deviates in its own form and successful outcome from normal mitoses without the involvement
of damage to the rest of the cell. (eds)
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But also in some closely related cells, for example the epidermis and hair root
cells, such a difference is clearly perceptible; likewise in the endothelia and con-
nective tissue cells (reticulum cells). Some cell types, however, have not hitherto
been distinguishable by their mitosic form, for example those of the salivary
glands and of the kidney. This, however, is almost certainly because of the small-
ness of human cells in general and our deficient knowledge of characteristic
points. Fortunately this mostly concerns cells which — on account of their other
properties and their separate position in the body — do not easily cause con-
fusion between themselves. In the formation of granulations, however, and in
the proliferative growth of the lymph glands, one can distinguish by the form of
mitosis whether, in the individual case, we are dealing with a reticulum cell (con-
nective tissue cell), an endothelial cell or a lymph cell. The same applies to most
other combinations of tissue. Differences between individual cell types extend to
all hitherto well-recognised cell parts and stages of mitosis; either to individual
parts or simultaneously to several. The differences concern the form and shape of
whole mitotic figures, of individual chromosomes, connecting threads, attraction
spheres, the duration of the individual phases, and finally the cytoplasm.

Under pathological conditions the mitoses can either retain their charac-
teristic form, or change so considerably that they can no longer be recognised
as belonging together. The former takes place mainly during regeneration, the
latter in malignant tumours. In between, however, there are all possible tran-
sitional forms. The slightest deviation from the norm is to be seen in tripartite
and multipartite division. Then come the giant forms; finally the asymmetrical
karyokineses, which hitherto have been found only in cancers*. All these forms
have biological significance. In addition to these, however, there are abortive
forms, which overall lead to a dissolution of the cell.**

These particular properties of the individual cell types are especially im-
portant for the processes of regeneration because through them we recognise
without any doubt that every cell can only be regenerated from a cell of the
same type as itself: muscle cells only from muscle cells, connective tissue only
from connective tissue, endothelia from endothelia, epithelia from epithelia and
so on. A transition from one form into the other can indeed be deduced from
resting cells lying along side each other; every cell passes on unchanged to its
descendants the properties it acquired at embryonal differentiation. The only
exception is caused by the asymmetric division. Here, daughter cells with un-
equal properties arise which therefore, in their external appearances and in their
mitoses, are not necessarily any longer similar to the mother cells. Thus the origin
of the carcinoma cells in the individual case is not to be deduced from the form
of the mitoses alone.

Concerning 3. From the number of mitoses one can generally judge the de-
gree of the process; in this, however, we have to take into account that mitoses
almost always appear in groups — thus the degree should never be assessed in
one section alone. Furthermore, the larger the number of mitoses which is visi-
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ble, the shorter is the resting phase in comparison with the duration of division.
The duration of division appears to be quite constant for the individual tissues;
the resting phases, however, can vary because of different factors, for example
by the degree of nourishment flowing in. In order to draw a conclusion as to
pathological conditions, it is important to know approximately the number of
mitoses normally occurring in a tissue. In the epidermis, for example, this num-
ber varies in each case according to the site; and similarly, external*** damage
uncovers more exposed points, so that particularly the most freely exposed body
parts demonstrate more mitoses than the protected parts. Lieberkiihn’s crypts
show extraordinarily numerous mitoses; at least eight to ten times as many as
the human skin. The mucous membranes, too, have a greater rate of cell increase
than the epidermis. Quite markedly numerous, however, are the mitoses in the
lymph glands, where in their germinal centres they are not less in number than
in the rapidly growing tumours.

Under pathological conditions the number of mitoses can increase or de-
crease. The decrease is not automatically connected with lack of nutrition, for
Morpugo (Archivo med. XII, no.22,1888) has shown that even in starvation, the
karyokinesis proceeds almost unchanged. In spite of this, one will not be able
to deny the influence of nutrition for the mitosis. Thus in sclerosis of the skin,
one finds the mitoses in the epidermis extraordinarily reduced in number. In the
lymph glands in fibrous degeneration, a significant reduction of mitosis is appar-
ent. That, however, can also proceed without a new formation of fibrous tissue
in the lymph glands, as when these glands are transformed into small bodies,
in which Flemming’s germinal centres lose their characteristic shape or form.
The cause for the inactivity of the cells has not been explained in this case®***.
More understandable on the other hand is the reduction in mitoses by the effect
of poison. If the tissue is in a state of phlegmony, or is flooded with leukocytes,
mitoses disappear completely — a circumstance which was first recognised by
Baumgarten in tuberculosis, but which probably has general validity. This can
be related mainly to a poisonous effect of the simultaneously-present bacteria.
Thus Baumgarten (Mycology vol. 1, p. 315) saw no mitoses in sites of pus which
had been brought about by Staphylococcus pyogenes aureus. Perhaps, however,
the excessive number of the leukocytes themselves or the serous insudation of
the tissue can also play a role here, because I observed the same process where
I was not able to prove the presence of bacteria.

*  Hansemann is not quite right here, — see chapter 6 of this volume (eds)

**  the modern word is “karyolysis” (eds)

ik “Husseren” is considered a misprint for “dussere” (eds)

*#*%* The irony is that the lymphocytes, which he notes as multiplying so much in a way which cannot
be explained, are the source of the antibodies (of Behring) which earlier in the article Hansemann
has discounted (eds).
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On the whole, the reductions of mitoses by pathological processes are less fre-
quent than increases. The latter, however, do not follow on pathological stimulus,
but need a certain period of time before they appear — the “incubation period”;
between three hours (Garré: Chirurgische Beitrdge von Bruns, IV 1889) and 3
days (v. Biingner: Regeneration of the nerves, Ziegler’s Beitrédge vol. 10,p.321) —
in each case according to tissue and process. One finds the most numerous mi-
toses in new formations; these, however, do not therefore always have to be
malignant, as Schiitz (“Carcinoma Findings”, Frankfurt, 1890) believes. IN AND
FOR ITSELF, MALIGNANCY HAS NOTHING TO DO WITH THE RAPIDITY OF GROWTH AND
THE NUMBER OF MITOSES OBSERVED.

Concerning 4. It has been shown that regeneration of most tissues, particu-
larly physiological regeneration, does not occur just anywhere. Flemming was
the first to indicate that a layer — the germinal layer — exists in the skin, in which
mitoses are found exclusively. In the same way he described the germinal centres
in the lymph glands. A similar matrix, we know, through Kraft’s work (Ziegler’s
Beitrige vol. 1. p. 85) is present in the periosteum for bone formation; for car-
tilage growth we have long since recognised the epiphyseal plate as the place
for cell division. Under pathological conditions these germinal places can be-
come more extensive — such as in the skin, the cartilage, and the periosteum, —
or they may become completely indistinct as in the lymph glands. They may dis-
appear completely or almost completely by the reduction of the mitoses. By this
change the whole tissue acquires a definite stamp, which is characteristic for any
condition.

In those tissues which normally contain no mitoses, we know of no such
germinal centres or layers, even in pathological changes. The division figures
appear, furthermore, at the most various points; mostly apparently without cause,
sometimes, however, localised by a recognisable cause. Thus for example, they
occur in liver cells in closest proximity to loci of interstitial inflammation.

In the above I have only hurried over a large area which, in part, is still only in
a state of development (Werden*). I have picked out only single examples from
the wealth of material available, in order to show what significant contribution
the understanding of karyokinesis has made to the recognition of pathological
conditions, and is still able to make. From this, the conclusion may be drawn that
Virchow’s teaching of cell physiology and pathology, brought to victory under
such difficult circumstances, has no limitations, as some believe; but that on the
contrary, we can still expect many important things from it, and that in it, the
master of pathology has raised an imperishable monument, on which the most
stormy advances of science have left no signs of erosion.

* The usage of the word echoes Luther “Nun steht es mit uns aber so: wir sind’s nicht, wir werden’s
aber.” (“Now this is how things stand with us: We are not, but we are becoming.” — eds).
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Chapter 10

On the anaplasia of tumour cells and asymmetric mitosis

(Hansemann 1892a)

Editors’ summary of points

p-436 no cancer-specific cell - no carcinoma-specific karyokinetic processes either — carcinomas of the
various epithelia behave differently; 437 carcinomas show variable specialised functional features —
anaplastic means “less differentiated” than mother cells and possessing relatively greater capacity to
exist independently — anaplasia does not exist to the same degree in all circumstances; 438 Ribbert’s
and Strobe’s attacks on role of “polar bodies”; 439 Weismann has retracted ideas on polar bodies —
but egg-type dedifferentiation and cancer cell behaviour might still be related — Noeggerath makes
similar error — other misquotations of Hansemann; 440 anaplasia can exist in different degrees in
the same tumour — often more in metastases; 441 returns to processes of cell and nuclear division —
these are most different from normal in carcinomas — cell type-specific differences in karyokinesis;
442 these differences in shape, number of chromosomes etc — it is possible to identify a cell type by
the appearances of its mitosis — but not to identify types of carcinomas; 443 Ribbert disagrees with
Hansemann’s theory of anaplasia, because of changes in metastases —semantic problem of “epithelial
character”; 444 counting of human chromosomes — perishing versus wandering of individual chro-
mosomes — Ribbert’s views; 445 literature review of errant chromosomes — Ribbert’s view discussed;
446 Strobe’s objections — Strobe’s methodological errors; 447 Strobe has probably not avoided the
“incomplete mitosis” artefact through cutting sections too thin — and made further incorrect inter-
pretations; 448 Karg has objected to Hansemann'’s findings without good reason — reports finding an
asymmetric mitosis in a sarcoma cell; 449 Strobe’s error on frequency of asymmetrical mitosis — case
of carcinoma of urinary tract diagnosed by asymmetric mitoses in fragments in urine — difficulties of
diagnosing asymmetric mitoses when chromosome counts cannot be done.

When one first began to analyse tumours in a histologically more detailed way,
many investigators pursued the goal of discovering the histological specificum for
carcinomata, and for a while it was believed that in the tailed cells (geschwiinzten
Zellen) in specific carcinoma cells this criterion had been identified. However,
soon it was realised that such specific histological criteria do not exist; just as
little as caseation and giant cells are characteristic of tuberculosis, no specific
cell serves as the characteristic feature of carcinomas.

Then, recently, it was proposed that one could see certain karyokinetic pro-
cesses as specific features in carcinomas (Schiitz, “Microscopic Findings in Car-
cinoma”, Frankfurt a. M. 1890). When I described asymmetric division of cells a
few years ago, and reported that I had found it only in carcinomata in man — and
that it was a rare exception in the rest of the animal kingdom — the widespread
view developed that this form of cell division was absolutely characteristic of car-
cinomata. Nevertheless, I had always stated the theoretical possibility, or even
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indeed the probability, of the existence of this process in other situations (this
Archive vol. 119).

Now in almost all papers that are concerned with the process of cell divi-
sion in carcinomata — from work carried out with the declared aim to find the
histological specificum for carcinomata — the talk is always about carcinomata
in general. However, it has been known for a long time that carcinomata of the
stomach, for example, or of the gut, the epidermis, of the liver or oesophagus etc,
behave completely differently; thus as we must assume — from all more recent
investigations — that carcinomata

develop from the specific parenchyma and the stroma of each organ, so one
would have to conclude that the carcinomata compared to each other should
themselves really behave just as differently as the organs (are different) from
each other.

But not even the carcinomata of one and the same organ are identical as far as
their configuration and the physiological capacities of their cells are concerned.
Thus, for example, there are carcinomata of the epidermis — the cells of which be-
have in a very similar way to normal epidermal cells — which form clear squamous
cells (Riffzellen) and which perish with the same regularity after keratinisation
as the squamous cells do. Carcinomata which consist of such cells do not form
ulcers but only form an epidermoidal organ which is vaguely reminiscent macro-
scopically of scar tissue or scleroderma. In contrast, the cells of other epidermal
carcinomata only incompletely keratinise and do not transform themselves into
a protective cover: these can lead to eczematous or ulcerating proliferations. Yet
other epidermal carcinomata lack any hint of any keratinisation;it is those which
often produce extensive ulcerations. Similar differences can be brought forward
for the carcinomata of almost every other organ. Thus, for example, there are
colon carcinomata with lovely cylindrical and goblet cells which look very simi-
lar to simple polyps when looked at superficially histologically;there are others,
however, where the cylindrical form of the cells and the formation of gland-like
tubular structures can hardly be recognised; in others again, the structure does
not even remotely resemble that of the original tissue.

When I was developing a histogenetic theory of carcinomata (this Archive
vol. 119 pp 314 ff) I introduced the word “anaplastic” to describe their cells and
meant to express by that, that the cells of the carcinomata are less differentiated
than the cells of the mother tissue and that they possess a relatively greater ability
to exist independently. One can see from the examples above that anaplasia
of tumours does not reach the same degree in all situations. To return to the
extraordinarily characteristic example of the epidermis, I suggest that there is
a lesser degree of anaplasia in carcinomata with strong keratinisation than in
those lacking keratinisation.
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Or,in gut cancers, those cells which still contain tubular structures with cylindrical 438
cells or even allow us to recognise goblet cells preserved, show a lesser degree
of anaplasia than gut carcinomata with polymorphic transitional cells.

Ribbert has reviewed my work (this Archive vol. 119), in the Deutsch. Med.
Wochenschr. 1890 and in the Centralblatt fiir pathologische Anat. (1890,p.362) as
well as in discussion (D.med. W.13 October 1891, p.1183,n0.42) and has dragged
exclusively into the foreground the comparison used by me of the expulsion of
the polar body in the case of the egg. Strobe too (Ziegler’s Beitrige vol. XI,
pp 10 and 11) seems to have interpreted this the same way, as if my theory of
anaplasia of tumour cells was only built on the comparison with the polar body.
My comments in that respect (see p. 321 as above) are as follows:

“Whether or not the significance of the first polar body is as Weismann says, or if this (namely the
de-differentiation/Entdifferenzirung) has already happened beforehand in some way or another”

and further below that:

“One can see that my theory is very much similar to Weismann’s view; however, I want to leave it
aside for the moment whether this whole process can be attributed to the first polar body alone.”

Here you can see, as from the entire development of my theory on anaplasia,
that they did nothing more than just use the comparison, and never attempted to
explain the process of anaplasia by the expulsion of the first polar body. Neither
is my theory built on the theory of expulsion of the polar body as Ribbert and
Strobe seem to think. This is more than evident from the sentence I coined earlier:
“Every asymmetrical division of a cell means changes in degree of differentiation.
It thus has to be seen in parallel with a new generational stage of oncogenetic
development. Therefore, asymmetrical division each time it occurs, has to be
linked to a change in the energy of growth and direction of growth”. Where here
is anything about the polar body? And yet it is precisely in this sentence that the
essence of my theory of anaplasia is very clearly declared. But it seems to me

that the analogy with the polar bodies was so blinding that everything else disap- 439
peared, and therefore I really regret that I ever made this comparison at all. One
can see from this that I strayed onto the polar body only because of the signifi-
cance which Weismann attributed to it. Weismann himself has now himself given
up this theory (“Amphimitis” Jena 1891) and it does not occur to me to defend a
theory against its originator. Therewith my comparison with the polar body falls
down, but not the matter itself. I still would like to maintain that the development
of the mature egg from the somatic cell, just as much as is the development of
a carcinoma cell from the mother tissue, happens through anaplasia, that is, by
dedifferentiation and increased capability for independent existence. Even if the
polar body has nothing to do with anaplasia of the egg, it has no relationship to
asymmetrical cell division either, which does not change anything of the matter
at all, as Ribbert and Strobe seem to think.
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But matters did not end with these expressions of opinion by these two au-
thors; the representation that Ribbert had given to my theory has had further
consequences. Noeggerath namely, on p. 31 of his monograph (“Essays on the
Structure and Development of the Carcinoma”, Wiesbaden, 1892) copies Rib-
bert’s lowermost paragraph verbatim (up to the omission of the word “Figures”
after the word “asymmetric” and the addition of the word “first” in front of
the word “polar bodies” in lines one and four of the paragraph) from the work
(Deutsche med. W. 13 Oct 1891, separate print, p. 12, lines 25-36) without cit-
ing him. Naturally, all the erroneous views of Ribbert are therefore also re-
peated here. But that is not all, for Hauser has reviewed the work of Noeggerath
(Miinchener med. Wochenschr. 1892, 7 June, p. 411) and said there that Noeg-
gerath has refuted my “hypothesis based on wrong premises”, in which I “bring
into parallel the asymmetrical nuclear division as observed in carcinomata with
the expulsion of the first polar body of the egg” and so on and so on.

Now, however, the relevant sentence by Ribbert (as above, p. 12, lines 25-
36), contains two further erroneous statements about my theory which I have
never expressed, namely that the carcinoma cells “lose their property of be-
ing epithelial cells and thereby become indifferent and particularly capable of
proliferation.” Ribbert has placed “indifferent” where I said “less differentiated
(weniger differenzirt)” and “capable of proliferation” where I used “greater abil-
ity to exist independently”. But these are words are not synonymous and cannot
be interchanged at will.

After all, “less differentiated” does not mean “quite de-differentiated” which
only then would mean “indifferent”;and a greater ability to exist independently
is a long way from involving an increased ability to proliferate. Every healthy
animal cell is capable of proliferation, but the daughters of the metazoa are
dependent on each other, and it is this dependency which, in my opinion, is
reduced in carcinoma cells but not totally abolished.

The term “capable of proliferation” indeed means something completely dif-
ferent. It creates the impression that I had composed a theory of the aetiology
of carcinomata which indeed is believed by Noeggerath and also, it seems, by
Hauser. Likewise Alberts (Deutsche Medicinalzeitung, 1891, no. 34), and Strébe
seem to be of the same opinion too. However, according to my entire delib-
erations which naturally I cannot reiterate here in full, I am only proposing a
histogenetic theory which does not touch upon the question of aetiology at all.

If now a certain degree of anaplasia applies to every carcinoma it would be of
interest whether this degree can be changed in the very same cancer. Probably
not every carcinoma can provide such information, but only those which display
a certain degree of anaplasia, have metastases, and originate from an organ with
cells which possess well characterised physiological properties. Such organs, for
example, are epidermis,oesophagus, trachea and the colon. I have found by study
of a large number of such carcinomata with little anaplasia — and their metas-
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tases — that the degree of anaplasia does not always change; however commonly
it increases, and in a manner such that in the first regional lymph node group,
the degree of anaplasia changes only little; but with each subsequent group of
lymph nodes it increases more. Never have I observed the step backward to not-
mal which would represent prosoplasia; in all this, however, I cannot state with
confidence that this might not occur occasionally.

For example, I was studying a cancroid of the oesophagus with squamous
cell formation and characteristic keratinisation. In bronchial lymph nodes which
were situated very close to the primary cancer, keratinisation was less clear and
found to a lesser degree with only a few scattered spinous cells being present
here and there. Further metastases were present in the mesenteric lymph nodes,
and in the liver. Those did not display any keratinisation

apart from scanty evidence of it occasionally and spinous cells were altogether
absent. Thus, these cells are able to change their character; they depart in their
nature ever further from the mother cells and the result is different each time.
The whole histological picture in extreme cases can be so different in the metas-
tases compared to the primary tumour, that* one might be led to believe one
was looking at a completely different cancer if one did not have the different
transitional stages in all the lymph nodes as evidence.

If after this, I return to the processes of cell and nuclear division, then what
comes out of all of this is that one may not contemplate nuclear division processes
in carcinomata in isolation, but should always compare them with what goes on
in the mother tissues. In this, it is generally established that the mitotic processes
in the stroma are not necessarily different from simple regeneration or inflam-
matory proliferation, whilst the karyokineses of the “carcinoma parenchyma”
are often substantially different from those of the mother tissue.

It is only natural that until now one struggled to trace all forms of karyoki-
nesis back to the common scheme; through the careful investigations of many
researchers, agreement has been achieved concerning such a scheme in most
tissues. There are only a few indications in the literature pointing to the fact
that here and there some authors found specific deviations from this scheme
in individual types of tissue (for example, Grawitz, Verhandlungen d. X intern.
Congresses, Berlin, vol. I1, chapter III, p. 9; Miiller, On the question of leukaemia,
Deutsches Arch. f. kl. Med., vol. 48, p. 51. Also Flemming and others).

In an abbreviated form, I pointed out last autumn (Karyokinesis and the Cel-
lular Pathology, Berl. klin. Wochenschrift, 13 October 1891) that with sufficient
training one can differentiate the mitotic figures of different tissues from each
other and specify the characteristics of them;on that occasion, I mentioned that
these differences might be extended to all parts of the process, or also only to
individual parts of them. The differences

* ”se” is considered a misprint for “so” (eds)
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are in regard to the shape, perhaps to the number of chromosomes, to centro-
somes, to the achromatic spindles, and to the area of the divisional zone or to
the size of the entire mitotic figures; furthermore, there are differences in terms
of duration of the phases and the situation of the mitoses within the tissue. Here
unfortunately, I must restrain myself from presenting the proofs of these asser-
tions of mine because the reproduction of all of these would clearly be beyond
the scope of this particular journal. The differences are so characteristic that they
can be easily demonstrated by the means of photography. During the Surgical
Congressin Berlinin 1892, exhibited a large number of such photographs which
I was thus able to demonstrate to a large number of colleagues. These pictures
will soon be published in another place. The typical figures recur in the individual
tissues with extraordinary regularity again and again, and if one has seen a large
number of them, one becomes so used to the differences in shapes, that one can
determine the type of tissue from the individual mitosis.

In the parenchyma of carcinomata, however, this changes significantly and in
fact the mitoses are the more different from the mother tissue the more strongly
the cancer is anaplastic. This finding is repeated everywhere with the utmost
regularity: the mitoses of slightly anaplastic tumours are very similar to those of
the mother tissue; the ones of strongly anaplastic tumours, however, bear little
or no resemblance any more to those of the mother tissue. In addition, mitoses
become extraordinarily different from each other, so that sometimes one cannot
speak any more of a specific type at all. In these cases, dwarf or giant forms and
excesses of the most general kind most often are found; and it is in these tissues
that one finds the clearest asymmetrical mitoses — a process by which normal
cells give rise to cells with fewer than a normal number of chromosomes; which
I believe has an intimate relationship to the anaplasia of tumours.

Against this theory of mine Ribbert argues (Deutsche med. Wochenschr., 13
October 1891, separate print, p. 13)

with the words: “If one now adds the fact that there can scarcely be talk of the
presumed dedifferentiation of epithelial cells in so far as the cells maintain their
epithelial character even in the latest metastases, then it becomes questionable to
some extent whether the interpretation of asymmetrical mitoses which Hanse-
mann attempted, will be sustainable”. From this it is not clear whether “original”
refers to mother tissue or to the first beginnings of the carcinoma. In reference to
the first, it is well known that carcinoma cells maintain neither the morphological
nor functional characteristics of the mother cells to the same extent. If it is possi-
ble that cancers with transitional cell characteristics can develop from cylindrical
epithelium — or that cancroids can develop from ciliated epithelium — one can
hardly any more call this the maintenance of the original “epithelial character”;
the more so in view of the countless finer differences which can be recognised
between the respective resting cells; and particularly in those undergoing the
process of dividing. Above I deliberated on the different degrees of anaplasia
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and made clear that the very definition of this is based on the varyingly strong
degree of deviation of the carcinoma cells from the mother tissue.

As far as the second possibility is concerned, namely, that Ribbert with the
word “original” was referring to the early stages of the carcinoma formation: I
have shown before and proven through numerous slides that in many cases the
metastases contain cells with deviations which are different in principle from
those of the primary tumour, morphologically as well as especially functionally:
this can be defined as the degree of anaplasia increasing in the metastases. Thus
in this case too, I have to contradict Ribbert’s view.

Finally, however, I have great reservations about the term “epithelial charac-
ters” in general. Indeed, one reads this term in many places, but by this everyone
imagines something different. It would lead too far here, if I were to go into the
meaning and the history of the term, and its enlivening admixture of theories of
germinal layers. At the moment the circumstances have not been clarified at all,
andit certainly isnotin vain that in Kolliker’s masterly “Handbook of Histology”,
6™ edn, 1889, there is no mention of epithelium anywhere in the classification.
Here, where we are talking of morphological things in the fully grown body, one
can certainly not make the definitions other than morphologically; and accord-
ingly “epithelial” signifies only a location. However, as one comprehends the
definition, it is always the LocaTION which thrusts itself into the foreground, with
emphasis on the covering of surfaces and the lining of hollow spaces with the
orientation towards an upper surface. The word “character” demands that one
regards the cell in and for itself, dissociated from its environment. Here it has al-
ways been incomprehensible to me how one can speak of an epithelial character
in general; on the contrary, the history of normal and pathological histology has
taught me that much confusion has been caused by this. One can speak of the
character of a renal, a liver, an epidermal cell, and so on,

or of a cubical, cylindrical, ciliated or goblet cell; but it is not possible for me to
establish a morphologically common character for all these cells. However, often
too, in the literature, there is talk of “epithelial character”, even of an “epithe-
lioid” one. I have nowhere been able to find a really satisfying definition of this
character, and now, indeed, the “originally epithelial character” in carcinomas
is supposed to be retained in cells which arrive at a different location with ev-
ery new* lesion and which are often so different both amongst themselves and
from the mother cells. To sum up, it may perhaps be more correct to drop the
word “epithelium” completely for a type of tissue, and to apply it only where the
matter has to do with cells in particular locations as moreover, is done by Disse
(“Basics of Histology”, Stuttgart 1892).

Human chromosomes usually cannot be counted; one must estimate them and
that poses major difficulties. In carcinomata one finds cells which are clearly not
cut through (because there are layers of cells above as well as below) and in which
it is very easily possible to count the chromosomes, and in which one also finds
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occasionally a rather surprisingly low number of them. Such cells are generated,
as I believe I have proven (this Archive vol. 119 and 123) in two different ways
which are not different in principle from each other. Firstly, through the perishing
of individual chromosomes (not to be confused with errant chromosomes) and
secondly due to asymmetrical cell division. Now Ribbert says (same separate
printing as above p. 12): “I should like to set against the view (namely, the view
in “On the meaning of asymmetrical mitosis”) that I (Ribbert) failed to establish
any clear distinction between asymmetrical mitosis and pathological nuclear
division figures!. It seems to me as though the asymmetry and displacement of
single or small groups of chromosomes simply resemble different degrees of
the same abnormality. And if a cell division can follow there, then, given the
relatively slight deviations, there is really nothing striking here”. Ribbert simply
states here what I have said myself already (vol. 123, p. 362, this Archive). Such
errant chromosomes, to my knowledge, were first described by Retzius

! That should probably be:“the REMAINING pathological nucleus division figures” because after all it
is not to be doubted too that the asymmetric division figures are pathological ones.
* metastatic implied — eds

(Biological Researches. 1881, no. 9) as “peripherally situated loops” and were
depicted in Tab. 12, Figs 11, 14 and 26. Schottléander subsequently (Arch. f. mikr.
Anat. vol. 31, p. 457), has declared these to be pathological and has introduced
the name “displaced loops”. Flemming has proved their frequent occurrence in
the lungs of salamander larva and demonstrated this at the Anatomical Congress
in 1891 (in Munich). I have convinced myself of this latter fact with numerous
preparations. These errant chromosomes usually lie in the region of one of the
poles at the stage of the monaster, and they are not only found in the lungs
of salamander larva, but also in the gill plates, in the mylo-hyoid plate, in the
pulmonary mesentery and in the peritoneum. They are just as sharp and clear as
all the other chromosomes and I do not have any doubts that these later enter
the mitotic figure. I base this on the fact that in later stages such irregularities
cannot be proved. Such figures, which are not infrequently found in humans as
well, thus cannot be considered pathological.

Now,however,there are figures which I have published, for example,inTab. 10,
Fig. 22 (this Archive vol. 123).There the chromosomes lie completely outside the
mitotic figure — not only outside the spindle, which can happen normally — but
also outside the entire divisional zone. They stain less intensively and are not
as well delineated, so that they give the impression that they are in the process
of dissolving in the protoplasm. These forms of errant chromosomes are, in my
opinion, about to perish, while the rest of the mitotic figure looks completely
intact and leads, as I discussed above, to hypochromatism. Thus Ribbert is in
complete agreement with me as far as he refers to this second form of errant
chromosomes, as he is not able to separate this sharply from an asymmetrical
mitosis. I too place them on a level with the displaced chromosomes, in that if
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a larger number of chromosomes becomes errant, it happens in the form of an
asymmetrical cell division, whereas single chromosomes within the cell can just
perish. That Ribbert sees “nothing special” here

does not change the facts and would hardly be sufficient to refute my data. I have
so far only discovered displaced degenerating chromosomes in carcinomata and
a few sarcomata.

With reference to asymmetric mitosis, it is Strébe who has presented most
opposition to my view (Cellular processes and mitosis in tumours. Ziegler’s
Beitrige, vol. XI). Strébe denies any particular biological importance of asym-
metric mitoses and maintains that he has seen them also in sarcomas, in benign
tumours and in various inflammatory and regenerative conditions. He says on
p-3 “In general, we recognise an asymmetry in both daughter nuclei if the latter,
seen in flat plane, show different sizes.” The following comment should be made
here: if one views only the flat plane, that is to say, looks at it two-dimensionally,
then one will certainly find asymmetric mitoses very frequently. It is absolutely
necessary here, as in general in microscopic investigations, that one makes use
of three-dimensional study; that Strobe has not yet acquired the necessary prac-
tice in this is clear from the fact that he wishes to exclude all figures which do
lie exactly in one visual plane. Just how seldom one encounters figures which
correspond to Strobe’s postulate becomes very clear if one photographs the fig-
ures, as I have done for some time now. Only very seldom is one successful in
finding daughter stars which in photographs appear equally large. But this is not
the central point at all. I have always emphasised that one should not estimate
the chromatin mass but the number of chromosomes. It is obvious and as I be-
lieve, for anyone familiar with these things, almost unnecessary to remark that
one cannot for example estimate whether a star contains twenty-eight or thirty
chromosomes. But it is certainly possible to estimate whether a star contains, say
30 or, say 10, chromosomes. For this the stars do not have to lie “in one plane”
at all, if one is sufficiently practised in seeing such things; I agree totally with
Strébe when he says (p. 5): “For my part, I have reached the conclusion that it is
certainly not so easy to achieve the relevant experience, even after considerable
work on this subject”. That one finds a sequence of doubtful pictures, I gladly
admit, and one will do well to exclude the latter from these investigations.

One must, on the other hand, be particularly aware of one danger: that is the
danger of the cutting through of individual cells. In every tissue with numerous
mitoses one finds that the thinner the section is, the more cut through cells are
seen. In my first work, I thought it hardly necessary to point out that avoiding
too-thin sections was my first care (this Archive, vol 119), because I regarded it
as so obvious. A priori, I therefore made the sections as thick as the examination
permitted (seldom under 10 p). In my second publication, I then included the
following sentence, after some
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oral objections had been made to me: (this Archive vol.123,p.357) “One is always
on the right track if, in estimating the chromosomal cluster, or the number of
chromosomes, one chooses only those cells whose upper and lower borders are
still overlapped by neighbouring cells, so that a section was not possible.” Strobe
apparently overlooked this sentence because he has gathered together all other
remarks from my work bearing on this, quoted them and on that basis, criticised
my figures individually; this sentence alone he has not considered; otherwise,
perhaps, his criticism would have reached many different conclusions.

Incidentally, I have always emphasised myself the figures in my tables which
I did not regard as quite conclusive, so that Strobe does not need to emphasise
these doubts yet again, and formulate them into an attack on me. Those are
probably the only points where we are in agreement with each other (Figs 8,12).
Since then I have re-studied my Fig. 15, which Strobe doubts quite particularly,
and have been able to establish that it is certainly not cut through, because cell
layers are situated both above and below it.

In consequence, I believe that the difference between Strobe and myself has
arisen because Strobe regarded the flat-plane pictures as decisive, and tried to
estimate the chromatin mass, not the chromosome number; then on p. 10, he
identified without further ado chromatin-poor nuclei (clearly he speaks here of
resting nuclei) with hypochromatic nuclei and incorrectly attributes this view to
me. Now again in opposition to Strobe, I must repeat that I have hitherto never
found an asymmetric mitosis (in my sense) in any tissue other than carcinomas.
It is almost comical when Strobe says (p. 7) that he has noted the absence of
asymmetric mitoses in tumours in which absolutely no cell proliferation was to
be discovered.

If asymmetric mitoses were really found in such numerous tissues as Strébe
describes, I should be prepared to dismiss the whole matter to the lumber room
of artefacts, because such a finding would contradict the idea of the significance
of karyokinesis too much. I cannot see my way to doing this, however, because
the reports which support me — of positive results in carcinomas and negative
ones in other tissues — have so increased, and I must take leave not to mention
them individually. Provisionally, however, I must believe that for the most part,
Strobe has seen artefacts; I am strengthened in this view all the more because
in his investigation, Strobe used, in part, older preparations which originated in
experiments by Podwyssozki, Coén and Fischer. Even if now, it is far from my
wish to doubt the quality of these preparations —on the contrary, the well known
works of these researchers prove that the most excellent preparations assisted
them in their aims — it must nevertheless seem dangerous to use for

the present subtle investigations, preparations which were not made by oneself

but which were made for a quite different aim, and whose sources of error one is
quite incapable of controlling. I myself certainly exclude from my investigations
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all preparations which I have not fixed myself, and have treated further, so that
I am a priori familiar with their entire genesis!.

Karg (Concerning carcinoma. Deutsche Zeitschrift f. Chirurgie, vol. 34, Fest-
schrift for Thiersch, pp 143-145) agrees in general with Strobe’s views, but un-
fortunately does not give details as to how he reached his view, so that an ap-
propriate response is not easily possible. In the interests of the whole matter,
it is very much to be wished that Karg, as well as Strobe, would give the most
accurate reproductions of any asymmetric mitosis which they have found in non-
carcinomatous tissue. In the case of Karg, this would be of particular interest,
because he is a well-known microscopic expert, and certainly has not limited
himself to the examination of flat plane.

With reference to the following sentence of Karg, “From the epithelial cell,
however, in spite of all influences which it may encounter from outside, nothing
can emerge but again an epithelial cell.” — which he introduces* in refutation of
my theory — I can refer to what is said above (p. 443).

AsIsaid above,l have so far only found asymmetrical mitoses in carcinomata.
However, I have always pointed to the fact that probably they might be found
in embryonic development as well. Hitherto I have never stated that they could
only occur in carcinomata although I tend to accept that they only occur within
carcinomata in adults. Above all, however, in carcinomata asymmetrical mitoses
are rare, sometimes very rare.

I Tsaid earlier that T have never seen asymmetric mitoses in sarcomas, and I have always regretted
this, because from the start, I was keen to include sarcomas in the theory of cell anaplasia. Now,
already in this Archive, (vol. 123, Plate X Fig. 20) a figure with degenerate errant chromosomes is
pictured, which comes from a sarcoma, and since then I have often encountered** these findings.
Hitherto,moreover, I have not found asymmetric cell divisions in sarcomas. Should Strébe have been
successful in really finding them, I should be very happy. In the light of his other findings, however, I
must unfortunately still doubt it. Incidentally, Strobe is totally in error if he believes that I wish, by
asymmetric mitoses, to distinguish carcinomas from sarcomas. From the purely histologic standpoint,
which is particularly adhered to by Virchow, there are so many transitional forms between these two
forms of tumour that I doubt overall whether one will ever be able to draw such a sharp line of
demarcation. This too is not at all in the interests of practice, as it is only a matter, after all, of
separating malignant from benign tumours.

* sometimes a rather warlike phrase “bring into the field”

** almost certainly a misprint of “erheben” for “erleben”

This I have always emphasised; thus, I cannot comprehend how Strobe could
possibly say “I should like to believe that we should not assign to the process
of asymmetrical karyokinesis the frequency that Hansemann assigns to it.” In
fact it is so frequent that I could not give it diagnostic importance even if it
were characteristic for carcinomata. And yet there are always exceptions to this.
Neelsen made an observation (and presented it to the Dresden Society for Natu-
ral Science) which I reproduce here with his permission. “A man was discharging
small particles of tumour in his urine which in general displayed the characters
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of villous polyps (Zottenpolypen) per se, but contained surprisingly many asym-
metrical mitoses.” Based on this, Neelsen proclaimed the high probability that
the diagnosis was a carcinoma and this diagnosis proved to be true as the disease
progressed.

In general one must search for a very long time — unless one is especially
lucky — before one sees a genuine asymmetrical mitosis; meaning a mitosis in
which the stars contain a different number of chromosomes. It does not depend
here whether the one star is a little bigger than the other, and I do not unduly
credit such figures because they have neither a diagnostic nor a biological signif-
icance: but on the other hand, the only figures which are important, as far as [ am
concerned, are those in which one can conclude with certainty that the number
of chromosomes is different or can even be counted as different.

This exhausts the common knowledge on the mitoses in carcinomata accord-
ing to my experience. All other differences are only relative to the mother tissue
and should only ever be discussed as forms of carcinoma in the context of the
mother tissue.I reserve the right to elaborate on this further on a future occasion.
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Chapter 11

“Studies on the Specificity, the Altruism and the
Anaplasia of cells with Special Reference to Tumours”

(Hansemann 1893c)

Dedicated to Medical Counsellor,
Professor Doctor Rudolph Virchow,
his honoured teacher
As a sign of gratitude.

Editors’ Summary of Points
Introduction

1-3 important developments in microscopy of the cell, cell division and fertilisation; 4 Hansemann’s
own methods of study of mitoses in human tissues — acknowledgments — surgeons, his own father,
Countess Bose Foundation; 5 points on which Hansemann is opposed to Virchow.

I Specificity

6-7 Attacks the concept that “transitional forms” in histology can be used to establish sequences
of morphological development — metaplasia is based on such studies; 8 despite the large number of
articles, the significance of metaplasia is still uncertain — quotation from Bard’s view of specificity of
cells — also Ziegler’s and v. Recklinghausen’s views — alternative concept of histological adaptation;
9 special problems of transitional images in relation to metaplasia — Virchow’s views; 10 problems
of transitional forms in deciding sequences of events in cell division — special cytological features
are lost while a cell divides — in this period the cell approaches its “archetype” — similar changes
in dividing Protozoa — plasma cells and mast cells not seen to divide; 11 loss of functional features
makes examination of mitosis easier in cells — early literature of mitosis; 12 Flemming found more
than one form of mitosis in salamander testes — more literature on cell-type — specific features of
mitoses; 13—14 importance of fixatives — Hansemann’s methods using sublimate and haematoxylin
etc; 15 photomicroscopic methods; 16 to 17 cell types which do or do not show mitoses; 18 to 19
use of “physiological regeneration” — in some tissues, they are seen only in pathological conditions —
in inflammation and regeneration, the type of mitosis remains the same as normally in the cell
type; 20 circumstances in which a cell type cannot be determined by the form of its mitosis — but
there are individual differences between the mitoses according to cell type; 21 some mitoses do not
show any tissue-characteristic features; 22 states he has defended himself against unjust attacks —
The size of the division figure (according to cell type); 24 Behaviour of achromatic figures; 25-26
Chromosomes;27-28 Division space;29 Cell Division;30-32 The duration of the process and the period
of incubation; 33-34 Position of the mitoses; 35 perceptible differences in the process of cell division
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of individual tissue types exist; 36 no transitional forms — cell lineages are retained — disagrees with v.
Recklinghausen, Baumgarten, Ribbert and Schmidt; 37 transition appearances can be influenced by
external conditions — Bard’s summary omnis cellula e cellula ejusdem generis is correct — metaplasiais
not a general phenomenon but occurs only occasionally; 38 specificity in relation to post-fertilisation
development in the embryo — mechanical/accommodation theories are incorrect — differentiation by
division of labour (internal cellular mechanisms); 39 reviews Roux’s experiments on blastomeres;
40 Virchow points out identical twins come from blastomeres — movements of cells in blastulae; 41
embryological studies which support the statement that new generation stages in embryonic tissue
development take place by asymmetric mitosis; 42 reviews theories of how differentiation takes
place; 43 some situations in which accommodation takes place — theory of qualitative distribution of
idioplasmas; 44 Weismann has taken up Hansemann’s view that main plasmas and auxiliary plasmas
must exist — Hertwig’s view that asymmetric mitoses cannot explain regeneration in lower animals —
matter to be discussed in next chapter.

II Altruism

45 Hansemann’s concept of how plasmas are changed during embryological and cell development;
46 the egg as the least differentiated cell — differentiation as the result of asymmetric distribution of
hereditary properties — addendum implies that all that matters is a particular “balance” of factors
determining what differentiation takes place; 47 daughter cells as antagonists — lesser plasmas to
explain galls — results of transplantation experiments considered less significant than previously;
48 more studies show that irretrievable separations of idioplasmas do not take place — therefore
now joins with Hertwig, de Vries and Négeli (in embryology) but asymmetric division still explains
regeneration;49 how in the egg, a balance of chromosomes is restored to previous “undifferentiated”
state after “differentiation” to a germinal ovarian epithelial cell — destruction of excess plasmata in
oogenesis preferred — the number of generation stages from egg to egg is the least of any cell
sequence; 50 in regeneration “THE FEWER GENERATIONAL STAGES THE EGG HAS GONE THROUGH, THE
EASIER REGENERATION IS POSSIBLE”; 51 regeneration can only be explained if LESSER PLASMATA IN
GENERAL GO INTO ACTION AGAIN THE MORE EASILY, THE FEWER THE GENERATIONAL STAGES HAVE GONE BY
SINCE THE ORGANISM BEGAN AS THE EGG” — altruism is the loss of capacity for independent existence
associated with increasing differentiation; 52 altruism considered as manifest by the dependence
of the whole body on each individual type of organ; 53 functions of organs seen as both positive
and negative; 54 role of the pancreas in diabetes — communicates his own results here; 55 negative
functions of the kidneys — destruction of the adrenal glands and “bronze disease” 56 compensatory
hypertrophy of kidney - positive functions underlie altruism; 57 gonadal tissue is not altruistic —
mammary hypertrophy in pregnancy as “altruistic hypertrophy” — “altruistic atrophy”; 58 altruistic
interactions between mothers and embryos — death of adults after parturition or fertilisation; 59
death by exhaustion versus death by involution; 60 all this is well known — disagrees with Weismann
on death being related to a fixed cell type — and with the view that ageing can be identified by
histological changes; 61 altruism seenin animals as the relationship between germinal cells —altruism
is a manifestation of the gain in differentiation and loss in capacity of independent existence which
follows asymmetric mitoses over several generation stages.

III Anaplasia

62 chromatin level in normal cells; 63 opinions of Roux — significance of the polar bodies; 64 laws
of chromosome numbers; 65 the number of chromosomes alone does not determine the type of
the cell; 66 pluri-polar mitoses — fates of hyperchromatic cells; 67 reduction divisions in gameto-
genesis — restoration of the status quo ante — not seen in other cells; 68 Virchow’s classification of
tumours — definition of carcinomas — Amman’s view of histogenesis of carcinomas; 69 methods for
determining histogenesis of carcinomas — nature and definition of “epithelium”; 70 tumours and germ
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layers — archiblastomas and parablastomas — no good definition in the literature; 71 Thiersch and
Waldeyer on derivation of carcinomas from epithelia; 72 origin of stroma in carcinomas — sarcomas
in classification of tumours; 73 distinguishing carcinomas from sarcomas — sarcomas must produce
intercellular substance; 74 stromal cells of tumours — parenchymal cells give rise to tumour cells;
75 loss of characters by the mother tissue can be marked — importance for diagnosis; 76 degrees of
histological change in carcinomas; 77 worse in metastases — CARCINOMAS CAN IN THEIR CONFIGURATION
BE VERY MUCH LIKE THE MOTHER TISSUE OR CAN DEVIATE FROM IT TO VARYING DEGREES; THE STRONGEST
DEGREE OF DEVIATION MAY OCCUR STRAIGHT AWAY AT THE START OR IS REACHED ONLY GRADUALLY IN THE
METASTASES; 78 behaviour of individual cells — (in footnote) not related to cells being “younger”; 79
persisting cellular functions in carcinoma cells — motility in cancer cells —shown by Virchow and later
others; 80 growth of transplants — adult cell emboli die; 81 adult cell transplants die, only malignant
tumours survive — (BOTH) THE DEPENDENCY OF TUMOUR CELLS ON THEIR SPECIFIC ENVIRONMENT (AND)
THE ALTRUISM HAVE WANED MORE THAN IS TO BE FOUND OTHERWISE (IN ANY PATHOLOGICAL CONDITION)
IN ANY OTHER CELL TYPE OF ANIMALS OF HIGHER ORDER; 82 the carcinoma cells’ ability to exist indepen-
dently has increased and their altruism has decreased; as far as we know it is that which sets them
aside from all other human cells, with the exception of germ cells — therefore a de-differentiation
has taken place — hence “anaplasia” — but anaplastic cells are not embryonic cells; 83 clarification
of anaplastic cells — in terms of plasmata theories — they are cells in which plasmata which have
been in the background are now increased in relevance again — in plants with galls, the recurrence of
obsolete galls can be found — germinal epithelium of ovary gives rise to follicular cells as well; 84 the
process of anaplasia in tumour cells does not go so far that these cells are identical to those of normal
development — but they must contain germ plasma in quantity — cell division processes in tumours —
above all hyperchromatic mitoses which lead to dual and multiple division; 85 multiple divisions
only occur in clumps which include other mitoses — tumour cell mitoses proceed through the same
phases as mitoses in normal cells — degree of mitotic abnormalities correlates with other deviations
of the cells; 86 mitoses in tumour stroma are not abnormal; in relation to regeneration, hyperplasia
and inflammation — DURING PROCESSES IN WHICH THE TISSUE TYPE IS NOT ALTERED, IT SEEMS A JUSTIFIED
CONCLUSION TO ME THAT THE CHANGED FORM OF MITOSES IS THE CAUSE OF THE TISSUE CHANGES; 87 thus
new tissue has developed just as new tissue develops during embryonic development — chromatin
considerations in differentiation — in embryos there may be no change in visible chromatin — pos-
sible involvement of non-chromatin hereditary material — after asymmetric division, which one of
the daughter cells becomes the mother cell of the new tissue? 88 asymmetric division and perishing
of individual chromosomes can give rise to reduced chromosomes — tumours in which asymmetric
divisions have been found; 89 literature of very hypochromatic (dwarf) forms; 90 dwarf forms are not
parasites —individuality of chromosomes recognised. “Now, if this lost part was exactly the one which
gave predominance to a certain property in the cell, then that had to result in a less differentiated
cell or in that which I called anaplasia” — plasmas may change — “or any other variation whatsoever”;
91 degrees of imbalance of properties and degrees of anaplasia — no objections in the literature are
significant; 92 summary: cells in embryonic life become specific (cannot replace each other), gain
differentiation, lose capacity to exist independently and increase their altruistic relationships with
each other. Anaplasia is when all these changes are reversed together in an adult cell — it comes about
because main plasmas are lost and minor plasmas come to the fore — metastases form more easily in
proportion to the degree of anaplasia — some exceptions; 93 quantifying anaplasia — no equivalent
in benign tumours; 94 the theory is not in any way about aetiology .
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Introduction

Pliny the Younger once said: In minimus tota latet natura; nowhere has this pro-
nouncement been proved more thoroughly than in the biological sciences, al-
though the interpretation of what one understands by smallest, has changed
considerably. When in 1667' Robert Hooke first described the cell, he meant
hollow spaces in cork, that is to say, what today one can see reasonably well with
a magnifying glass. He did not describe them in order thereby to present a new
discovery to the public, but to show what small things could be seen with his
excellent new microscopes. The cellular spaces of the cork were thus, for him, the
smallest things. When the worm of trichinosis was discovered everyone talked
of these small things which had been discovered in muscle and many people
doubted whether such small animals were capable of producing such great dis-
turbances. When compared with the smallest cells, they can still be called small;
but now we are talking of the trichinosis worms as large powerful organisms
which by that, were a long time ago forced out of the category of the smallest
things. Today, when every research worker and a large proportion of doctors and
even many a lay person owns excellent microscopes with the highest magnifi-
cation, it is scarcely comprehensible that Virchow, who is still living amongst us
and at the height of his powers, in his youth scarcely 45 years ago, had to fight
the most difficult struggles for the use of the microscope in medical science, and
that it was necessary to write long articles? in order to defend

I “Micrographia or Some Physiological Descriptions of Minute Bodies made by Magnifying Glasses”.
London 1667

2 On the reform of pathological and therapeutic opinions through microscopic investigations. Vir-
chow’s Archiv.vol. 1, p.207,1847.

the proposition “Itis necessary that our views advance as quickly as our ability to
see things down the microscope has been extended: the entire field of medicine
must get 300 times closer to natural processes”.

The cell was discovered and within it the nucleus and nuclear bodies (prob-
ably nucleoli — eds); it was believed that with this we had reached the limits of
biological units. Since then, however, a whole mass of much smaller things has
not only been seen and described, but recognised for their significance. We know
that the cell which was once upon a time supposed to be the smallest of possible
things is a most highly complicated apparatus in which a host of life phenomena
(Lebenserscheinungen) are carried out. We know that apart from a thread-like
substance which is contained in the nucleus, there are fine granules which carry
out very complicated functions, which when separated become diseased, and
which also divide and can increase. Only in recent years have we come to know a
component of the cells;— the attraction granules, which are smaller than anything
which has been known hitherto, for, looked at with the most powerful magni-
fications, they still appear as the most minute dot-shaped forms. Yet we must

182



Introduction

attribute to them a most highly complicated structure and a capacity which no
other part of the cell possesses; they are able to force the threads and granules
of the cell into a definite order and, finally, (are able) to compel the cell to divide
itself in — emphatically — a specific way with always the same biological result.
That in this they might be the purely passive middle point of the remaining cell
components appears, according to observations made, to be completely out of
the question. This allows us to recognise that in this respect we are still along way
from the limits of (things which) biologically stand alone (Selbststindigkeit) and
we recall Strassburger’s sentence which seems to go without saying but all the
same is not sufficiently heeded:! “It would certainly be a strange chance if pre-
cisely now, given the proven capacity of our instruments, the lowermost frontier
of life had been reached”.

Now, unfortunately, with the power of our instruments, we have come close to
the theoretically possible frontier. Helmholtz?* has shown us that the ultimate
ramparts which have been thrown up, are not through the weaknesses of our
technology, but by the nature of light and the limitations of our eyes, as (it is)
an insurmountable hindrance. It is granted to our imagination to wander over,
above and beyond this wall into a world which is so magnificent and powerful,
as the real world

! “The Protoplasm and Irritability”. Jena, 1891.
2 Poggendorff’s Annals. Jubelband (Jubilee volume). 1874.p. 557.
* a student of Johannes Miiller — chapter 3 — (eds).

and whose traces we encounter at this frontier at every step. Many concepts which
began as imaginative speculations have later been unexpectedly confirmed by
important discoveries. We need only recall Nigeli’s theories on the idioplasma'’
and their confirmation through the wonderful discoveries relating to the pro-
cess of fertilisation by Hertwig, Boveri, van Beneden and others. Science cannot
celebrate finer triumphs than this in the area of the smallest things.

Such results are attractive and one follows these successes with enthusiasm,
and tries to evaluate their consequences for other questions too. In this, one
must certainly be aware that one is always walking on the edge of a precipice
of theories, to which one indubitably falls victim, if one leaves the sure ground
of fact too far behind. But just as danger steels our courage, so too will we try
to advance a bit further along the edge of this precipice without losing the solid
foundation of fact.

These facts, however, are found in the wide and fertile territory of cell- and
nuclear division, which of all microscopic studies, is the one most securely based,
as the facts were gained by means of the living cell, and the sequence of pic-
tures was placed in order by comparison with the developing change. Nowhere,
however, is there such certainty in the transition pictures as in the karyomitotic
cell figures; indeed I would like to say that it is the only area in which transi-
tion pictures are more than theories. Until a few years ago these cell division
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processes were studied almost exclusively in lower animals with large cells or
by experiments on warm-blooded animals; in the case of human material, one
knew virtually only tumours, epidermis and lymph glands. Flemming said once?
“For although there are specialist colleagues who are not inclined to approach a
matter more closely until it is presented to them as a case in Homo sapiens, one
should not make any concessions at all in this direction.”

In this pronouncement lies the correct and very important meaning that no
one is in a position to understand these subtle and complicated cell division
processes in the small cells of humans and warm-blooded animals, if he has
not beforehand completely orientated himself with the large cells of the lower
animals. [, however, saw from the beginning, in spite of this pronouncement by
Flemming, that one might initiate necessarily extended investigations of Homo
sapiens if one really wanted

I “Mechanical-Physiological Theory of Heredity”, Munich, 1884.
2 Arch. f. mikr. Anat. vol. 20, p. 56. New contributions to the knowledge of the cell and its life
phenomena.

to draw far reaching conclusions as to the pathology of the human being, indeed
I am inclined to grant large concessions in this direction.

Only after I had acquired sufficient background by the detailed study of lower
animals and by numerous experiments was I at pains to assemble an extremely
rich and diverse collection of human pathological material. Naturally, youcannot
do that in the post-mortem room, although it was proved by one of my students!
that in human beings, the mitoses do not as a rule run their time after death but
(literally) go to ruination, gradually by chromatolysis, in which process the achro-
matic spindle lasts longest. Therefore, for a long period I was a regular visitor at
various surgical clinics and polyclinics, where, by the kindness of my surgical col-
leagues, rich and diverse specimens, normal and pathological, became available
to me (flowed to me). In this respect it is my first duty to thank Professor Kiister
(now in Marburg) who, on the occasion of my daily presence in his operating
theatre, unfailingly made available to me ample quantities of fresh tissue. No
less am I grateful to Messrs von Bergmann, von Bardeleben, James Israel, Veit
and many others for rich and varied material. To all these gentlemen I express
my heartfelt thanks, all the more because I certainly know what it means when
someone is present at an operation who wants something and, moreover, wants
itimmediately, as soon as a fragment has been separated from the body, not later
on, whenever there might be time for it (handing over the specimen — eds).

In addition, I must particularly thank my father who put part of his physics
laboratory at my disposal in order to set up the large microphotographic ap-
paratus, the use of which would otherwise have scarcely been possible for me.
For this apparatus I must acknowledge a scholarship from Countess Bose by
which alone I was given the possibility of completing the expensive production
of faultless photographs. I express with heartfelt feeling my gratitude as much to
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the memory of the noble founding lady as also to the committee which regarded
me as worthy of this scholarship. I am most respectfully and gratefull and in their
debt.

The investigations which I was thusin the happy position of being able to carry
through have led to a sequence of results which in part constitutes a confirmation
of current leading theories and extend and modify the latter; in part, however, |
believe, justifies new opinions. For me personally these were stimulating in the
highest degree and they have given me rich intellectual enjoyment. There was
only one sadness in all of this, namely, that at some points they brought me into
opposition with

! Hammer, On the behaviour of nuclear division figures in the human corpse. L.-D. Berlin, 1891.

the view of my much honoured chief and teacher, Professor Virchow. I mean
particularly on some points concerning the specificity of cells and the histogenesis
of carcinomas. I should not have dared to hand over these pages respectfully and
with a grateful heart to him, the founder and old master of cell theory, if he
himself had not found an excuse for this in the sentence, “I willingly recognise
that in many directions, in the knowledge of karyokinetic processes, such great
progress has been made that thereby wholly new points of view were gained”!.
May he judge the following remarks benevolently and mildly.

Berlin. 1892
! His Archiv. vol. 126. p. 8. The State of Cellular Pathology.

I Specificity

As long as one studied cells under the microscope one made use of the so-
called transitional imagesin order to draw conclusions concerning the life of cells
from the morphological presentations. The history of histology has taught us that
innumerable errors were caused by the use of these methods, the extirpation
of which cost much trouble and took a great deal of time, thus, once upon a
time, the theory concerning the genesis of cells from amorphous blastema and
of connective tissue as the matrix of all new formations, and of the origin of
connective tissue out of leukocytes and so on. One can scarcely find a histological
work in which conclusions were not drawn that things that lie alongside each
other come from one another. In more recent and most recent times innumerable
works of this kind appeared, for example, concerning the origin of tubular cells
from liver parenchymal cells,' of lymphocytes from reticulum cells? from cells
out of threads and intercellular holes® and many others. We are not going to
discuss here to what extent the conclusions of these authors are correct or not,
but whether the same are at all justifiable. No histologist will give up conclusions
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from transition images because it is these which give life to his science, but there
is in this something which surprises or even alienates one, i.e. in the expressions
which are always repeated in such works. “One sees how this or that becomes”.
To take a few examples Herman Schmidt says in Virchow’s Archive vol. 128, p.75,
“In some cells one can observe the transition in threads

I Baumgarten, Experimental and pathological anatomical understanding of tuberculosis. Zeitschrift
f. klin. Med. 1886.

2 Ribbert, On regeneration and inflammation of the lymph nodes. Ziegler’s Beitrige vol. VI. 1889
3 Grawitz and his pupils in Virchow’s Archive vols. 125,127,128, 129 and in other places.

that is to say, the thickening of the protoplasms, the lengthening of the cell body
and at the same time shrinkage of the nucleus and so on.” Grawitz says in Vir-
chow’s Archive vol. 127, p. 103, “At such borders between the softening tissue
and liquid pus, transition of mass numbers of tissue cells, often scarcely mixed
with leukocytes, into the pus can be observed; the collapsing tissue cells in this
process become mainly multinuclear and so on.” Those are but two examples of
many which I just happened to turn up. All that (in the papers above)is perhaps
only a matter of expression, which one will perhaps judge more mildly when one
understands from the presentation that the matter is not one of observations but
of thoughts put into (the discussion) and of conclusions which were drawn only
from those observations (considered error for “thoughts” — eds). This is essen-
tially making the facts fit the theory rather than the theory fit the facts or making
facts fit the preconceptions of the author, rather than the facts being looked at
clearly for themselves. Such conclusions, however, per se have absolutely nothing
provable. They can be made more or less probable so that in the most favourable
case they achieve a certain recognition and this recognition can maintain itself
until these conclusions are relieved by other more credible conclusions. Thus,
only actual observations have anything binding for science, all deductions and
above all transition images must arouse reservations and they have, indeed, in
the highest degree been discredited through the history of histology.

Now the theory of the metaplasia of cells is based on the study of such tran-
sition images — that theory which for long dominated certain sections of patho-
logical histology. If now one looks through works of metaplasia, the discussion
is of two quite different things, on the one hand that one type of cell or one
kind of cell can change into another and on the other hand that a type of cell
conforms to changed circumstances and is thereby itself changed. In an essay in
the Journal of Pathology and Bacteriology, May 1892, p. 673, on Transformation
and descent as actual metaplasia and histological accommodation (Reckling-
hausen’s “metatype”), Virchow distinguished these one from the other. Whilst in
older works the word metaplasia was always used in the former sense, in more
recent works we find it used in the sense of histological accommodation.!

The textbooks give relatively little information about this. In Cohnheim we
find nothing fundamental about metaplasia, Birch-Hirchfeld (sic) just touches
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onitin passing? and Klebs® mentions it only incidentally. Ziegler alone dedicates
to it a short

1 Compare with Posner, Virchow’s Archiv vol. 118 p. 391. Schuchardt, On the essence on Ocaena,
Volkmann’s Hefte no. 340; Moran “Concerning transformation of epithelia”, Thesis of (University
of) Paris 1889 and many others.

2 vol. 1.p. 110.

3 “General Pathology and Morphology”, pp 451,538,771,773.

but yet a personal section'. I can certainly take for granted the standpoint of
cellular pathology which at many points is concerned with metaplasia, and that
Virchow now on the whole remains true to his earlier opinions is obvious from
the work just quoted on the previous page (p. 7).

The little space which is allotted to metaplasia in the textbooks, compared
to the extraordinarily numerous works on the same topic, is certainly no chance
circumstance, but rather, is based on the research results which have made the
process of metaplasia appear ever more uncertain. Most recently this question
was publicly discussed at the International Congress in Berlin in 18902 following
on a lecture by Bard entitled, “Cellular specificity and the anatomical pathologi-
cal facts on which it is based”. The record gives the following information on this
(pages 98,99): “Mr Ziegler: the majority of pathological anatomists may well be
of the opinion that the single tissue formations in their outgrowth are not able
to form tissues of another kind, that epithelium can never form connective tis-
sue and connective tissue can never form epithelium and even connective tissue
substances can only form tissues of a certain kind — Herr von Recklinghausen
reminds the meeting that organisations do occur which do not accord with the
theory of clearly delimited specificity, corresponding to the points of view devel-
oped by Kolliker, especially connective tissue formations from epithelial cells
1. in the alveoli of the lungs in chronic pneumonia, 2. in the connective tissue
rings which emerge between Bowman'’s capsule and the glomeruli. The question
is where the frontier of the specificity of cells and tissue is to be drawn”.

It seems to me that two things emerge from this,namely, one, that such a unity
as that accepted by Ziegler does not exist yet at all as long such an authority as
v. Recklinghausen affirms an extensive cell metaplasia; secondly, however, that
now the question is as follows: is there in the fully developed body a genuine
metaplasia at all, or is everything “histological adaptation”? For the facts are not
to be doubted that mucus and connective tissue can change into fatty tissue, con-
nective tissue and cartilage into bone, ciliated epithelium into flat epithelium,
which is exactly similar to the outer epidermis; none of this can be doubted.
Questionable only is whether the connective tissue can change itself into epithe-
lium as Virchow says, or epithelium into connective tissue as v. Recklinghausen
presumes. Moreover, Ziegler’s observation is doubly weighty, as this researcher

! “General Pathology”. p. 232, 7™ edn.
2 Verhandlungen. vol. I1, 3™ treatise, pp 92 and 98.
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has until recently zealously defended the transformation of leukocytes into con-
nective tissue and, thus, (supported the idea of) a genuine metaplasia. It was
only through his further studies that he reached the point of denying a meta-
plasia at all.

The views which hitherto one had of metaplasia were acquired, as we have
said, through the study of so-called transition images. There were two kinds of
mishaps. Firstly, one could not be sure whether the cell forms found along side
each other even if they were very similar, really transformed one into the other,
that is to say, really present forms which belong together in one group; secondly,
however, I see no possibility of determining by transition images whether a cell
which has changed its form has also changed its kind or type, that is to say, whether
it is a matter of a genuine metaplasia or only of a histological accommodation.
If, for example, a tracheal cell loses its ciliated hairs, but literally develops the
ability to form keratin and is now so similar as to be indistinguishable from an
epidermis cell, then in the comparison of these cells there is no possibility of
establishing whether the same has really become an epidermis cell or whether
it has only changed its form. If Flemming in 1888! was able to say with a certain
pride “thanks to more recent works, and particularly those of Heidenhain and
his pupils, every expert pathologist can today decide in almost every case from
every well fixed glandular epithelial cell to which gland it has belonged” then
one cannot say this of most other cells, particularly when one takes into account
the changes in cells by pathological processes in and around the same. For we
judge the type of cell for preference according to the form of its nucleus and
protoplasm. In his “Cellular Pathology”? Virchow pointed to the fact that nuclei
often demonstrate great similarity amongst themselves, while the distinguishing
characteristics mostly lie in the protoplasm, that is to say, in the form of the
protoplasm. And it is precisely the form of cell body which is most easily changed
in pathological conditions — that is precisely where a metaplasiais, if at all, mostly
likely to eventuate. Therefore, we had to seek other means than those of simply
contemplation of transitional forms. I proceeded from this standpoint when some
years ago | approached the study of cell division. This simply had to have various
advantages over the mere contemplation of non-dividing cells (passive cells,
vegetative cells). One of these advantages is based on the fact that in karyokinesis,
the cells attempt to assume a spherical form. This is a process which Flemming?
indicated a long time ago.

L Arch. f. Anat. u. Phys. Anat. Abt. p.287.
2 4t edn. p. 10.
3 “Nuclear- and Cell Substance”. Leipzig, 1882.
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This process was found with particular clarity in his investigation of the division
of pigment cells' and this has also been confirmed by other authors. Here we
are dealing with an absolutely general law. Similarly to the way protozoa encyst
themselves before division, the tissue cells retract their cell processes, so that in
turn, the individual organelles of the cell move inwards towards the centre of the
cell and thereby achieve a sharper distinction from their surroundings (create
a sharper demarcation line). These circumstances can be clearly observed in all
human organs. Thus the squamous cells of the epidermis more or less lose their
serrations on cell division. One never finds a completely formed ciliated cell or
goblet cell in division, no brush border can be observed in kidney epithelia, the
connective tissue and mucous cells partially withdraw their peripheral processes,
and so on. On the other hand, absolute spherical form is attained only very rarely
in fixed tissue cells (most extremely seldom), the latter remain dependent, to a
certain extent, on their environment, just as the pigment cells of the salamander
do not do this. But a substantial part of histological accommodation is excluded
during division and the cell approaches the ideal form of its archetype; during
division it represents more its type and less its individuality. The main reason
for this is that during division the cell probably gives up every other function. It
neither assimilates nor does it secrete. This is apparent from a comparison with
monocellular organisms? which not only cease to absorb nourishment, but which
also before division even expel all absorption balls and partial absorption balls
(Nahrungsballen) as well as excreting vacuoles (Nahrungsreste). A very interest-
ing observation by Martinotti® supports this,namely, that those kidney cells which
were in the act of division did not turn blue on injection with sodium acid indigo
sulphate, while those which were in the so-called dormant phase (interphase —
eds) demonstrated the familiar Heidenhain’s reaction. Pointing additionally to
this is that the combined size of the daughter cells corresponds approximately to
the size of the mother cell and finally, that in cells with morphologically visible
secretion, the latter reduce almost to nothing during division. Lastly, we should
indicate the behaviour of the Ehrlich-Altmann granules (mitochondria — eds)
during division. As I have seen in numerous preparations, these become sparser
and become concentrated in the periphery of the cell bodies. In carcinoma cells
and cells which were dividing, they were virtually not there at all and I never saw
a plasma or mast cell in division.

L Arch. f mikr. Anat. vol. 35, p-275,1890.
2 Compare concerning this, Biitschli, The Protozoa, vol. 3, p. 1648 and at other places.
3 On hyperplasia and regeneration etc. Centralbl. f. path. Anat vol. 1, p. 633.

Miiller! too arrived at similar results, just as Luigi and Rafaello Zoja?. The only
exceptions are, perhaps, the lymphocytes which immediately on completion of
division almost have the size of the mother cells.

Whilst, however, the various cells in a state of rest concern themselves with the
most various types of work which are characteristic of their form, that is to say,
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secreting milk, mucus, water and so on, all reabsorbing it away or executing the
movements of their cilia; during division, all cells complete only these processes
and a great number of sources of error which could disturb a comparison are
excluded.

An additional advantage lies in the movement of the cell which takes a defined
exactly familiar course in karyokinesis. Thereby, all characteristics demonstrated
by the dormant cell are literally pulled apart: at every phase they assume certain
forms and thereby characteristic properties become visible which we were not
able to observe in the dormant cell, just as a similar number of pigeons demon-
strate their individualities only in their different modes of flight. In this, one has,
during the process of cell division, the additional advantage that by the methods
of fixation, one can capture every individual phase of division, snap shots so-to-
speak of a creature in movement, similar to the photographs of a man running,
a horse jumping or a bird flying*.

When the karyokinetic process right down to its details was discovered first
by Schneider* and then by numerous researchers, amongst whom van Beneden,
Eberth, Flemming, R. and O. Hertwig, Mayzel, Strassburger, Fol, Arnold and
others, are most prominent, then it was in the interests of the subject to establish
that all cells in the animal and plant kingdom can divide according to the same
scheme, in the normal as well as in the pathological condition, and these facts
can today be regarded as having been confirmed in brilliant fashion. Differences
which were revealed within this scheme were often observed and described. It is
known that those parts which particularly attract dyes were originally denoted
as loops (Schleifen).

I Arch f. exper. Path. u. Pharmak. vol. 29.

2 Intorno Memoire del R. Instituto Lombardo dei Scienze e Lettre. vol. XVI. VIL. Dellar Serie IIL.
Mailand 1891.

3 Compare Flemming, Cell increase in the lymph nodes and related organs etc. Arch. f. mikr. Anat.
vol. 24.

4 Examinations of platyhelminths. Jahrb d. oberhessischen Gesellsch. f. Natur- u. Heilkunde. 1873.
* This may be a reference to the type of photography which was invented in 1878 by Eadweard
Muybridge (1830-1904) — eds.

When it was then found that many kinds of cell exhibit no Schleifen then in line
with Waldeyer’s process the term “chromosomes” was chosen!. Particular forms
of karyokinesis were discovered by Flemming? in the testicles of Salamandra
maculata and he extensively described heterotypical and homotypical forms.
The same author drew attention in 1885 to the smallness of the mitotic figures
of leukocytes. Grawitz mentioned the same circumstance in 1890* and in 1891°
I demonstrated the difference between endothelial cells, lymphoblasts and the
dermis cells. Still in the same year® H. F. Miiller, who had arrived independently
at this result, used the different form of mitoses for the distinction between
different cell types in the bone marrow. My further observations on this are to
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be found in two essays “Karyokinesis and Cellular Pathology”’ and “Concerning
the anaplasia of tumour cells and asymmetric mitosis”® The remaining data —
which are numerous in the literature — concerning mitoses which deviate from
the scheme, refer to pathological forms.

In the works cited above I have asserted that one is in a position, within the
familiar scheme of mitosis, to recognise differences which recur again and again
in individual types of cell and which can be exactly specialised. In order to study
these differences, consistently treated materials are absolutely necessary. The
material must be fixed, embedded and stained in the same way, thereby a series
of difficulties and sources of error arise which lie in part with the techniques and
in part with the objects themselves.

In order initially to protect oneself from the bias which comes from using
only one method, a long study of numerous objects, of various types and which
have been treated in various ways is necessary; by that one gradually learns to
distinguish what can be related to the fixation and what to the staining and one
learns how to separate the artefacts from the genuine phenomena. Anyone who
has concerned himselfin more detail with these things will know that even within
the same method there are very great variations.

I On Karyokinesis and its relationships to fertilisation. Arch. f. mikr. Anat. vol. 32. 1888.
2 New contributions to the knowledge of the cell. Arch. f. mikr. Anat. vol. 29. 1887

3 Arch. f mikr. Anat. vol. 24.

4 Verh. d. intern. Med. Congr. vol. I1,3, Abt p. 9.

3 Verh. der Anat. Ges. Miinchen 1891.p. 255.

6 Deutsch. Arch. f. klin. Med. vol. 48, p. 51.

7 Berl. klin. Wochenschr. 1891, no. 42.

8 Virchow’s Archiv. vol. 129, p. 436.

If,however,one knows one’s method precisely, then one finds that certain changes 13
are caused in quite definite cell figures and there with a certain regularity, so that
with due care one can evaluate the same to a certain extent to allow them to
be distinguished. Thus, for example, at the conclusion of the diaster phase of
endothelium of vessels a clumping process in the chromatin substance almost
always takes place, which does not occur in other cells to that extent. In lym-
phocytes, achromatic spindles appear only rarely, a fact which is partly related
to the fixation and so on. Whichever method one chooses — whether Flemming’s,
Hermann’s or Fol’s solutions or sublimate — is relatively unimportant; one must
remember this if one wishes to compare cell figures with each other. Then one
may only produce for the comparisons, such figures as have been treated by the
same method.

The following data concerning forms of mitoses relate entirely to human ma-
terial; they were, unless indicated, fixed directly during the operation in concen-
trated aqueous sublimate solution. I have found this solution to be best for human
material (although it is not suitable for much animal material) as it penetrates
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quickly, does not deform, fixes not only the nuclei but also the cell substance and
is effective for the adhesion of the stain. Therefore,I do not regard it as necessary
to remove the sublimate afterwards either by washing out or with iodine. The
aqueous solution is to be preferred to the alcoholic as also to the salt solution.
The two latter are considerably stronger than the pure aqueous solution and,
therefore, have a destructive effect on the tissue, and also the salt crystalises out
in alcohol treatment and, therefore, a very careful washing with water is neces-
sary which is not advantageous for the material and is also time consuming. |
prepare the solution in such a fashion that excess sublimate is dissolved in hot,
not distilled, water. On cooling, the excess is crystallised out and if the liquid
is kept in a dark flask over these crystals, it will be preserved unchanged for at
least 14 days. By then the amount made ready is fully used up. The pieces are
to be chosen of such a size that they are completely saturated within an hour. If
penetration of the sublimate to the interior takes longer than an hour, by then
the mitoses have already changed so much and many organ parts, particularly
smooth muscle, become extraordinarily hard with a longer period of fixation in
the sublimate. After an hour I always take the pieces out and each of them is
put then for 24 hours in spirits, alcohol, origanum oil, xylol, xylol-paraffin and
paraffin.

Paraffin has been much reproached because it shrinks the tissue and one too
easily cuts through mitotic figures. The former which often occurs in soft animal
tissues

I have observed in human material and with the cautious embedding method
used above have not seen a disturbing degree of this reached.I do not believe that
any significant sources of error arise. As far as the cutting through is concerned,
one can protect oneself to some extent against it by making the sections not
too thin. Ten to 11 microns are absolutely thin enough, even thicker ones, for
less cellular tissues are still useable. Even then, however, one still cuts through
many a figure. When observing, however, one will always proceed quite safely if
one only considers such cells which have other cells in layers above and beneath
them. Such cells are not cut through.

As a staining method dilute Bohmer’s haematoxylin was used, in which they
were stained for 24 hours. The sections were stuck to the slide with egg white
glycerin and these were placed upright in a bath with dye solution, in order to
avoid precipitates. For the appearance of the chromosomes it is not a matter of
indifference whether one takes a dilute or a strong solution just as little as the
choice of dye is a matter of indifference. The stronger the dye stuff and the more
one over stains the thicker the chromosomes appear to be. Where the really
clear pictures are often achieved is in under-stained preparations. Comparisons
should be made once more only with preparations made with the same or the
most similar degree of staining possible. The counter staining was with eosin,
and also here the slow method proved to be the most practical. Dilute solutions
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applied over a long period and decolourised over a long period give the best
results for the making visible of the spindle and the centrosomes. Here too strong
a colouring is harmful and, therefore, for those things which are on the border of
what is visible at all, orange and acid fuchsin have not proved themselves for me
in human material, as these stain the cell bodies too intensively and differentiate
the details to a lesser extent.

Embedding always followed in Canada balsam in which, however, my experi-
ence was in some few preparations among several thousand, that one no longer
saw with the same clarity, previously quite fine details; for example, radiations to
attraction spheres in normal cells after the hardening effect of the balsam. For
the rest the preparations remained perfectly preserved even after several years.

Let me be permitted to say something about the photomicrographs. These, in
so far as they concern individual cells (Figs 1-76), were prepared under similar
conditions at about 600-fold magnification and they, therefore, permit direct com-
parison between them. The attached yardstick is a Zeiss objective micrometer
(1 mm divided into 100 parts) taken under the same conditions. An apochro-
matic 2.0 immersion of Zeiss, with the aperture 1.30, tube length 160, projection
ocular 2.

Bellows 50 cm was used. The photographs were carried out with the large Zeiss
apparatus which was set up, shock proof, on isolation pillars. As a source of light,
Auer’s gas glowing light was used and was exposed for about 10 minutes with
a narrow aperture (Blende “loophole”). This mode of lighting, over and above
its easy manipulation and cheap manufacture, has the advantage over electric
Circon glow light and sunlight in that with the longer time of exposure, one can
better match the nuances than with short exposures. Certainly, though, shock-
proof conditions are absolutely necessary as otherwise the slightest movement,
particularly in the room itself causes considerable disturbances. Only Schleuss-
ner’s plates were used which had been made autochromatic at the longest 24
hours by an erythrosin-ammonia bath. Zettnow’s powerful light filter allows
through only green and yellow light and should be tested beforehand; for this
the spectroscope was used, in order to sharpen the contrasts between blue (dark)
and red (light) which become weaker during photographing.

One must not expect from a photogram that it reproduces objects with the
same clarity as a drawing. The shallow depth of the pictures, as a result of which
only part of each cell can be clearly visualised, is disturbing. But almost more
disturbing are the indistinct figures, which shine through from other levels. The
scattered circles which, appearing as spots and shadows, very much affect the
clarity of the pictures. Of course, we also see this phenomenon in the micro-
scope but we are accustomed to compensate for this by use of the micrometer
screw. Against these disadvantages the photogram has the advantage of greater
objectivity, but only the expert will be able to see from these pictures. Anyone
unpractised in these things will be able to derive very little from these pictures.
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The best mode of visualising is with the magnifying glass in which, however, the
unavoidable grain in the print must be disregarded. When looking through the
magnifying glass this grain obscures numerous details which are visible in the
originals, and while looking with the naked eye, the graininess essentially does
not interfere.

In the comparison of cell divisions between each other there were in my
opinion two major difficulties, the elimination of which demanded the acquisition
of a specially chosen material. This was possible only in the course of several
years. The one difficulty is in the circumstance that in the normal fully developed
body not all types of cell contain mitoses. Where in the normal way mitoses are
present, there can naturally be no difficulty in establishing the forms of these
mitoses once the way (the methods) had been established. There are, however,
relatively few cell types of this kind: but I include

the epithelia of all outer surfaces communicating with the exterior world, thus,
primarily the outer epidermis and the cornea, the mucous membranes of the
respiratory, digestive, urinary and sex organs. Further, the hair and sebaceous
follicles, the crypts of Lieberkiihn and the epithelial cavity of the uterus, usually
called glands, finally the gland ducts and in most cases the lymphoid follicles.
However,mitoses are lacking in all other tissues: connective tissue series,muscles,
nerves, gliaand above allin all genuine glands. The testicles and mammary glands
occupy a special position of which the latter allow us to recognise a periodic
appearance of mitoses’.

As far as the cells of the connective tissue substances are concerned — partic-
ularly genuine connective tissue, fatty tissue, epithelia of the lymph and blood
vessels, cartilage and so on — many people here presume incorrectly that there
is here the same metabolism as in the epidermis; cells are continually disappear-
ing and being newly formed. This is clear, eg, from Schimmelbusch’s remark?
“... how the cells of ordinary connective tissue are continually dying off in or-
der to make place for young ones, without the cell corpses leaving any evidence
and so on”. However, mitoses are completely missing in these tissues in the
normally developed body. Thus no morphological finding indicates a process of
dying off completely and a substitution of the cell elements already present by
newly formed ones. Such views — and any conclusions resulting from them — must,
therefore, be regarded as quite inadmissible and I do not believe that they still
have many supporters.

It is different with the glands. In these cases there is still a large group of
authors who hold the view that — particularly in comparison with the lower ani-
mals — cells with secretions completely go to ruin and must be newly built up. This
standpoint has also been put forward again in the tissue theory of Schiefferdecker
and Kossel (p. 40, vol. 2). The findings wholly originate in the pre-karyokinetic
era and are based mainly on the semi-lunar cells in the salivary glands; a fact
which also converted Heidenhain? to this view. That this postulate, where it still
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appears, is not based on the finding of mitoses, is clear from Frenzel’s* work, who
expressly mentions that he has looked for mitoses in vain but has frequently
observed double nuclei.

1T have not carried out any investigations concerning possible regeneration of bones in human
beings.

2 Deutsche med. Wochenschr. no. 6, 5th Febr. 1891.

3 Compare in Hermann’s “Physiology”. vol. 5. Part 1.

4 On nuclear halving. Biol. Centralbl, no. 22. vol. 11, p. 701

In general one looks in vain in genuine glands for mitoses in those cells which
are only involved in secretion; as long as the latter are normal and no longer
in the process of development. Absolutely characteristic in this respect are the
glands of the fundus, pylorus and duodenum. Whilst in the ducts one always finds
numerous cell division figures, they are completely lacking in the secretory part.
A very significant example is the much-investigated mammary gland. During
the development associated with pregnancy, mitoses abound in the mammary
gland. Towards the end (of pregnancy) these become ever more infrequent and
during lactation they as good as cease completely. Podwyssozki! has already
documented this and summarised his views particularly in Progress in Medicine
18862. Then, in a series of essays, Coén® and Bizzozero and Vasale confirmed
the same* Steinhaus® too finds the same in the case of mammary glands even if,
according to his data, the process is rather more complicated. Quite particularly
confirming the maintenance of cells during secretion, however, is the positive
data of Altmann® who proved that the bodies found in the secretions which one
had always regarded as ejected cells, are only parts of the secretory cells without
nuclei. Contrary to these results — which more or less agree with each other — are
the data of Gaules’ who found in the pancreas of a dog a few mitoses. These are
to be given less credence since Nicolaides® could not confirm this finding. In all
of this, it is naturally not asserted that during secretion a cell never dies off now
and again and is then replaced by mitosis; but that such a process is not the rule
and (if it does occur — eds) should be regarded as absolutely pathological.

Apparent exceptions are the crypts of Lieberkiihn, the mucous membrane
cavities of the uterus and the sebaceous gland of the skin. However, because of
their coarsely anatomical structure, both the former are not to be regarded as
genuine glands. They do not display either ducts or secretory parts — as are shown
by all genuine glands — but on the contrary reveal themselves as simple mucous
membrane pockets.

1 Ziegler’s Beitrige, vol. 1.

2 Laws of regeneration in gland epithelia under physiological and pathological conditions. (no further
reference — eds).

3 Studies of the normal and pathological histology of the mammary gland, Ziegler’s Beitriige, vol. 2,
1887.

4 Virchow’s Archiv. vol. 110,1887 p. 155; Archivo per le Scienze mediche 1887, p. 195; anat. Anzeiger.
III Jarhgang. 1888 no. 26. p. 781; Atti della R. Accademica delle scienze di Torino vol. XXIV. 1888.
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3 Arch. f anat. u. Phys. Anat. Abt. 1892. p. 54.

6 “The elementary organisms”, Leipzig 1890.

7 Arch. . Anat. u. Phys. Anat Abt. 1882.

8 Compare with Ogata. Arch. f. Anat. u. Phys. Phys. Abt. 1883.

Incidentally, that something is also secreted by the cells of this cavity does not
yet prove its glandular nature because surface epithelia secrete without us de-
noting them — because of this — as glands. In the crypts of Lieberkiihn, mitoses
are primarily found in the fundus where goblet cells are almost wholly lacking.
Because no mitoses appear in the epithelial cells between the crypts it is not im-
probable that the fundus should be regarded as the centre from which the cells
arise and are gradually pushed to the surface. Originally the concept of secretion,
like most anatomical concepts, was a macroscopic one: the gland secreted. Only
in recent times was the concept carried over to the individual cell and thus mod-
ified. Secretion is a cell activity: dying off is not a cell activity and thus cannot
be included in the concept of secreting. Therefore, one cannot include sebaceous
follicles among the glands, as in them a mass of cells which are dead by regres-
sive metamorphosis is produced. One could with equal justice say that hair is
secreted by the hair follicle because in principal nothing different happens here
from (what happens — eds) in the sebaceous follicles.

In those tissues in which one always finds mitoses, one usually speaks of phys-
iological regeneration. In an essay on “Cell division in the human epidermis™ I
have tried to prove that in the epidermis, the mitoses are to be attributed to a
pathological process which is continued permanently as long as life exists. And |
believe quite generally that in what we usually call physiological regeneration, a
struggle of the organisms against the external world is to be seen. Thereby, above
all, the localisation of the tissue is in accord with this regeneration. They all stand
in direct relationship to the external world. Either they delimit surfaces or they
serve to conduct secretions from the interior to the exterior. The lymph follicles
constitute the only exception. Now lymph cells wander continuously through the
mucous membranes as they do also through the external skin to the outside, and
there they perish?. It is also not to be excluded that thereby a gap (in the tissues)
forms, which acts as a stimulus for the exuberant growth of lymph follicles.*

! Festschrift for R. Virchow. Berlin. G. Reimer 1891.

2 Compare Colles. Concerning the behaviour of migratory cells in layered squamous epithelium.
Virchow’s Arch. vol. 86. p. 462, and Stohr Concerning tonsils and bellows-glands. Virchow’s Arch.
vol. 97.p. 211.

3 As this work went to press, I encountered the excellent investigation by Lowit (“Studies on the
Physiology and Pathology of the Blood and the Lymph”. Jena 1892).In it I find confirmation of this
view.

* There is a suggestion here of Ribbert’s “tissue tension” hypothesis (see chapter 6 — eds).

196



I Specificity

From this we can see that the formulation of the question was hitherto actually
not quite right, although the result came to the same thing. One does not have to
ask which tissues show physiological regeneration, but rather on which tissues
does the external world exert a destructive influence, so that a permanent regen-
eration becomes necessary? All the various pathological conditions show that
almost all tissues are capable of regeneration but to different degrees. In some
tissues regeneration occurs so little in extent that the result is a very imperfect
one — for instance, the central nervous system — but in others so strongly that
they immediatelyreact to intervention with explosive development of new cells.

If, therefore, one wishes to study the forms of cell divisions in tissues in which
there is no permanent regeneration, one must resort to pathological specimens.
Thereby, however, the suspicion arises that through these pathological circum-
stances, deceptive appearances may be created which do not correspond to any
physiological process of cell division. Therefore, various processes of inflamma-
tion, hyperplasia and regeneration have to be studied in tissues which normally
contain mitoses, and (also to be studied is) to what extent these are thereby
changed. I have discussed what is revealed by such studies of division in patho-
logical cells,in Virchow’s Archive, vol. 123, p. 356, and I shall return to this later.
Here it is sufficient to note that these investigations reveal that — as Schwarz
has already emphasised for the epidermis! — on the whole the forms of the mi-
toses are not changed. Even if in the individual case some pathological deviation
occurs, this can be recognised for what it is and excluded from the study.

Thus, the important result for our investigation is: IN REGENERATION, IN HY-
PERPLASIA AND IN THE EXPLOSIVE GROWTH IN INFLAMMATION, THE TYPE OF FORM OF
DIVISION REMAINS INTACT. Like in “normal” tissue, so also in the course of these
(regenerative, hyperplastic etc — eds) alterations, the mitoses are extraordinarily
similar to each other with respect to size, form and organisation of their compo-
nent elements; with the exception of occasional figures which are to be regarded
as pathological. Simple hyperplasia and regeneration are the most similar to
the physiological condition. In inflammatory explosive growths, the mitoses be-
come somewhat larger, fuller and clearer. The individual parts — particularly
the achromatic figures and the centrosomes — emerge more clearly. One finds
in these preparations relatively more perfectly fixed mitoses than (one does) in
normal tissue, but no essential change in the character of the mitoses takes place
on account of it.

1 On the theory of nuclear division. Virchow’s Arch. vol. 124, p. 488.

From this I believe I am justified in assuming the same for those tissues in which,
normally, no mitoses are present; i.e. the pathological circumstances give rise
to nothing which could be understood as deviating from the usual type for the
cell (type), with the exception of those relatively uncommon forms which are
recognisable as pathological.
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The second difficulty which was revealed by the examination of this topic was
that it was frequently impossible to determine to which type of cell the observed
cell division figures belonged. In all situations where the tissues are distinctly sep-
arated from each other, i.e. in all epithelia and in all more highly differentiated
connective tissues — this naturally causes no difficulty. Quite different, however,
are the tissues in which — especially under pathological conditions — cells of dif-
ferent types are present mixed together. In practical terms these are primarily
the epithelia and connective tissue cells and the epithelium of the lymph sinuses
and of the vessels with which these lymphoid cells then associate. However, one
can disentangle these forms if one seeks suitable pathological processes in which
the relevant cell-type is provided, to an extent, as a pure population!. Such pro-
cesses occur mainly in the lymph nodes. In the normally active lymph node or in
simple hyperplasia, one finds in Flemming’s germinal centres, almost exclusively
lymphoblasts or lymphocytes respectively. In the so-called large cell hyperplasia,
which appears particularly in tuberculosis (but which can also appear without this
disease), there arises an almost exclusive exuberant growth of the lymphatic en-
dothelium. In fibrous degeneration —i.e. the induration-conditions of the lymph
nodes — it is almost always only the actual connective tissues of the lymph nodes
which proliferate. Thus, IN THESE VARIOUS CONDITIONS, ONE CAN STUDY THE BE-
HAVIOUR OF THESE THREE TYPES OF CELLS IN ISOLATION AND CAN LEARN THE FORMS
OF THE MITOSES, IF ONE SEEKS OUT THE APPROPRIATE MATERIAL.

The comparative study of numerous mitoses under the most varying condi-
tions and carried out in the manner indicated, reveals that typical differences
are found which recur with great regularity in the individual tissues. This is to
the extent that the relevant parts are clearly visible at all. THAT IS TO SAY, IN THE
INDIVIDUAL TYPES OF TISSUE, THERE ARE INDIVIDUAL DIFFERENCES IN KARYOKINESIS,
WHICH WITH SUFFICIENT PRACTICE ALLOW US TO DISTINGUISH THE INDIVIDUAL TISSUE
TYPES BY THE FORM OF THEIR MITOSIS. The mitoses of individual types of cells, e.g,
those of vessel epithelia, the epidermis cells and lymphocytes, are so different
from each other that one can distinguish them almost at first sight.

I Compare with: A contribution to the origin and increase of the leukocytes. Verhandl. der anat.
Gesellsch. 1891. p.255.

However, the mitoses of other tissues, which in their (embryonic) developmental
history are closely related to each other — e.g, the epidermal, sebaceous gland
and hair sheath cells — are so similar to each other, that one can only distinguish
them after long study.

Moreover, not every mitosis gives decisive information on the type character,
as small individual physiological deviations may persist. Also, given the smallness
of the objects, the position of the cell and other chance elements, all manner of
artefacts may blur the type of the mitosis. One must, therefore, always examine
the largest possible number of mitoses before one can be quite clear about the
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type character. In addition, our knowledge of the cells (in general) is still really
crude in comparison with the extraordinarily complicated processes which are
carried out within them. If, for example, one considers centrosomes and recalls
the fact that they are the middle point for typical and ordered movements of
larger cell parts — and the fact that in spite of this one can only in exceptional
cases perceive the details of their shapes or forms, and they, moreover, lie on the
border of what is visible at all — then one realises that we only know the most
coarse components of the cells while the actual details are completely concealed
from us. This shows us that the variations which we still have to establish can
only be concerned with relatively crude parts and, perhaps, only outer parts (of
cells). These variations also often characterise only trivial processes, while at the
same time the actual heart of the matter can elude us. However, that should not
hinder us in registering the clearly perceptible differences which we see; and
we should never refer to the individual cell but always to the results of large
series of observations. Thus, let no one reproach me if for once a tissue is found
which deviates from the type set down by me. If, for example, data are collected
concerning form and size of chromosomes, then I know very well that both of
these features can change to an extraordinary extent in the various phases (of
mitosis), and also that the length and thickness of chromosomes can be very
variable. However, from the observation of very numerous figures, we can estab-
lish average cases, and single individuals can be used more or less frequently as
representatives, and serve as a basis of the following individual data. Such aver-
age representative individual cases (Durchschnittsindividuen) have also served
as the basis for the photograms. In this process (of selection), I have avoided any
partiality as far as possible. One also sees from this that the photograms too do
not reveal more objective evidence for the correctness of these considerations
than drawings would. Thus, I have not made drawings of them (the figures) only
in order to make them more

credible because photograms give rise to fewer sources of errors in reproductions.

Now,as I believe that [ have protected myself to a certain extent against unjust
attacks, I proceed to the differences in individual types. These differences extend
to individual, several or all formed components of the division of the mitotic
figure; moreover, to the length of the single phase; and also to the whole division
and to a sequence of different properties of the nuclear and cell substance.

The size of the division figure

I deliberately avoid giving numerical data concerning the size of the figures;
as also later with chromosomes and centrosomes. Experience teaches that data
concerning large sequences of measurements have a wearying effect and still lead
to no correct result. In the shapes or forms, which are already small enough, small
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differences, in fact, comprise a large percentage of the total size. The variations
in volume cannot be determined from any dimensions of the surfaces — which
are all that can be determined with some certainty. All the same, it should be
noted that in the one type of tissue, cells which have proceeded to division, differ
from each other much less in size than cells not undergoing division appear to.
That can be attributed to the striving of the cells (detailed above) to assume
the spherical shape, whereby mistakes are made less easily in the reduction of
volumes of the cells than in the often multiform non-dividing cells. Now, young
cells with the exception of lymphocytes (see above) are always smaller than old
cells. However, once the cells have entered the passive phase, we are no longer
able to distinguish whether a cell is young or has only remained small, unless the
cells possess age-related changes, e.g, prickles and fibres in epidermal cells.

Much more constant than the size of the cell bodies is the size of the nuclear
division figures in the same tissues and in the same phases. Thus, in the monaster
phase, one should still pay particular attention to the systole and the diastole of
the chromosomes. Under this name Flemming has described a fluctuation of the
chromosomes in the anaphase shortly before metakinesis.! Even if Flemming
himself has abandoned this nomenclature for the process — in order to avoid
any misunderstanding — the nomenclature still seems to me to be absolutely
appropriate for the morphological condition. In the systole the star figure flattens
itself down and thereby, when seen in profile,

1 “Cell substance, Nuclear- and Cell division”. Leipzig 1882, pp 212 and 213.

seems to be smaller; but when seen from above, seems bigger. In the diastole,
the star figure is spread out again, and it now appears contrariwise, larger in
profile, but smaller when seen from above. This circumstance is to be heeded in
comparisons of two types of cell in the monaster phase.

The smallest figures are those of the lymphoblasts and lymphocytes. Let us
compare the Figs 5,14,23,32,44, 53 and 62 with the corresponding figures from
other tissues. The difference in size will be immediately obvious. The concern
is, above all, the chromatic substance. The cell contours in the lymphoblasts are
so delicate and transparent, that they are not visible in most photogrammes.
These figures — which are taken exclusively from the germinal centres of lymph
nodes — agree in all their properties with the mitoses of the lymphocytes in the
blood or in the tissues; as have been described quite recently and ever more
frequently. It scarcely needs to be mentioned that the opinion which in earlier
times was very widespread —i.e. that the cells originating from the lymph nodes
could not multiply in the blood — was wrong. Flemming had gone on for a long
time emphasising this possibility!. Before that, however, it was possible to make
all sorts of objections; particularly that the relevant mitoses belonged not to
lymphocytes,but to other wandering cells or to endothelial cells. These objections
disappear completely, now that it can be most clearly proved by the proximity

200



I Specificity

of the lymphoblasts in association with both forms of mitoses?. The smallness of
the lymphoblast mitoses is not based on a denser structure of the figures but on
the smallness of its elements — which are extraordinarily soft and very exposed
to artefact. Thus in no other type of cell do we see so much danger of coagulation
appearing, due to fixation, e.g, even in the monaster stage (Fig. 23).

Of the types of tissue pictured, the next biggest (mitoses) are those in the
crypts of Lieberkiihn (Figs 7, 16,25, 34, 46,55, 64), then those in the hair follicles
(Figs 4, 13, 22, 31, 43, 52, 61), then those in the sebaceous glands (Figs 2, 11,
20,29, 41,50, 59), then in the vascular epithelial cells (endothelium) (Figs 6, 15,
24,33, 45,54, 63), and finally, as the very biggest, in the cells of the epidermis
(Figs 1,10, 19,28, 40, 49, 58). The remaining tissues lie between these extremes.
The mitoses of the kidney and liver parenchymal cells are close in size to those
of the crypts of Lieberkiihn while those of the multi-layered mucous membranes
are of approximately the same size as those of the epidermal cells. The mitoses
of the real connective tissue cells are somewhat larger; as are those of the lymph
sinus cells and vascular

I Arch. f. mikr. Anat. vol. 37.
2 Compare with Verhandl. der Anat. Ges. 1891, p. 255.

epithelium — which for their part are so similar amongst each other that one is
inclined to regard them as identical.

We must return later to the size of the mitoses under pathological conditions,
especially in tumours.

Behaviour of achromatic figures

I have reported in the anat. Anzeiger! on the occurrence of centrosomes in so-
called resting cells of the human being. It is very striking that one invariably finds
these formations only in certain cell types;specifically in polynuclear leukocytes —
which, as far as we know in humans, do not enter into mitosis — and also in the
connective tissue cells. In the latter cells, later on when the mitotic figure is fully
developed, centrosomes are so small that one is scarcely in a position to see
them at all. In all remaining cells I was able to observe centrosomes only when
the spindle is clearly developed; however, for human cells that is not before
the monaster stage and is clearest in metakinesis. No formation in the cell is as
much dependent on any pathological process (which might be) present as are
the centrosomes. The differences in sizes of the centrosomes are, therefore, very
considerable in one and the same tissue. On the other hand, they really achieve
sufficient dimensions for one to perceive their details only in the epidermal cells
and their derivatives. I have never seen them exceed dot size in endothelial cells.
Even with the highest magnification they always remained a dot, and details
cannot be perceived in them. This supports their extraordinary smallness. In
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lymphoblasts — probably on account of their smallness — I was not able to see
centrosomes at all. In all lymph nodes and granular cells they are covered over
by granules in the cytoplasm,so that they could only be seen in very thin sections,
when the cell is cut through. Centrosomes become very large and shaped like a
grooved bread roll. They lie obliquely to the axis of the spindle.

The spindles themselves are among the most constant formations. Once they
have appeared, they appear in the same tissues always in the same form, and
do not deviate from this even in tumours. In contrast, there are very significant
differences — particularly in the steepness of the spindles in the monaster phase
(Figs 28-39) — amongst the various tissues. In the epidermal cells (Fig. 28) they
are always

11893.p.57.

steepest; the internal angle being the sharpest. Here they resemble the steep
spindles seen during the expulsion of polar bodies in eggs. The (spindles of the)
cells of the sebaceous follicles are most similar to this (Fig.29), while (spindles in)
hair follicle cells (Fig. 31) show an essentially flatter spindle. The flattest spindles
are seen in vascular epithelium and lymph cells. Whilst in the former — in spite of
the fineness of their threads — they are almost always visible (Fig.33), one mostly
misses them in the lymphoblasts (Fig. 32). One reason for this is the smallness
of the lymph cells, but (another reason is) because the spindle is so flat that in
the diastole it is almost completely covered by the chromosomes, whilst in the
systole it sticks out. The spindle was still visible in the specimen used for Fig. 32.
In the photogramme — with only an amount of goodwill — one can recognise
the flat triangles which close off the figure on both sides and appear as black
as the chromosomes. Sometimes one finds bent spindles as in Fig. 37. Up to
now, I have seen them (bent spindles) in three cases: once in normal epidermis,
once in molluscum contagiosum and several times in lip cancers (from which
Fig. 37 originates). In this one, I do not know whether it is a matter of artefact,
(because the) figures are otherwise perfectly fixed. All the same, given the striking
constancy of the spindlesin other respects —including in normal and pathological
tissues — I do not feel it necessary to attribute to them (bent spindles) a particular
significance. Just like the centrosomes, the spindle in cells is partly (Fig. 29) or
wholly (Fig. 34) covered over with granules when there is no clear division space
(see later).

The achromatic connecting threads are in human cells mostly very fine and
do not always appear definite. One sees them best when a clear division space is
present, thus particularly in the epidermal cells. Photography is only rarely able
to reproduce them clearly. What was originally present in the originals is almost
always lost because of the green in printing. They, the connecting threads, are
rather definite in the epidermal cells, which is particularly striking because they
appear very fine in the closely-related cells of the hair and sebaceous follicles.
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Like almost all achromatic components the latter, in the vascular epithelium, are
very soft but definite; in the lymph cells, however, they are almost never visible.
On the whole,however, we cannot use them much when distinguishing individual
types of cell. This probably corresponds to their small biological significance.

Chromosomes

The chromosomes are most difficult to assess but yet, along with the spindle, are
most important for the characteristics of the cells.

The difficulty lies in the continuous change of their lengths and breadths during
division. In spite of this, however, the differences between individual cell types
are extremely characteristic if one always compares cells which are in the same
phases. This difference appears most definitely in the monaster phase (Figs 10—
25). One finds the longest chromosomes in the vascular epithelial cells if the
monaster is well developed (Fig. 24), whilst shortly beforehand (Fig. 15) the
chromosomes are still rather short. Usually they form very sharply demarcated
stars and in this phase they show no tendency to coagulation. The chromosomes
gradually increase in size right up to the monaster stage; and the figures appear
extraordinarily distinct up to the dispirem. Then, however, a striking contraction
of the chromatic figure takes place (Fig. 63) through which it becomes small and
indistinct. Shortly before the resting phase, however, they again become looser
so that one is often able to see clearly basket structures in the field at the pole.
The epidermal cells, on the other hand, behave quite differently. Alreadyat an
early stage (Fig.1) the chromosomes have the same length as later, and the length
remains the same throughout the whole period of cell division. At all stages
they (the chromosomes) are bigger than those of the endothelial cells, except
in the monaster phase. Also absent are the clear diminution and contraction
of the dispirem (Fig. 58) and during the final dissolution!. Very close to the
epidermal forms are those of the sebaceous and hair follicles; except that in
the former mostly, in the latter invariably, they are somewhat smaller. All these
division figures are similarly very clear and transparent, like those of the vascular
epithelial cells. Because of their mostly thicker and fatter chromosomes, they look
stronger and more condensed. In the crypts of Lieberkiihn the chromosomes are
extremely thin — even thinner than in the lymphoblasts — being longer and more
slender (Fig. 25). Mostly they have a tendency to coagulate, which appears at
almost all phases except for the monaster, so that in the anaphase one is only
seldom able to see clear figures. The chromosomes of the lymphoblasts are the
shortest. I observe in them a property that I have not otherwise noticed at all.
They have a tendency to form club-like swellings at their ends. It is not to be
doubted that this is an artefact which, however, appears only in this one type
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of cell; but (in that cell type, it appears) during the most various methods of
treatment.

I By mistake in the Festschrift for Virchow (October 1891: Concerning cell division in human epi-
dermis, p.5) cells of the vascular epithelial cells were mistakenly recorded where it should have been
epidermal cells. It will not have escaped the attentive reader that the description did not accord with
the figures. It is, therefore, important to correct this error here.

This phenomenon is not seen in all figures but only in occasional ones. The chro-
mosomes remain more or less the same size and strength up to the monaster
phase and do not essentially change in length up to that point. In metakinesis,
they become very short and then, in the anaphase, they increase in size to such
an extent that each of the daughter stars has the size of the mother star. That
is based on the circumstance (already mentioned above) that the lymphocytes
are, perhaps, also able to digest nourishment during their divisions. Both daugh-
ter stars move so considerably apart from each other that sometimes one can
scarcely recognise them as belonging to one unit. However, nowhere is the dan-
ger of cutting off a star by sectioning of tissue — without one being able to prove
it — greater than in the lymphoblasts (Fig. 53).

Nothing can be said with certainty concerning the number of chromosomes
in the human being. It is, therefore, also not possible to say whether the different
tissues have a different number of chromosomes. As important as this point is,
have hitherto not been able to find a method which would lead to a certain result.
This anyone will find understandable if they try to count the 24 chromosomes in
the larger cells of Salamandra maculata. What s already very difficult there — and
only successful under favourable conditions — is quite impossible in the smaller
and more chromosome-rich cells of the human being. This is even less possible
with methods known to us. Certainly the number is higher than 24. However, I
have the impression — but only only suggest it with the greatest reserve — that
the number might be greater in the epidermal cells rather than in the vascular
epithelial cells.

Division space

Asis well known, the significance of the phenomenon of the division space is still
disputed. Pfitzner! is of the opinion that this space represents the achromatin of
the nucleus and that therefore,during division, the nucleus always remains a body
closed off (from the rest of the cell). He came to this conclusion by treating the
specimens with Na;SOy, which in his opinion colours the achromatin. Haema-
toxylin (when applied later) was supposed to remove this colouring, leaving only
the chromatic substance tinged. Tangl® proved that the chromatin mass swells
because of the Na;SO4, and

! On the morphological significance of the cell nucleus. Morphol. Jahrb. X.
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2 On the relationship between cell body and nucleus during mitotic division. Arch. f. mikr. Anat.
vol. 30.

forms a peculiar figure which then is brought back to its normal appearance
by the shrinking effect of the haematoxylin. Schwarz! does not share any of
these views. He believes, with Pfitzner, that during division the cell nucleus does
not give up its isolated independence, and that the division space is an artefact,
which is brought about by the shrinkage of the nucleus. The cell nucleus never
undertakes any connection with the cytoplasm and the entire process of division
is carried out within the original limits of the nucleus. That this view — of the
absolute independence of the nucleus viz-d-vis the cytoplasm - is incorrect is
evident from all new discoveries concerning the behaviour of the centrosomes.
For whether the latter primarily originate in the nucleus or whether they are
part of the cell body - they are nonetheless situated at a certain point in time
outside the nucleus and enter into closest relationship with the chromatic division
figure via the achromatic spindle?. By this, a spatial mixing of nuclear and cell
substance is surely proven. Specimens which Schwarz used — human epidermis —
must also seem unsuitable to determine such a question. Over and above this,
however, H.F. Miiller® has proved the penetration of cell granules between the
chromosomes. I therefore regard it as thoroughly improbable that the pivisioN
SPACE — as I should like to call it — is identical with the nuclear margin. The
question is:is the division space solely an artefact or is it based on morphological
conditions of the cell, and (if so) what are they? That the division space does not
exist in the life of the cell in the same way that it does in the fixed cells is beyond
doubt. That it appears, however, in one type of cell with great regularity and has
a different form in others — and even in certain types of cells it can be missing
altogether — speaks for it having a morphological foundation. I see the same
(the morphological basis) in the behaviour of the granules of cell — mentioned
above — which become less numerous during cell division (see p. 10) and which
(the granules) in many cells are concentrated at the periphery of the cell bodies,
whilst in others they fill out the entire cell space and also penetrate between the
chromosomes (Miiller).

Thereby an extraordinarily clear distinction becomes apparent. In the epi-
dermal cells and cells nearby, e.g., the hair and sebaceous follicles, we observe
the divisional space sharply demarcated
I Virchow’s Arch. vol. 124. p. 512.

2 The literature was recently given extensively in O. Hertwig’s work, “The Cell and the Tissues,” pp

143-201 and I can here certainly point to it.
3 Study of knowledge of division in leukocytes. Arch. f. exper. Pathol. und Pharm. vol. 29.

as if it possessed its own membrane (Figs 10,12,22,28,31,40,41,43,49,50,51,52,
61,69,70,75). Within the divisional space there is always the same chromatic fig-
ure, spindle and centrosomes, but under individually favourable circumstances,
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one sees the polar radiations extending right over the divisional space. The di-
visional space, moreover, is never quite empty here, but it always contains a
substance — which colours weakly with eosin and similar substances — but which
appears more homogenous than the other cytoplasm. In a large sequence of cell-
types —e.g.,the vascular epithelial cells and the cells of the crypts of Lieberkiithn —
the divisional space is almost always present but it is irregular in form and not
sharply demarcated. One sees either (i) the more intensely coloured and finely
granulated border zone of the cell pushed to the fore against the divisional zone
in little points, angles and edges, or (ii) the border zone becomes gradually lighter
and more homogenous in the environs of the nuclear division figure. Again in
other cells, the divisional space is totally lacking. To this category above all be-
long the lymphocytes and lymphoblasts. This is consistent with, on the one hand,
Miiller’s data (see above) —namely, that in cells which are related to the latter the
granules can penetrate between the chromosomes — and on the other hand (with
the fact that) they often have such transparent protoplasm; and that, because of
this, the emergence of a particular divisional space is impossible.

Cell division

The cleaving of the cell (cytokinesis) after the completion of nuclear division has
no characteristic features for distinguishing between the cell-types. It happens
either simultaneously from all sides or from one side more strongly than from
the other. In this, there is nothing of note that would not already be known from
observations of the lower animals. Only in the lymphocytes is a peculiarity (of
cytokinesis) apparent, as has been already noted by Flemming (as cited above).
These cells divide as a rule very early on, often when the nucleus is in the diaster
phase. Thereby the daughter elements achieve early independence which, per-
haps, explains the great degree of separation of the dissolution figures which has
been so often observed here. I believe too, that by this the duration of division
in lymphocytes is considerably shortened.

In pathological circumstances a delay in cell division occurs but this only
arises when the nuclei are already in the resting phase. Sometimes cell division
can simply not occur at all. That happens with particular frequency in triple and
more divisions (of nuclei without cytokinesis). When more than four nuclear
divisions occur, I have not observed cell division at all, whilst three divisions
without division of cytoplasm are not infrequent. Thereby a series of cells with
two and more nuclei is

explained. It then happens that such nuclei get ready for division afterwards,
separately. Such processes I have observed several times with absolute certainty.
I saw one cell where five separate nuclei were situated in the monospirem-stage.
In most cases, however, the appearances indicate that multinucleate cells do not
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originate through separate division figures from several nuclei, but by pluri-polar
mitosis out of one big nucleus.

The achromatic connecting threads are tied together through cell division
and form a spindle which is mostly longer and sharper than the genuine spindle
in which, however, a centrosome at its apex can never be observed.

The duration of the process and the period of incubation

From the very beginning one has been aware that certain phases of cell division
occur more frequently than others, and one has concluded from this that these
phases must proceed particularly slowly. Thus it is known that the metakinesis of
all types of cell is found much less frequently than the other phases,and so the turn
around (Umschlagen) of the chromosomes probably occurs within a very short
period of time. If, however, one now examines the tissues of various individuals
and under the most varying conditions (normal and pathological), then one finds
strikingly little constancy in these phenomena. Extensive counts have shown me
that now the prophase is dominant,now the anaphase —in the same types of tissue
but only from different individuals.I cannot decide with certainty whether here
it is only individual differences or — as I am personally inclined to believe — it is
the type and strength of the pathological process which is influential. Only in the
crypts of Lieberkiihn did I find anything of great constancy. Here the prophases
and the dispirem were present in large numbers; on the contrary, metakinesis
and the other figures of the anaphase were decidedly infrequent. Only isolated
examples of these were found in numerous preparations from many individuals.
This indicates that differences between the individual types of cell will exist; and
that these differences can be blurred by pathological processes etc to the point
of being unrecognisable.

On the other hand, we find considerable variationsin the period of time taken
by the whole cell for division between the different types of cell. Thus I believe
that the mitoses of the endothelial cells and of connective tissues are carried
through more rapidly than those of the epidermis. I

observed several cases of poor granulation tissue formation after longstandingin- 31
flammation, with atypical epidermal proliferation, as described by Friedlinder!.
Large masses of endothelial cells and relatively slender tongues of epidermis had
formed. As the whole is formed in a short period of time, one has the definite
impression that much greater masses of endothelial cells are delivered than are
epidermal cells — even if one assumes if a large part of the epidermis becomes
keratinised and is shed, and especially that the epidermis always takes longer for
its keratinisation. Nevertheless, although the mitoses in the epidermis vary con-
siderably, they are more numerous than those of the endothelial cells. It is also
striking too that in connective tissue and endothelial proliferations — which have
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proceeded under the eyes of the observer, eg, tuberculosis of the oral mucous
membrane — always fewer mitoses are present than might be supposed from the
rapid growth and from the masses of such cells which are present. The same is
true of rapidly growing fibromas, eg, the nasal polyps.

However, the number of mitoses observed does not depend only on the time
forit to proceed,butitis a function of the period of rest. The relationship between
these two periods determines the number of mitoses present at every moment.
This is best illustrated graphically. Let us assume in a tissue space, whose size is
represented by the abscissa, within a certain period a

Fig. 1. Pig. II.

o,

number of mitoses (in this example 68) occur. The time which the latter need is
represented on the graph by the stripes, the period of rest by the free space in the
direction of the ordinates. Now if at some point in time — which is determined by
the position line ab — the further progress of the mitoses is interrupted, then in
case 1 (Fig. 1) where the period of the division compared to that of the resting
phase is in the ratio of 1:2; eight mitoses can be observed. On the other hand in
case 2, where the ratio is 3:1, the mitoses number 18, i.e. more than doubled. In
the whole period of time under consideration,

1 «“On Epithelial Proliferation and Cancer”. Strassburg, 1877.

in the first case, precisely the same number of cells has arisen as in the second.
From this we conclude that from the number of mitoses observed we cannot
without further ado determine the number of new cells which form in the period
of time. This is because, for assessing the duration of mitosis, an uncontrollable
factor has to be taken into account, namely, the period of the rest pause. This
factor, however, is not constant either for the individual tissues or in general.
Furthermore, this factor is changed by all possible influences, although the divi-
sion time itself seems to be more constant for the individual cell types, within
certain limits. In order to clarify this, I isolated an infusorium belonging to the
class of ciliates in a moist chamber sealed with Vaseline!. Here the nutrients and
probably the oxygen decreased gradually. The period between successive divi-
sions of the cells became longer, whilst the duration of the division itself did not
demonstrably change. When I then placed one of these young infusoria in a new
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moist chamber and laid on its base some oxygen producing algae, the resting
pause became shorter again, indicating the possibility that the rest pause was
influenced by the nutrients which were given. This is also apparent in various
pathological processes, eg, the epidermis. If in a sclerosis of the skin — as is found
in scleroderma and also in certain forms of leprosy — the nourishment of the
epidermis is markedly reduced, the number of mitoses in it is reduced, without
the latter being wholly absent. This also can be understood as nutrients affecting
the rest pause. However, it may be other influences which affect the rest pause.
Another phenomenon is probably relevant here, to which I referred earlier?. It
is known that when any proliferation stimulus acts on the cells, the latter do not
proceed straight away to mitosis, but that a certain time elapses which I called
the period of incubation (see above). It now appears that in various tissue types
(and also in various animals) this period is not the same. It fluctuates between
three hours® and three days*. Suitable specimens, which are naturally very hard
to come by, were not available for me to carry out comparative studies in human
beings, but I was able to initiate one comparison. If one makes a small skin in-
cision, one finds after 24 hours (probably earlier too) a perceptible increase of
mitoses in the epidermis,

! Colpidium, Biitschli, “The Protozoa”. vol. ITI. p. 1704.

2 Karyokinesis and cellular pathology, Berl. klin. W. 1891. no. 42

3 Garré: Chirurgische Beitrige von Bruns. IV. 1889

4 v. Biigner: Regeneration of nerves. Ziegler’s Beitrige. vol. 10, p. 321.

whilst during the same period of time, only an increase of the wandering cells
can be demonstrated in the connective tissue. Only on the following day — or
even later — do mitoses appear in the connective tissue. Thus the incubation time
for connective tissue is longer than that of the epidermis. That accords with all
observations which have been made in the regeneration of keratinising skin,
epidermis, etc.

Position of the mitoses

A few particular things which did not find a place under the preceding headings
still have to be mentioned. First of all is the peculiar process of nuclear migration
in the cell prior to cell division. In all clearly bipolar cells —i.e. in the cylindrical
cells of the gut, and many tumours there; in the basal cells of multi-layered
mucous membranes and also in the epidermis — the nucleus shifts from the base
towards the apex of the cell while it is still apparently in a state of complete rest.
This phenomenon is very clear in the gut epithelia, because here all the nuclei
lie at the base excepting only those cells in the process of division. They move
out of the (basal) row in a step-wise fashion towards the lumen of the crypts of
Lieberkiihn (see Figs 7, 16,25, 34). Only after cell division has been completed
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does the nucleus move in a step-wise fashion back to the base of the cell again.
This process was described at the same time by Reinke!' and by myself> — by
Reinke for the cells of the crypts of Lieberkiihn and by me for all clearly bipolar
cells. In the epidermis and in the multi-layered mucous membranes this process
plays a part—but only insofar as one never perceives the mitotic figure in the basal
part of the cells as described by Drasch?, but always in the top part of the cell. The
process, moreover, had already been seen earlier in the central nervous system
of embryos but it was not recognised that it was a case of nuclear wandering®.
Another peculiar feature of many cellsis that they only achieve division when
at definite locations, so that one speaks of germinal centres or germinal layers.
These very appropriate expressions were introduced first by Flemming* and have
been generally accepted. For example in the epidermis and in the multi-layered
mucous membranes, mitoses are found almost exclusively in the most basal cell
layer,
! Investigations on the relationship of the nuclear forms described by Arnold to mitosis and amitosis,
Dissertation Kiel, 1891.
2 Cell Division in the Epidermis. Virchow’s Festschrift, 1891.
3 Sitzungsber. der k. Academie in Wien, 1866, vol. 93, May issue.
4 Compare: Rauber, Nucleus division figures in medullary tube of vertebrates. Arch. f. mikr. Anat.

vol. 26, 1886.
* but possibly earlier by Goodsir — see Chapter 3 (eds).

i.e.closest to the papillary bodies (dermal papillae). It can only be described as an
error when Schiitz! asserts that mitoses are more common in the third highest
layer of the epidermis than in the basal layer. That is exactly the opposite of
the real situation. An epidermis which shows more mitoses in the higher layers
than in the basal layers is to be understood as pathological, and it is beyond
comprehension how Schiitz can add to this completely inaccurate assertion a
statement that this (the erroneous assertion) is a well known fact. In addition
to this, Schiitz has the mitoses in carcinoma cells in the lowest cell layers, which
again is absolutely incorrect, because precisely the opposite takes place. As has
recently been correctly emphasised by Strobe?, the mitoses in carcinoma cells
are distributed randomly. Nevertheless, we should not generally agree with that
either, because in carcinomata which have their origin in layered epithelia, the
germinal layer is just as preserved as it is in benign warts and pachydermia of
the same organs. Only this germinal layer is somewhat broadened. A random
distribution of the mitoses occurs, as described by Strobe, in other carcinomata.

The same is true of the sebaceous follicles,in which similarly, the mitoses are
normally situated in the basal layer and do not move upwards to any significant
degree ininflammation or benign tumour,eg, molluscum contagiosum (see Figs 3,
12, 30,42, 51, 60). On the other hand in the hair follicles, the germinal layer is
quite broad from the start and does not restrict itself to the basal layer.
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Inlymph nodes,the germinal centres are exactly described in pre-karyokinetic
times by His and then by Flemming (cited above). Germinal centres — which,even
under physiological conditions and in each case according to the activity of the
lymph nodes, show large degrees of variability in their extent — increase con-
siderably in their size and pathological conditions and especially their mitoses.
Mitoses, which are found occasionally outside the germinal centres of physio-
logical lymph nodes, increase very significantly (in pathological conditions).

Newly-defined germinal centres are not otherwise found in the connective
tissues. However, it has been confirmed by many researchers that in wounds the
regeneration is striking and does not occur in the cells immediately adjacent but
in the cells which are several cell places distant. Newly-delivered cells are then
gradually pressed forward into the defect. In granulation tissue, on the other
hand, the mitoses occur apparently quite randomly. If, however,

! “Microscopic Findings in Carcinoma”. Frankfurt a. M, 1890, p. 14.
2 Ziegler’s Beitrige vol. XI.

one observes carefully, they almost always occur near the vessels, whose epithelia
firstincrease in number and then become multi-layered,so that cells which derive
from the capillary wall cells no longer go to the lumen of the vessels (e.g., Figs 6,
24 and 45). These cells (in the interstitium), because of the similarity of their
mitoses (to those of vascular cells) are thus documented as deriving from the
epithelium of the vessel or lymph sinuses. According to this, therefore, I totally
agree with Billroth who says',“I want to assert a priori that the granulation tissue
proceeds according to its main elements from the cells of the vessel wall”. Also,
Flemming? emphasises in salamander larvae how, in new formations of vessels,
the mitotic figures are not at the apex of the vessel sprout but always one or two
cells behind.

I have described the differences between the mitoses of the different cell types
in relatively few types. One reason is because comprehensiveness cannot be
achieved yet and another is because presentation of a larger amount of mate-
rial would have a tiring and confusing effect. As one has to restrict oneself to
relatively coarse parts of the cells, and the more refined structures particularly
in human cells, elude us almost entirely; so the description — in the very nature
of things — always revolves around the few points presented. If further material
were included, one would wholly lose perspective; I will only add that apart from
the tissue types mentioned, I have also studied the cells of the kidney and liver
as well as the parenchymata of the salivary, mucous, sweat, labial, pylorus and
mammary glands of the usual connective tissues, of the corpus luteum, of the
mucous tissues, of smooth muscle and of cartilage in children. Always the special
peculiarities were proved in the mitoses of these cells; even if the mitoses do not
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appear everywhere with the same clarity. The preceding description, together
with the photograms, will be sufficient I believe to show what I would like to
prove — namely that perceptible differences occur in the process of cell division
of individual tissue types.

Now these differences are also expressed sharply in mixed tissues so that one
can recognise them from these differences — the forms of individual tissue mi-
toses — e.g. in endothelium, connective tissue, leucocytes (i.e. granulation tissue),
the epidermal rete; everywhere these forms are strikingly constant.

1 “On the Influences of Living Cells of Plants and Animals on Each Other”. Vienna 1890. p. 25.
2 Arch. f. mikr. Anat. vol. 35, p-275,1890.

Nowhere are transitions from one site to another encountered — which is all the
more notable because such transitions were often assumed in resting cells. Also,
nowhere was such latitude for activity present than specifically in mixed tissues.
Thus these findings are particularly suited to give new and weighty support to
the theory of the specificity of the cell. Because it is precisely here that these
transitions are completely lacking: where the cell is liberated from chance ex-
ternal influences, and where histological accommodation (an extremely variable
entity) is reduced to a minimum. Certainly, many tissues still remain to be ex-
amined so that one is not at the moment in a position to assert that no genuine
metaplasia ever occurs. The existence of the latter has become very improbable
and one is forced more and more to the view that genuine metaplasia is absent —
not only from epithelia in which formerly one almost assumed this specificity* —
but also from connective tissues. Quite unacceptable accordingly — it seems to
me - is the view of von Recklinghausen (cited above) that in the lungs and kid-
neys, connective tissue could arise from the epithelium of alveoli and from that
of Bowman’s capsule respectively; or that as Baumgarten says', the lymph nodal
and epithelial cells participate in the formation of tubercle cells; or as Ribbert?
and Schmidt® describe,lymph bodies arise from endothelial cells. The assumption
may be just as improbable as that epidermis, node cells or mucous membrane
epithelia derive from connective tissue cells. The simple evidence of mitoses is
not sufficient to show which tissue contributes to a unified new cell formation.
For it is a generally valid law that proliferation stimuli are never limited to a
specific tissue but extend over a particular area irrespective of the various types
of tissue. Thus in the interstitial syphilitic processes in the liver — just as was de-
scribed for tuberculosis by Baumgarten (cited above) — mitoses are found in the
connective tissues and the vascular epithelium,just as in the liver cells. In lupus
of the skin, a significant intensification of mitoses was shown in the epidermis
without it having to be assumed that the epidermal cells were involved in the
formation of subepidermal tubercles. The forms of mitosis must be kept precisely
separate from each other and one will never find transitions in this.
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I Experimental and pathological-anatomical understanding of tuberculosis. Zeitschrift f. kl. Med.
1885, vol. 9, pp 93,245, and 1886 vol. 19, p. 24.

2 On regeneration and inflammation of the lymph glands. Ziegler’s Beitriige V1. 1889.

3 Arch. f. mikr. Anat. vol. 38,1892, p- 524 ff

* probably what is meant by “specificity” here is “specific metaplastic process” (eds).

THE TRANSITION PICTURES OF THE RESTING CELLS, HOWEVER — WHICH CAN BE INFLU-
ENCED BY EXTERNAL LOCAL CIRCUMSTANCES, BY MOMENTARY CHANGES IN NUTRITION,
BY STIMULI OF ANY KIND — HAVE, ACCORDING TO THE FINDINGS OF SPECIFICITY OF MI-
TOSIS, NOTHING TO CONTRIBUTE IN THE WAY OF PROOF OF, AND MAY NOT BE APPLIED TO,
THE PROCESS OF A GENUINE METAPLASIA.

Thus by way of direct observation, we come to the statement which was put
forward by Bard! on the basis of more theoretical considerations: “omnis cellula
e cellula ejusdem generis”.

If I am now inclined — on the basis of the previously mentioned investiga-
tions — to deny a genuine metaplasia, and on the other hand to assume extensive
degrees of histological accommodation; one could easily gain the impression that
the concept of histological accommodation had replaced metaplasia, but that the
matter itself remained unchanged. Now that is naturally not the case, as can be
immediately recognised if one examines it more closely. I exclude all transitions
from epithelial cells to connective tissue and vice versa as impossible and find
myself in agreement with the majority of histologists on this. That ciliated ep-
ithelium can translate itself into squamous epithelium; or the epithelium of the
ducts of the pancreas in the case of ranula into ciliated epithelium; or that cysts
with multi-layered epithelium and the like can develop from testicular tubules;is
well known and has been interpreted as histological accommodation. However,
it would be incorrect if on the basis of these findings one were to assert that
the flat epithelium in the trachea or on nasal polyps is really epidermis, or that
the ciliated epithelium of the ranula is identical with that of the trachea. It is
certainly doubtlessly correct that bones or fatty tissue and so on can be formed
from connective tissue. However, with Ziegler (cited above), I believe that not
every connective tissue can transform itself into either bone or fatty tissue, but
that only specific types of connective tissues can do this. If, for example, mucous
tissue of the foetus transforms itself into fatty tissue while the mucous tissue of
the vitreous humour does not, then that alone is a sign that we are dealing with
two different types of mucous tissue. That connective tissues are not everywhere
the same is clearly already evident from ordinary examinations: for example,
compare the connective tissues of the skin with those of the ovary; here also the
mitoses show considerable differences. Indeed, I am inclined to assume that the
connective tissue in every organ is a specific one and particularly on the basis of
the forms of mitoses.

I Arch. de Physiologie. 1886. Tm 7. Series II1. p. 406.
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However, my material is not yet sufficient for me to embark upon a classification
of the forms of connective tissue and that is also the reason why I have refrained
from setting down any single mitotic sequence characteristic of connective tis-
sues.The idea of the unity of connective tissue does not stem from morphological
agreement but mainly from the idea of a unified connective tissue germinal cell.
However, because the parablast theory has lost more and more supporters and it
has been shown that connective tissue can be formed in the most various places
of the embryo, so then one will be the more easily converted to the view that
connective tissues are not identical everywhere. Moreover, the idea of the speci-
ficity of the different connective tissue types contradicts the theory of a unified
connective tissue germinal cell as little as the specificity of epithelia contradicts
the idea of a unified derivation of the latter.

If one now assumes such a specificity of cells, one must also formulate an
idea as to how this specificity comes about because all cells once upon a time
derived from the same cell — the mature fertilised egg cell. There are two theo-
ries on this: (i) that the cells are brought into position by mechanical means and
that their character is determined thereby, whilst (ii) assumes a differentiation
proceeding from intracellular mechanisms. The first view, however, also actually
assumes a histological accommodation, which then leads to a lasting inheritable
property of the cells. Other researchers furthermore, amongst whom O. Hertwig
publicly declares himselfin his text book “History of Development”,! take up an
intermediate position,in that they assume differentiation via histological accom-
modation in consequence of mechanical change in situation; and also propose a
differentiation by division of labour.

The foundation of the idea of the independent development of the individual
tissues is to be traced back to Remak?. Then the purely mechanical theory (of
this) found its main proponent in His, who in his well known work on body form
explained the mechanical influences on the shape of the embryo in an elegant
and most vivid way. But just as little as the beautiful and interesting attempts of
Quincke® and Biitschli* convince us of a purely mechanical concept of
1 3r