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FOREWORD

I greatly appreciate being asked to write a foreword to this book.
Unfortunately, illness precluded me from participating in and attending this evidently
successful meeting. Apparently, the fact that I was born in Budapest encouraged the
editors to ask me to write something for the book, and I am pleased to do so.

The first time that I was introduced to this area was through the seminal work
of Ader and Cohen. By that time, I was certainly familiar with the extraordinary body
of work associated with Hans Selye, that remarkable Hungarian scientist who chose
to work in Canada.

It is of more than passing interest to observe that while most of our scientific,
medical and other colleagues are convinced that the expression of emotions or grief
or even anger is accompanied by physical manifestations of lacrimation, nasal edema
and so on, there appear to be difficulties in appreciating the fact that the brain may
regulate other physiological functions. Similarly, there is no problem understanding
that anger, frustration, depression and so on can influence the normal physiological
homeostasis of the stomach, especially since this has been described so beautifully in
the work of Wolf and Wolff. These same authors subsequently went on to describe
similar changes in the nose which included not only observations on relative
vascularity, edema, and secretion, but also evidence for the regulation of leukocyte
emigration into nasal secretions as a consequence of emotional change.

We know now that stress can give rise to the formation of ulcers in the
stomach. The more recent observations that ulcers in the stomach are
pathophysiologically associated with colonization by an organism known as
Helicobacter pylori, and that this ulceration may be attenuated or cured by the
elimination of these organisms as a result of antibiotic treatment, raise the intriguing
relationship between stress (the brain), bacteria and the immune system which would,
under other circumstances, be expected to eradicate this infection. Apparently, the
lack of eradication is the eventual cause of ulceration. This is an example of
psychoneuromicroimmunology.

Clearly, the immune system can have input into the nervous system.
Communication by any of a large number of chemicals or mediators made by immune
cells, could be expected to have afferent input to the brain. Effector responses may
be the end result of such interactions, stimulated as a result of antigen-immune cell-
nervous interactions via axon or spinal reflexes. Bidirectional activity between the
immune system and the nervous system may be expected, and in many instances has
been shown to actually occur.

The term integrative physiology has been coined and introduced into the
literature to cover the extraordinarily complex interactions at a tissue level, the net
result of which can be read out as the physiological state at that time. The



interactions between the nervous system, the immune system, the structural tissue cells
as well as the endocrine systems are so complex as to bewilder most investigators.
Nevertheless, it is foolish to consider that it is possible to study single events or single
populations of cells in test tubes and arrive at accurately predictive conclusions as to
how these events will be expresed in situ in tissues, without taking these complex
interactions into account. Psychoneuroimmunology, a term coined by Ader, is not a
discipline, but a descriptive term of the conceptual approach used to begin to explore
the interactions between the nervous and the immune systems. As can be seen quite
readily from the contents of this book, this ranges from psychological experiments such
as those involving Pavlovian conditioning to the description of molecular interactions
between neuropeptides and immune cells and cells of the nervous system. It is
encouraging to see the extent and diversity of the scientific interests and disciplines
being brought to bear in this exciting and rapidly developing field.

John Bienenstock
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PREFACE

Observations indicating the interaction of the neuroendocrine and immune
systems date back to the beginning of this century. There were numerous attempts in
the 1930s and 1940s to study the effect of various hormones on the hemopoietic and
immune systems, which did not yield conclusive results and have long been forgotten.
The interaction of the nervous, endocrine and immune systems is only now being
considered seriously. This field represents a novel, multidisciplinary approach in
Biological Sciences. Even the name of the field has not been settled as yet and there
are debates going on with regards to the proper term. We have adopted
"Psychoneuroimmunology,” which was originally coined by Ader, as a simple term,
which implies the involvement of higher nervous system activity in the regulatory
interactions of the neuroendocrine and the immune systems. The alternative terms
neuroimmunomodulation, neuroendocrinimmunology and immunoendocrinology, etc.,
refer to the same field or to certain areas of the field.

During the past decade or so, there have been approximately a dozen
conferences held in the West covering various aspects of psychoneuroimmunology.
These meetings were hardly accessible to scientists in the East. This was the first
international conference held with the participation of scientists from Eastern Europe.
The conference and this volume pay tribute to scientists of Hungarian descent who
made seminal contributions to the field, i.e. Hans Selye, who was the first to point out
the interaction between the neuroendocrine and immune systems; Andor Szentivanyi,
who demonstrated for the first time that allergic reactions are regulated by the central
nervous system; and Miklos Jancso and coworkers, who discovered neurogenic
inflammation. It is only now that we begin to fully appreciate the significance of these
important discoveries which were made all too early so that they could not be analyzed
and understood by the contemporary scientific community. Modern science is
equipped with powerful research tools which make it feasible to advance quickly in
this complex multidisciplinary field, with the aim of understanding the whole organism,
rather than trying to analyze restricted areas. The developments are spectacular,
indeed, and the new insights gained through studies on psychoneuroimmunology have
already advanced our understanding of certain human diseases, such as autoimmune
disease, inflammatory diseases, nervous and endocrine abnormalities and the influence
of behavioral factors and of aging on the immune response and disease. We sincerely
hope that this volume will contribute to the understanding and acceptance of this
brave new area of modern scientific enquiry.

Istvan Berczi
Judith Szelenyi
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STRESS AND DISEASE: THE CONTRIBUTION OF HANS SELYE TO
PSYCHONEUROIMMUNOLOGY. A PERSONAL REMINISCENCE

Istvan Berczi

Department of Immunology, Faculty of Medicine
University of Manitoba
Winnipeg, Manitoba, R3E 0W3, Canada

When the news came from Montreal in the summer of 1967 that I had been
accepted by Dr. Selye to work in his Institute, I was madly in love with a girl who later
became my wife. So I told her about the legendary Dr. Selye and outlined carefully
that my highest desire was to work with him. After having listened carefully to the
story, she asked me what is going to happen to our marriage plans now? "Well," I
said, "would you like to get married before I go, or after I come back?" The answer
was, without much hesitation, that we should get married before, so we did on
September 3, 1967, and off I went a few weeks later to Montreal. The prospect was
that we would spend an entire year, the duration of my planned stay in Montreal,
separated as the common practice of the Hungarian authorities at the time was not
to allow spouses or family members to follow individuals on study trips or other kinds
of missions to the West.

My journey to Montreal by plane impressed me very much in that I flew across
the ocean and set foot on another continent on the same day. I remembered my
teenage readings about all the troubles, disease and death that Columbus and other
sailors went through during the same trip. At the airport in Montreal one of my
fellow countrymen, Dr. Pal Vegh, was waiting for me and escorted me to my room
nearby the University which was rented by the Institute so that I would have a place
to come to. The next morning after receiving directions from my French Canadian
landlady, whose English was much better than mine, I set out to find the University
on foot, and did so without much trouble. There it was, majestically standing on the
top of a hill, like a cathedral of knowledge and science. As I learned later, not very
far from the University there was indeed, on the hill a Roman Catholic cathedral as
well.

Although I had learned a lot about Dr. Selye and his Institute from my
colleague and good friend, Dr. Lorand Bertok, who was the first to go from Hungary,
being there in person was not short of surprises. On the main corridor there were
dozens of pictures of scientists, most of which I had only heard about by name, but
had no idea what they looked like. My greatest surprise was that there was even a
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portrait of Kossa, who was a professor of my alma mater, and I knew that he
pioneered histochemistry by the development of a staining method for the deposition
of calcium in animal tissues, but I had never seen his portrait before. At the main
entrance, near the elevator, there was the inscription:

"Neither the prestige of your subject, and the power of your instruments, nor the
extent of your learnedness and the precision of your planning, can substitute for the
originality of your approach and the keeness of your observation.”

I had never thought about these problems consciously before, but during my stay in
the Institute, the message became engraved in my mind through numerous discussions
about great discoveries, the history and psychology of science and of personal
characteristics of scientists. In the corridor there was also a world map marked with
little flags of all the countries from which students or visiting scientists came to the
Institute. At my arrival there were students/scientists from Russia (even though this
was at the height of the cold war after the Cuban crisis), from Korea, Japan, Egypt,
Turkey, Italy, Germany, Czechoslovakia, Poland, Argentina, and of course, Canada.
I couldn’t help noticing that whenever Dr. Selye met someone in the corridor,
frequently he spoke to him/her in his/her native language as he was fluent in
Hungarian, German, English, French, and Italian and knew a fair bit of Spanish,
Czech, Russian, and several other languages.

Soon after my arrival, Dr. Selye saw me in his office as he always found the
time to greet in a very personal manner newly arrived students/scientists and visitors
this way. After telling him about my trip we settled my project, which was to do
experiments on calcifilaxis. Then he pointed to a bouquet of snow lillies (adelweiss)
tied with a red, white and green ribbon, which was framed and hung on the wall, and
said: "You see, this symbolizes my heritage and native land, which is Austria/Hungary.
My father was Hungarian and a surgeon in the army and my mother was Austrian.
So, by ancestry, I am neither Hungarian nor Austrian; I am Austro-Hungarian." I
often wondered, why he called my attention to these things right at the beginning.
Perhaps it was because I heard from a number of my colleagues while still at home
that he was Hungarian, but then later on I also came across people who were
convinced that he was Austrian or German. In any case, later on I was fortunate and
privileged to have numerous private conversations with him through which I have
learned a great deal about his personal views, character and attitude towards life in
general. The other thing he pointed out to me in his office was a picture of desperate
people that was hanging above the door of his office, and said, "You see, this is stress."

I was given an office in the Institute shared by Dr. Arpad Somogyi down the
corridor and began the work. First I had to learn about the phenomenon of calcifilaxis
quickly, which was by reading and by attending the daily rounds with Dr. Selye, when
we examined the experimental animals collectively and each investigator had to
present his/her animals, especially if symptoms of interest and/or importance were
noticeable. The round finished in the autopsy room where Dr. Selye, with our
participation, would look at every experimental animal that was terminated on that
day. Again, the investigator had to call attention to pathological changes of possible
importance.

After finishing with the autopsy, plans for new experiments were presented by
the various investigators to Dr. Selye for his approval. Each experiment had to be
justified on theoretical grounds and this frequently led to vivid discussions of scientific
problems, theories and views. Each autopsy session also had a slide puzzle which was
placed under the microscope and was to be viewed by everybody and diagnosed by a
secret vote as to what it was. To my surprise, I noticed that some of the slides were



coded in Hungarian which gave the correct answer. Apparently this strategy worked
very well until some of us who understood the code arrived. One day a chicken
experiment was evaluated and Dr. Selye remarked while looking at the carcasses that
the lymph nodes along the neck were normal. Well, I had to tell him with all due
respect that those nodules, though looking exactly like lymph nodes, were really the
thymus, and that the chicken did not have any real lymph nodes. This came so quickly
in compliance with my character that I hadn’t even considered the possible
consequences of contradicting this world famous great scientist in public, or even
worse, in front of his students and collaborators. Intuitively, I felt that he would
appreciate the information, which came from my training in comparative anatomy, and
would not be insulted or take this as a criticism. This is exactly what happened.
During a similar session weeks later he remarked that we all profit from these
discussions and that he learned from me the other day that the chicken has no lymph
nodes.

Being newly wed and separated and determined to be faithful I went to the
Institute also on weekends. I had a lot to learn about my project so that I could
propose decent plans for experiments and interpret the results, write up the papers,
all of which was required if I was to last for some time in the Institute. To my
surprise and great satisfaction, the Institute had a fantastic library and collection of
reprints and I could hardly ask anything from the librarian, Mr. Krzyzanowsky, which
was not on my desk by the end of the day. This was in sharp contrast with the
situation in Budapest, where I had to travel frequently to the Central Medical Library,
and sometimes wait in line for a particular book or journal for hours, or occasionally
I had to return on another day in order to see the article I wanted. Once I'got to see
the article I was not allowed to take it out of the building, but had to sit down and
very quickly take notes of the salient findings and conclusions. All these problems
were solved by the quick availability of the material and by the use of the Xerox
machine which was a wonder for me in the western world. Among the other wonders,
I was most fascinated by the efficiency of the telephone which allowed one to phone
instantly all over the world. The 15 months I spent in the Institute, not only was one
of the most memorable periods of my life, but it was also very productive.

It didn’t take long for Dr. Selye to find out that I was there every day as he also
was there every day. For his weekdays he worked 12 hours a day (from 6:00 in the
morning until 6:00 in the evening), and during the weekend he took it easy and stayed
from 6:00 in the morning until only 4:00 in the evening or sometimes even until 2:00
in the afternoon. Soon he became a constant visitor to my office during the weekend
for personal chats which was most exciting and memorable and I felt very honoured
and privileged by this relationship. We discussed everything from politics to religion,
history, personal life, even telling jokes. He called my attention to the fact that
contrary to the prevailing opinion in Hungary, Ferenc Deak, who was responsible for
entering into confederation with Austria, was not a traitor, but in fact, a very wise
politician. He said that all I had to do was look around in Budapest and determine
when the House of the Opera and a whole list of other beautiful public buildings were
erected. "You will find," he said, "that much was built around the turn of the century
between 1867 and 1914." I was astonished by this logical argument and asked myself,
why I didn’t think of this before? He also told me how angry he was about the two
world wars, both of which he lived through; the terrible suffering and damage to
Europe and, indeed, to mankind, these wars inflicted, and that one of the reasons why
he escaped to North America was that science and creativity were virtually paralyzed
in pre-Second World War Europe. "The only aristocracy I respect,” he said, "is the
aristocracy of intellect. Politicians,"” he pointed out, "are trying to guide their countries
into the future while thinking in terms of the past, which is based on nationalism."



During our discussions he never missed the opportunity to point out that
science is international and that the only thing which should count is the importance
of the contribution. He had the greatest admiration for Claude Bernard, who was the
first to recognize that the internal environment, which he called "millieu interieur", is
under sophisticated physiological regulation.! Walter Cannon was the other scientist
whom he regarded as his immediate predecessor in terms of thinking.2 He also had
high esteem for Pasteur and Koch and for many of his contemporaries that were
invited to the Institute as "Claude Bernard Professors."

The visit of the Claude Bernard Professors to the Institute was usually for two
days to deliver one or two lectures, participate in rounds, and to withstand the
“roasting party" from members of the Institute, which was a very exciting event. The
party was held at Dr. Selye’s house in the evening to which, in keeping with good
Hungarian customs, all the staff and students were invited. After having something
to eat and one or two drinks to raise our spirits, we sat down around our guest and
asked questions which one would not ask under any other circumstances. Almost
anything was allowed, but the topic usually circled around the human factors that drive
scientists, about the philosophy and psychology of science, the question of originality,
discoveries, and so on. I met Dr. Aurelia Jancso this way and learned about the
discovery of neurogenic inflammation, listened to George Palade, who later on
received the Nobel Prize for his work, and got a chance to have some very interesting
conversations with Dr. Elwin Kabat, who, as I realized later, was one of the founders
of modern immunology. I can only appreciate now the caliber of Claude Bernard
Professors that visited the Institute over the years and the diversity of topics discussed.
These included Sir Macfarlane Burnett, Baruj Benacerraf, and Pierre Grabar, just to
name a few.

These invitations did not only reflect Selye’s ability of judging scientific
accomplishment, but also testified to the flexibility of his mind. Lecturers were
invited, not only from the well established disciplines in medicine, but also from the
area of psychology, as he was always very conscious about looking at the whole
organism in its entire complexity. I will never forget his reaction to the publication
by Christian Barnard of the first heart transplantation in man® He said that
transplantation is not the solution to the problem, but rather, prevention of the disease
is the right approach. He also remarked that transplantation will never be suitable for
the routine treatment of people with heart disease. It will be a treatment only for the
rich, he said, even if all the technical problems are solved, and stated that this
approach may even generate criminal activity. Over the years I have remembered this
many times, admiring how well he saw the problem and how right he was.

No matter what the subject was, he always challenged your imagination and
intellect, therefore touching your emotions. I don’t remember meeting anybody who
was neutral towards him. Some admired him constantly, others were in violent
opposition with almost everything he stood for, and there were a fair number of
people who had a love/hate relationship with him. I have to confess that I have had
my differences and difficulties, and I didn’t always agree with his opinion. As I said
already, I was working on calcifilaxis, and made a lot of effort to catch up with the
literature and to produce meaningful results. But the news of the first heart
transplantation in man shifted his interest back to his old favourite subject which was
experimental cardiopathies. Before long, within a few weeks, the most important
problem became cardiopathies in the Institute and not calcifilaxis and related
phenomena. Somehow he managed to quickly convince most everybody to switch to
this problem, except me. I felt that I should stick to my original problem as I only had
a year to stay, and I planned to do my doctoral work there. My doctoral thesis would
have had to be on a coherent subject and not calcifilaxis and cardiopathy. In the end



he understood my reasons and agreed that I continue with my project for a few more
months, and even asked me to co-author a review article* with him on the subject
which was a great honour.

As I became more and more familiar with Selye’s research interests and
achievements, it became clear to me that his conviction was, in fact, that
neuroendocrine factors play major roles in most, if not all, diseases. I learned from
him, and also from his popular books,>” that the discovery of the stress syndrome was
accidental during his attempts to isolate some hormones from the placenta. For a
while it was thought that the adrenal enlargement and involution of lymphoid organs
was specific for a particular hormone, but attempts to purify it always failed as the
activity was lost. At some point it occurred to Selye that this, in fact, could be a
nonspecific response to nocuous agents, and, indeed, when he performed the control
experiments, that was the case. He published a short note about his findings in Nature
in 1936.1° During the same year a longer article was published by him in the British
Journal of Experimental Pathology,!! where he demonstrated that the involution of the
thymus was in fact mediated by the adrenal gland as it was absent in adrenalectomized
animals if stressed. His experiments in chickens revealed that the Bursa of Fabricius
is also extremely sensitive to steroid hormones."?

A review was published by Selye in 1946, where he already gives a
comprehensive theory of the general adaptation syndrome which is supported by
experimental facts. He also talks about the possibility that diseases of adapation do
exist. He states that, after exposure to stress, initially there is shock, which is followed
by a counter shock phase, and this gradually goes into a stage of resistance. If,
however, the stressor persists, resistance may go into exhaustion and death may ensue.
He points out that specific and nonspecific resistance follow the same course but this
latter "cross resistance" will fall much sooner and stays below normal during the period
of resistance. He also presents data of blood sugar and chlorine changes and points
out that white blood cell counts rise invariably during stress, regardless of the stressor
used. The changes in the adrenal cortex and of thymus involution are also illustrated
histologically. The adrenal cortex becomes wider with loss of lipid granules and the
border between the zona fasciculata and reticularis is no longer distinct. The thymus
shows a depletion of cortical thymocytes. Nuclear debris is evident and pyknotic
thymocyte nuclei are abundant. He notes that this "accidental involution" becomes
most pronounced during the countershock phase when the adrenal cortex reaches its
maximum development. Large macrophages engulf the dead thymus cells and carry
them away through the lymphatics. At the same time he noted that thymic reticulum
reverts to its origianl epithelial type and the cells become roundish or polygonal and
rich in cytoplasm. When involution is most acute the entire organ is distended with
jelly-like edema. He points out that lymph nodes, the spleen and other lymphatic
organs are almost as markedly affected as the thymus, although they do not involute
quite as rapidly and their involution cannot be completely prevented by adrenalectomy.
His summary figure, which is a fairly accurate outline of the acute phase response, as
we recognize it toay,!* is reprinted here (Fig. 1).

Today we know that a variety of insults, including trauma and infection
stimulate the release of chemotactic-, proinflammatory cytokines, and a whole host of
other mediators from a variety of cells in the damaged area that include mast cells,
endothelial cells, platelets. The released mediators attract blood borne leucocytes,
such as neutrophilic granulocytes, monocytes/macrophages, lymphocytes, eosinophils
and basophils that release additional mediators, and thus contribute to the
inflammatory response. In some cases certain cytokines, such as interleukin-1 (IL-1),
tumor necrosis factore (TNF« ) and interleukin-6 (IL-6), become detectable in the
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Figure 1. Functional interrelations during the general adaptation syndrome. Schematized drawing
indicating that non-specific damage causes clinical shock, loss of body weight and nitrogen, gastro-
intestinal ulcers, temporary rise in plasma potassium with fall in plasma Cl, through unknown
pathways (nervous stimulus?, deficiency?, toxic metabolites?) but manifestly not through the
stimulation of the hypophyseoadrenal mechanism. This is proven by the fact that the above
manifestations are not prevented either by hypophysectomy or by adrenalectomy; they even tend to be
more severe in the absence of either or both of these glands.

Non-specific damage, again through unknown pathways, also acts upon the hypophysis and causes it
to increase corticotropic hormone production at the expense of a decreased elaboration of
gonadotropic hormone production at the expense of a decreased elaboration of gonadotropic,
lactogenic and growth hormones. The resulting corticotropic hormone excess causes enlargement of
the adrenal cortex with signs of increased corticoid hormone production. These corticoids in turn
cause changes in the carbohydrate (sugar active corticoids) and electrolyte metabolism (salt-active
corticoids) as well as atrophy of the thymus and the other lymphatic organs. It is probable that the
cardiovascular, renal, blood pressure and arthritic changes are secondary to the disturbances in
electrolyte metabolism since their production and prevention are largely dependent upon the salt
intake. The changes in¥ -globulin, on the other hand, appear to be secondary to the effect of
corticoids upon the thymicrolymphatic apparatus.

We do not know as yet, whether the hypertension is secondary to the nephrosclerosis or whether it is
a direct result of the disturbance in electrolyte metabolism caused by the corticoids. Similarly, it is not
quite clear, as yet, whether corticoids destroy the circulating lymphocytes directly, or whether they
influence the lymphocyte count merely by diminishing lymphocyte formation in the lymphatic organs.
Probably both these mechanisms are operative. (Taken from Ref.13)

blood and function as acute phase hormones. They act on the brain causing fever and
other functional modifications (IL-1, TNFe ), release certain pituitary hormones and
inhibit others (much of which is indicated in the graph above), promote general
catabolism, (mediated primarily by TNFa, also known as cachectin), stimulate the
production of new serum proteins known as acute phase reactants in the liver (the
joint action of IL-6, glucocorticoids and catecholamines), and also elevate the
production of leucoytes in the bone marrow, the mechanism of which is not fully
elucidated.™? (For further reference, please see also the papers by Asa and Kovacs,
Besedovsky and del Rey, Gaillard, and Nagy and Berczi in this volume.) Thus, with
the recent discovery of cytokines and our increasing recognition of their functions, we
have begun to fill in the gaps in Dr. Selye’s adaptation syndrome outlined nearly half
a century ago.



In 1949 Selye discovered that an inflammatory reaction, which can be induced
in the rat by the parenteral administration of egg white, is inhibited by cortisone or by
purified ACTH. On the other hand, desoxycorticosterone acetate, a mineral-corticoid
compound, tends to aggravate the reaction.”” These experiments initiated his interest
in inflammation which became the most lasting topic in his research and led to the
proposition later that diseases, like rheumatoid arthritis, anaphylaxis, etc. are in fact
diseases of adaptation as stated in numerous publications. In his review article in
Science,'® entitled "Stress and disease", he shows a diagram of the stress response with
inflammation clearly in mind (Fig. 2).

Figure 2. Diagram illustrating the principal pathways of the stress response.

A-C: glucocorticoids, also known as antiphlogistic corticoids; ACTH: adrenocorticotrop hormone; P-C:
the mineralocorticoids, also known as prophlogistic corticoids; STH: somatotropic (growth) hormone.
(Taken from Ref.6)

The paragraphs in this article that contain important conclusions and theoretical
considerations are as follows:

"Certain recent experiments suggest that, depending on the conditions, ACTH
may cause a predominant secretion of one or the other type of corticoid. However,
be this as it may, the ‘growth hormone,’ or somatotrophic hormone (STH), of the
Dpituitary increases the inflammatory potential of connective tissue very much as the
prophlogistic corticoids do; hence, it can sensitize the target area to the actions of
the prophlogistic corticoids. . .

"Among the derailments of the general adaptation syndrome that may cause
disease, the following are particularly important: (i) an absolute excess or
deficiency in the amount of adaptive hormones (for example, corticoids, ACTH,
and STH) produced during stress; (ii) an absolute excess or deficiency in the
amount of adaptive hormones retained (or ‘fixed’) by their peripheral target organs
during stress; (iii) a disproportion in the relative secretion (or fixation) during stress
of various antagonistic adaptive hormones (for example, ACTH and antiphlogistic
corticoids, on the one hand, and STH and prophlogistic corticoids, on the other
hand); (iv) the production by stress of metabolic derangements, which abnormally
alter the target organ’s response to adaptive hormones (through the phenomenon
of ‘conditioning’); and (v) finally, we must not forget that, although the hypophysis-
adrenal mechanism plays a prominent role in the general-adaptation syndrome,



other organs that participate in the latter (for exmple, nervous system, liver, and
kidney) may also respond abnormally and become the cause of disease during
adaptation to stress. . .

"Corticoid requirements during stress. During stress, the corticoid requirements
of all mammals are far above normal. After destruction of the adrenals by disease
(as after their surgical removal), the daily dose of corticoids, necessary for the
maintenance of well-being at rest, is comparatively small, but it rises sharply during
stress (for example, cold, intercurrent infections, and hemorrhage), both in
experimental animals and in man. . .

"Anti-inflammatory effects of corticoids. The same antiphlogistic corticoids
(cortisone and cortisol) that were shown to inhibit various types of experimental
inflammations in laboratory animals exert similar effects in a human being
afflicted by inflammatory diseaes (for example, rheumatoid arthritis, rheumatic
fever, and allergic inflammations). . .

"Sensitivity to infection after treatment with antiphlogistic corticoids. In
experimental animals, the suppression of inflammation by antiphlogistic hormones
is frequently accompanied by an increased sensitivity to infection, presumably
because the encapsulation of microbial foci is less effective and perhaps partly also
because serologic defense is diminished. . .

"Psychological and psychiatric effects of corticoid overdosage. It has long been
noted that various steroids - including desoxycorticosterone, cortisone, progesterone,
and many others - can produce in a variety of animal species (even in primates
such as the rhesus monkey) a state of great excitation followed by deep anesthesia.
It has more recently been shown that such steroid anesthesia can also be produced
in man, and, of course, the marked emotional changes (sometimes bordering on
psychosis) that may occur in predisposed individuals during treatment with ACTH,
cortisone, and cortisol are well known. Several laboratories reported furthermore
that the electroshock threshold of experiment] animals and their sensitivity to
anesthetics can be affected by corticoids."

He concludes as follows:

"If I may venture a prediction, I would like to reiterate my opinion that research
on stress will be most fruitful if it is guided by the principle that we must learn to
imitate - and if necessary to correct and complement - the body’s own
autopharmacologic efforts to combat the stress factor in disease.”

The prediction by Selye that the pituitary gland has the capacity to both
stimulate and inhibit inflammatory reactions is the subject of recent investigations and
is proven correct.!”® The notion of prophlogistic steroids has not been studied to a
great extent to date, but the antiinflammatory effect of glucocorticoids is firmly
established and it is clear today that the adrenal gland plays an important physiological
role in the regulation of immune and inflammatory responses.” The disproportion of
hormones and other mediators, altered responsiveness in tissues and the significance
of metabolic derangements during acute phase reactions related to sepsis, severe
trauma and shock are the subject of current investigations and deemed to be highly
relevant to prognosis. The involvement of the central nervous system, the liver and
of other organs, such as the kidney, is also substantiated."* That "conditioning" may
also play a role in host defence is also gaining ground.*® Some hard evidence is
forthcoming regarding the corticoid requirements during infection and other forms of
stress.* The antiinflammatory effect of cortisone and cortisol are well recognized and
are widely applied in medicine today. That corticosteroids increase the sensitivity to



infection is of common knowledge. The phenomenon of stress related anesthesia is
well recognized, but opioid peptides rather than steroid hormones are considered to
be the mediators.

My colleague, Dr. Lorand Bertok, upon his return to Budapest from Selye’s
Institute, brought the news that the study of mast cells was in the focus of interest and
he also brought a copy of the book written by Dr. Selye: The mast cells.?! As it turned
out, the inflammation Dr. Selye induced years earlier in rats by the injection of egg
white was due to the discharge of mast cells. Because of my intentions to go to Dr.
Selye’s laboratory, I studied this book and was struck by the importance of mast cells
in various pathological phenomena. At that time the role of mast cells in immune
mechanisms had not been firmly established. However, a related cell type, the
basophilic leucocyte’s role in immune mechanisms was known already. Selye was
interested in mast cells mainly because they play a major role in inflammation and he
was puzzled by the powerful effects of mediators released by mast cells which could
play a role in various pathological processes, such as inflammation, necrosis,
calcification or thrombohemorrhagic phenomena.*** After my arrival in Montreal,
the name of Professor Jancso and coworkers came up frequently during discussions
because of their discovery that the stimulation of sensory nerves induces
inflammation.?® By 1967 Professor Jancso had passed away so his wife and long time
collaborator, Dr. Aurelia Jancso, was invited to the Institute as a Claude Bernard
Professor. It was most exciting to hear the story of neurogenic inflammation from
someone who participated in its discovery.

Looking at Dr. Selye’s principal areas of research during his scientific career,
which spanned half a century, one may observe that even if they seem to be very
different, all of them were inspired by the profound conviction of Dr. Selye that
neuroendocrine mechanisms play a role in what he called "diseases of adapation."
Once he decided to work on an area, he thoroughly surveyed the literature which was
usually published then in the form of a book. In these books*** a possible role of
neuroendocrine mechanisms in relation to the subject was never neglected, even in the
event of not much information being available. Then he presented related findings
from his own laboratory, which also appeared in numerous publications (his lifetime
output was 1,325 papers). His contributions to modern immunology are major indeed.
He discovered that steroid hormones regulate lymphoid organs such as the thymus,
spleen, lymph nodes and Bursa of Fabricius. He demonstrated that thymic atrophy is
mediated by the ACTH-adrenal axis during stress with glucocorticoids being the final
effector molecules. He also described the antiinflammatory action of adrenal steroid
hormones. He and his coworkers made significant contributions to our understanding
of the role of mast cells in various pathological phenomena. Selye made all these
contributions without knowing the function of the thymus, lymph nodes or the Bursa
of Fabricius. The function of these organs was understood only a few years prior to
my arrival in Montreal. I followed these developments closely because my major
interest has always been immunology.

One of Selye’s major dilemnas was that he was never able to define stress. In
his comprehensive review published in 1946™ he talks about the alarm reaction that
is comprised of shock and counter shock, the recovery phase which leads to resistance
and eventually, if the stress lasts, to breakdown. However, 20 years later when I got
to his laboratory he recognized already that not only damaging, unpleasant or even
dangerous events/agents, but also pleasurable experiences evoke a neuroendocrine
response that involves the ACTH-adrenal axis. As a matter of fact, I think he realized
that the pituitary gland constantly reacts to our internal and external environment,
which enables us to function normally. Therefore, he began to talk about the stress
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of life and divided stress into two subgroups: eustress and distress, the former referring
to pleasurable and the latter referring to unpleasant or dangerous impulses.®**
Another difficulty was the realization that there is great variance in individual
reactivity towards stressors and that the same stimulus which could be pleasurable to
one individual may be very stressful to another. I remember him talking about the
frustrated businessman who was forced to take a holiday by his family while he had
so much to do. Perhaps this is why he showed me the picture of desperate people
above the door in his office because that was the best definition he could provide.
Looking at a picture we all formulate an idea of what it could mean though we are not
absolutely certain, and it is likely that each person who looks at it will have somewhat
different impressions.

The prediction by Dr. Selye of the pluricausal nature of most diseases is really
the recognition that living organisms have evolved multiple mechanisms to defend
themselves against harmful agents. For this reason, in most cases, it is necessary to
interfere with these defense mechanisms at more than one point to cause disease. The
redundancy of immune effector mechanisms'’ or the recent recognition that it is
necessary to deregulate more than one gene to cause cancer,® certainly supports this
view. In his last years he turned his attention to the protective power of certain
hormones against various toxins and other noxious stimuli and created the term
"catatoxic steroids"?> for those hormones that have protective effect. A book of two
volumes entitled "Hormones and Resistance' has also been published by him on the
same topic. That hormones are important in immunological and other forms of
resistance is the subject of current scientific inquiry.!#"!8

Selye faced many criticisms and by the time I came to his laboratory he had
been highly regarded only by psychologists, whereas most scientists in other disciplines
had ignored his ideas. It was widely held that his experiments were highly artificial
and hence not relevant to pathophysiological processes that occur in real life. It was
also a problem that stress was not and could not be defined. In most disciplines
scientists were busy working to discover and characterize basic interactions like the
interaction of antigen presenting cells, T cells and B lymphocytes within the immune
system, and were not concerned about stress. Another difficulty was that neither the
basic knowledge nor the tools necessary to study and understand further the stress
problem were available. Clearly, one could not possibly study the effect of interleukin-
1 and of other cytokines on the release of pituitary hormones before these mediators
were discovered.

He knew about this criticism already in 1955 and refers to it in his article in
Science® as follows:

"Pasteur, Koch, and their contemporaries introduced the concept of specificity into
medicine, a concept that has proved to be of the greatest heuristic value up to the
present time. Each individual, well-defined disease, they held, has its own specific
cause. It has been claimed by many that Pasteur failed to recognize the
importance of the ‘terrain,’ because he was too preoccupied with the pathogen
(microorganism) itself. His work on induced immunity shows that this is incorrect.
Indeed, at the end of his life he allegedly said, ‘Le microbe n’est rien, le terrain est
tout.”"

Only a scientist with very strong convictions of being right would maintain his
position in the face of such mounting criticisms and he did so. Moreover, he dedicated
his entire scientific career to furnishing more and more proof for the importance of
neuroendocrine mechanisms in the development of disease. After his forced

11



retirement at the age of 70 he organized the International Institute of Stress and
remained active in promoting his cause.

Selye did not only present his findings in scientific journals, but also wrote
popular books about the process of scientific research, about stress and related
subjects.>® These books have been translated into many languages. Of his popular
books I was most impressed by the one having the title: "In vivo." This is a collection
of lectures dealing with his philosophy of the scientific process, with the human factors
involved, and giving advice to scientists with regards to what is important and what is
not so important. On the first page there is a quotation from Albert Szent-Gyorgyi:

"In studying life, you keep diving from higher levels to lower ones until somewhere
along the way life fades out, leaving you empty handed. Molecules and electrons
have no life."

The main message of the book is that one always should try to view the entire
organism in its complexity and not to get lost with tiny little details without even
considering how it relates to the whole organism. He considers that although intellect
is important in science, instinct is indispensable as well. He classifies scientists into
problem finders and problem solvers as follows:

"In problem finding, the principal requirement is inspiration, perhaps with a certain
amount of opportunism, a tendency to follow the line of least resistance rather
than the steadfast pursuit of what we set out to find. On the other hand, problem
solving is based on careful planning and persistence on a steady course until the
aim is reached. It requires patience and the courage to resist all temptations to
start on something new in the hope of quick returns. Here perspiration is often
more effective than inspiration. Yet, even in problem solving, it is rarely possible
to be guided merely by the laws of logic."

The roles of logic, intellect and of hypotheses in science are summarized by him as
cited below:

"No matter how distasteful this may be to many scientists, we must accept the fact
that intellect is not always the safest approach to exploration and the acquisition
of knowledge. The homing pigeon’s ‘knowledge’ of geography, the bat’s
‘understanding’ of radar are very effective though not intellectual; it is not through
the logical rules of grammar that a child learns his native tongue. . .

"Even the construction of hypotheses is much less dependent upon logical
reasoning than most people think. No hypothesis can be arrived at by logical
reasoning alone since it must be based on insufficient evidence, or else it is not a
hypothesis at all but a factual conclusion. Indeed, the more a lack of facts forces
a hypothesis to depend upon imagination, the more ingenious it is."

The importance of originality is illustrated through the example of Mendel who
had no laboratory and, as a matter of fact, was not even a scientist, yet he discovered
the basic laws of genetics. Then he describes the discovery of penicillin, which is
attributed to Fleming. He points out that the phenomenon described by him had, in
fact, been described repeatedly before, namely that bacterial colonies will not grow
around colonies of mold on solid agar containing medium. He speculates that there
could have been a lot more people who saw the phenomenon but did not publish it
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as it indicates sloppiness in work. Normally, he remarks, mold is not supposed to grow
in bacterial cultures. The importance of Fleming’s discovery was fully realized after
Florey and Chain demonstrated its practical value. Indeed, he says, it may be asked
whether even Fleming himself fully appreciated all the potentialities of what he had
found since he abandoned this field for many years in favour of less important
investigations.

Discovery, he states, is the realization that something new exists. This
necessarily means that the finding is of something unpredictable, but discovery does
not necessarily imply importance. To be important the discovery must not only be
unexpected, but also generalizable, i.e. applicable to many situations. Only this gives
it real scope. In contrast, development is the further exploration of an already
discovered fact. Because discoveries cannot be planned, intuition and "peripheral
vision" play the most important role in this process.

In defence of in vivo research he remarks:

"It would hardly have been possible to discover anaphylaxis, yellow fever, and the
phenomenon of homograft rejection by the use of electron microscope or of cell
chemistry. . .

"You could never learn what a mouse is like by carefully examining each of its cells
separately under the electron microscope any more than you could appreciate the
beauty of a cathedral through the chemical analysis of each stone that went into
its construction."

While he acknowledges that specialization is unavoidable in research, he emphasizes
a need for "general practitioners" of science:

"Nowadays, you rarely meet a mature scientist who has retained at least the recent
medical graduate’s general knowledge of, say histology, physiology, biochemistry,
pharmacology, clinical medicine and surgery. Most of them try to specialize and
become experts in one field. This is undoubtedly the sound attitude for the vast
majority whose primary interest is the solution of well-defined problems. But we
shall always need at least a few general practitioners of medical research, men
whose minds are open to the many things that come their way. We shall depend
upon them in research just as we shall always require general practitioners of
clinical medicine who can look at the patient as a whole and at least determine
to which kind of specialist he ought to be sent.”

While I was at the Institute of Experimental Medicine and Surgery, one of my
colleagues, Dr. Cirpilli, who came from Turkey, remarked that Dr. Selye could have
become equally as well a writer, a linguist, a philosopher, or a politician. Indeed, he
was not only much ahead of his time in science, but also with regards to his views on
politics and society. His efforts to popularize science and teach important general
principles to his young colleagues was just as important as his scientific activity.

If you ask me what did I learn from him, the answer is very simple: a lot. I
became convinced by his work that the immune system is under neuroendocrine
regulation and never gave up my intentions to do research in this field, despite the
funding difficulties which sometimes seemed insurmountable. I never forgot Selye’s
teaching about originality and that one must keep an open mind and adjust the
theories to the facts found and not the other way around. Ever since we started to
work on the role of the pituitary gland in immune function with my dear colleague, Dr.
Eva Nagy, we trusted in vivo research and it was not disturbing for us that for years
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we were unable to demonstrate a repoducible effect of prolactin or growth hormone
on in vitro immune reactions. We always reasoned that mother nature is more reliable
than our primitive in vitro experiments and that if it does not work in the bottle, there
must be some important detail that we don’t know and this is why we cannot do it.
Erythropoietin and some of the colony stimulating factors that regulate bone marrow
function have already been produced by recombinant DNA technology, which could
be considered as a triumph of in vitro research.’’ However, the role of pituitary
hormones in hemopoiesis has never been uncovered by these experiments. In contrast,
one can find good indication for such a role in the old literature® and we saw it very
clearly in our in vivo experiments.” So again the in vitro experiments, although highly
sophisticated and successful, did not give a complete picture and it was necessary to
investigate hemopoiesis in vivo in the complexity of the organism in order to uncover
further aspects of the regulatory network involved in bone marrow function.

Through my endeavours I have learnt over the years that there is much truth
in the old literature. Many consider old papers to be useless and irrelevant, yet with
proper insight one can gain a lot of information and even confidence from the results
of early investigators. Consequently I cannot help but be fascinated and puzzled by
the foresight and wisdom of those scientists who, with primitive methodology and with
enormous gaps in knowledge, predicted biological laws which got forgotten only to be
rediscovered later again. Hans Selye was one of these geniuses. He saw very clearly
what his contemporaries were unable to see. It is only now that we are beginning to
understand what he was really talking about. Indeed, I realized myself that I have
evolved over the years to appreciate more and more of what he was saying, which
deepened my admiration towards him. I feel very fortunate and privileged to have
been associated with him.
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HISTAMINE, CAPSAICIN AND NEUROGENIC INFLAMMATION. A
HISTORICAL NOTE ON THE CONTRIBUTION OF MIKLOS (NICHOLAS)
JANCSO (1903-1963) TO SENSORY PHARMACOLOGY

Gaébor Jancsé

Department of Physiology, Albert Szent-Gyorgyi Medical University
Dém tér 10.,H-6720 Szeged, Hungary

Miklés (Nicholas) "Jancsé was undoubtedly the greatest genius of post World
War II Hungarian biomedical sciences," noted Professor Szentdgothai in his
introductory remarks to a symposium on "Capsaicin and the sensory system" held in
Budapest in 1985.' It is not possible to give here even a superficial account of N.
Jancsd’s scientific achievements. Instead, the intention of the present author is to
draw attention to some interesting aspects of his investigations and to show that,
despite the apparent diversity of the fields of medical research in which he was
involved, his work is characterized by a remarkable unbroken thematic continuity.
This is also emphasized in the excellent book by Professor B. Issekutz senior, >in which
he wrote about the life and work of Jancsé and his father, N. Jancsé senior, who was
a renowned malaria researcher and Director of the Department of Internal Medicine
at the Kolozsvdr (now Cluj, Rumania) and later on at Szeged University. Professor
Issekutz was himself an outstanding pharmacologist, who headed the Pharmacology
Department at Szeged and later at Budapest University. He greatly appreciated the
brilliance of his young colleague and supported him in his career in many ways. He
established a chemotherapy division for Jancsd in the Pharmacology Department at
Szeged University after he had completed a successful Fellowship at the Robert Koch
Institute in Berlin in 1931. In the pre-war period of his scientific career, Jancsé made
a significant contribution to the understanding of the mechanisms involved in the
action of chemotherapeutic agents, as will be mentioned briefly in this article.
However, there is little doubt that it is the discovery of the selective effect of capsaicin
on sensory neurones for which he is mostly renowned today. In this short historical
note, therefore, particular emphasis is given to his studies which led to the recognition
of the unique pharmacological actions of capsaicin-type compounds and the
mechanisms of neurogenic inflammatory responses.

In his early research, Jancsé was engaged in investigations into the mechanism
of action of chemotherapeutic agents. He was the first to succeed in the development
of a histochemical technique suitable for the demonstration of the tissue distribution
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of arsenobenzene .compounds, including Salvarsan.® During his stay at the Robert
Koch Institute in Berlin in 1930/31, he studied the action of trypanocide agents and
made several important observations. He provided direct evidence in support of
Ehrlich’s suggestion that chemotherapeutic agents exert their effects via direct action
on the microorganisms.  Indeed, by means of fluorescence microscopy, he
demonstrated the presence of acridine compounds within the trypanosomes isolated
from the blood of infected mice. Furthermore, he showed that the trypanosomes
resistant to acridine compounds failed to fluoresce. Hence, he concluded that the
failure of the dye to accumulate in resistant trypanosomes is the cause of the
resistance against these trypanocide agents. *

These studies led to the discovery of a group of new trypanocide drugs, the
guanidines. ° As pointed out by Gaddum, ° this was one of the most interesting
discoveries in chemotherapy. It was based on reasoning relating to the presumed
mechanism of action of trypanocide drugs. Many studies have shown that the survival
of trypanosomes outside the body is dependent on an adequate supply of glucose. It
was therefore clear that any drug which deprived the trypanosomes of glucose, or
which prevented them from using glucose, would be effective against them. In 1934,
Jancs6 came to the conclusion that germanin actually acted this way’. He therefore
decided to try synthalin, because this causes a fall in blood sugar through its action on
the liver and might be expected to deprive the trypanosomes of their main nutrient.
Hence, the effect of synthalin on mice infected with trypanosomes was examined. The
experiments were successful, and Jancsé claimed that this was the first discovery of a
compound with chemotherapeutic activity through theoretical reasoning rather than
by pure accident. He also pointed out that this was impressive evidence of the
importance of investigation of the mode of action of drugs.® It was later shown that
synthalin exerts direct action on the trypanosomes (hypoglycaemia on its own had little
effect on them), and a number of similar compounds were synthesized, some of which
were very effective against trypanosomes and other microbes. ®

In the course of these experiments, Jancsé became interested in the role of the
reticulo-endothelial  system in the defence mechanisms of the body. He devised a new
method involving systemic injection of electrocolloidal copper, which allowed a
selective destruction of the cells of the reticulo-endothelial system, and in particular
the Kupffer cells of the liver. This approach offered a possibility to estimate the
contribution of the reticulo-endothelial system to the defence mechanisms of the
organism and its role in chemotherapeutic action.® In the next twenty years or so, he
continued his studies on the function of the reticulo-endothelial system. The results
of these studies were summarized in a monograph '°which contained mostly previously
unpublished work. In the space available here, it is not possible to give even a
superficial account of the work contained in this book. It includes the results of the
early experiments on the effects of capsaicin, since these originated from studies on
the effects of histamine on the function of the reticulo-endothelial system and on the
vascular epithelium.

Studies on the reticulo-endothelial system led Jancsé to observations of the
effects of histamine on the functions of the reticulo-endothelial cells and of vascular
endothelial cells. In a paper published in Nature in 1947, he suggested that histamine
is a physiological activator of the reticulo-endothelial system, and furnished convincing
evidence for this. He showed that Kupffer cells of the isolated perfused rat liver
phagocytose colloidal particles. If the perfusion fluid contained an antihistamine,
phagocytosis by Kuppfer cells was inhibited. Similarly, the Kupffer cell function was
strongly inhibited by previous in vivo histamine desensitization. The phagocytosing
capacity was restored if histamine was added to the perfusion fluid."

In the same paper he reported that painting the skin of rats, mice and guinea
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pigs with an alcoholic solution of histamine after a previous intravenous injection of
a solution of Indian ink resulted in a black coloration of the affected skin area. In
suitable histological preparations, it could be shown that the small blood vessels
exhibit a characteristic labelling with carbon. This phenomenon is known as
angiopexis. This could be prevented by antihistamines and also by histamine
desensitization. '

Jancsé became particularly interested in the mechanism of the phenomenon of
angiopexis, also known as vascular labelling. He showed that the histamine-induced
accumulation of colloidal particles within the vascular wall can be inhibited by
repeated local administrations of histamine of increasing concentrations, i.e.,by local
histamine desensitization. These findings therefore demonstrated that it is possible
to achieve a significant localized change in the sensitivity towards the effects of
histamine by repeated applications of the compound in increasing concentrations.

It seems that these studies on the effects of histamine played a crucial role in the
discovery of the unique effects of capsaicin on sensory neurones. In further
experiments he found that histamine is not the only stimulus which is able to produce
the characteristic histological picture of vascular labelling. A number of irritants
proved to be effective, including capsaicin, which is the pungent principle of red
peppers. Thus, it was shown that the application of certain irritants, such as capsaicin,
xylene or mustard oil, onto the skin produces the characteristic histological picture of
angiopexis or vascular labelling. > The small blood vessels, and predominantly the
venules, showed up clearly as a consequence of the presence of colloidal silver in their
walls. This histological picture corresponds to that seen after topical histamine
application. Therefore, Jancsé at first thought that the effect of capsaicin may be
accounted for by a release of histamine. This assumption was reasonable, since
desensitization to histamine inhibited the effect of several irritants in causing vascular
labelling. Through a continuation of the reasoning in this line, the next step was
logical; at least it seems especially obvious in retrospect. It was argued that, if it is
possible to produce desensitization towards the effects of histamine by repeated
administrations of histamine, it might be possible to achieve a similar desensitization
towards the effects of capsaicin, provided it is administered to the animal repeatedly.
The experiments initiated on this basis led to the discovery of the unique phenomenon
of capsaicin desensitization and offered a new approach to the study of nociceptive
and inflammatory responses.

The experiments with capsaicin began in the late thirties or early forties. The
first results on the effects of capsaicin on the functions of the sensory nervous system
were communicated by Jancsé and Aurelia Jancsé-Gdbor to the Hungarian
Physiological Society at the annual meeting in 1949. In this first report, the actions
of capsaicin on sensory nerve endings are already clearly described. It was shown that,
after repeated local or systemic administrations of capsaicin, rats, mice and guinea pigs
become insensitive to the sensory irritant actions of capsaicin. It was pointed out in
this early report that capsaicin interferes selectively with the functions of specific "pain
receptors". The functions of receptors sensitive to innocuous and noxious mechanical
stimuli were unaffected. The condition brought about by repeated injections of
capsaicin and characterized by a selective insensitivity to chemogenic pain was termed
capsaicin desensitization. The next reports on capsaicin appared only ten years later.
These described the effects of capsaicin on chemosensitive pain receptors and on
hypothalamic warmth receptors. '*'°

To illustrate the selective effects of capsaicin on chemosensitive pain receptors,
it seems appropriate to recall a few sentences from Jancsé’s paper published in the
Bulletin of the Millard Filmore Hospital in 1960.
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days, and not merely after 24 hours.

These findings clearly indicated the existence of a specific form of inflammation
which depends on a structurally and functionally intact sensory innervation. Direct
evidence of the involvement of sensory nerves in neurogenic inflammatory responses
was provided by experiments which showed that antidromic electrical stimulation of
sensory nerves resulted in a characteristic inflammatory response. It emerged that
stimulation at C-fibre strength is necessary to obtain an inflammatory response. This
response could be conveniently demonstrated and measured by using a quantitative
Evans blue technique introduced by Jancsé. '*

Neurogenic inflammatory responses could also be demonstrated in man. This
was shown first in a self-experiment performed by Jancsé on his facial skin.'” The
freshly shaved facial skin was painted repeatedly with a 0.5% solution of capsaicin and
the skin temperature was recorded from both the treated and the untreated cheeks.
Initially there was a significant difference between the temperatures of the two cheeks.
The temperature of the treated skin considerably exceeded that of the control skin
area. Applications were accompanied by marked hyperaemia and a burning pain.
After repeated applications of capsaicin, however, the temperature difference between
the two cheeks gradually decreased, as did the pain and hyperaemia; the skin became
desensitized towards the actions of capsaicin. These findings demonstrated the
existence of neurogenic inflammation in the human skin, and the involvement of
capsaicin-sensitive nerves in that reaction. Subsequent studies established that the
flare component of the triple response of the skin is mediated by capsaicin-sensitive
nerves, since it can not be elicited in a capsaicin-treated skin area. '*

Studies aimed at an understanding of the mechanisms of neurogenic
inflammatory responses revealed that in the animal skin a neurogenic inflammatory
response can invariably be elicited in a skin area treated with a local anesthetic. In
the human skin, the flare component of the triple response cannot be evoked under
local anesthesia, although a local response can be clearly observed at the site of
contact with the irritant. On the basis of investigations on human and animal skin, the
hypothesis was put forward that sensory nerve endings contain a vasoactive
"neurohumor" which, upon release from these nerve terminals, causes vasodilatation
and plasma extravasation. Release of this neurohumor can be elicited in two different
ways: by antidromic stimulation of sensory nerves, and by orthodromic direct
stimulation of pain receptors with irritants. The discharge of this substance cannot be
inhibited with atropine, physostigmine, hexamethonium, phentolamine, antihistamines
(H, antagonists) or serotonin antagonists. Desensitization with capsaicin, however,
prevents the release of this mediator. Therefore, Jancsé introduced the term sensory
neurone blocking agent "to denote this unique pharmacological character of capsaicin.
Desensitization to the effects of capsaicin was explained by a (temporary) depletion
of this neurohumor from these sensory nerve endings. He emphasized that these
particular afferent fibres possess a dual function: they are involved in the transmission
of nociceptive impulses towards the central nervous system; and through the release
of a vasoactive neurohumor from their peripheral endings, they are involved in the
mechanisms of antidromic vasodilatation and neurogenic plasma extravasation. This
hypothesis offered by Jancsé ' to explain the mechanisms involved in the processes
served by capsaicin-sensitive neurones has needed little if any revision in the light of
the experimental data subsequently obtained. The neurohumors released from these
sensory nerve endings have now been identified and the morphological, neurochemical
and functional traits of capsaicin-sensitive neurones are largely characterized. ****

It was not my aim here to give an update concerning the field to which Miklds
Jancsé made a pioneering contribution. Rather, I intended to give a short historical
account of his achievements relating to the study of the mechanisms of pain sensation
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and neurogenic inflammatory responses, and to the discovery of the unique
pharmacological actions of capsaicin-type compounds. In the past decade, the
potential of capsaicin as a highly selective neurotoxin has been greatly exploited and
we are now facing a complicated system of capsaicin-sensitive neurones of diverse
morphological and functional character. Jancsé’s original findings had a significant
influence on this work and he may be regarded as a founder of a new field, sensory
pharmacology.
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NEURAL REGULATION OF ALLERGY AND ASTHMA. THE DISCOVERIES AND
SEMINAL CONTRIBUTIONS OF ANDOR SZENTIVANYI

Istvan Berczi
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Winnipeg, Manitoba R3E 0W3, Canada

The aspirations of natural sciences are to discover and understand the laws of
Mother Nature with the final goal of diminishing human suffering and maintaining
human activity in harmony with our environment. The presentation of facts pertinent
to establishing natural laws is the overwhelming consideration in the literature of
natural sciences and the human and social factors seldom get presented even though
they play a major role in the evolution of science. I often wonder what it was like to
state for the first time that the earth is not the center of the universe, or that God did
not create man, but human beings are the result of a process of evolution from simple
organisms to more complicated ones, or to uncover that diseases may be caused by
invisible microorganisms, just to mention a few of the major advances in natural
sciences. Perhaps one can rephrase this question. How many people recognized that
the earth is moving but were afraid to say so either because they did not trust their
own judgement or, perhaps, because they were afraid of punishment for heretic
thinking. In the Middle Ages, heretic thinking was punishable by death so it took an
extreme amount of courage on the part of Galilei to publicize his discovery. Why did
he do it? One can only resort to guesses to outline his reasons. First of all, he must
have been absolutely convinced that the evidence that he found was sufficient to prove
his point. Second, he must have trusted his judgement and was not discouraged from
publicizing his conclusion by the possibility that no one would agree with him. He
must have felt very strongly that it was so important to convince his fellow citizens of
his discovery that he disregarded all the possible consequences, including severe
personal punishment. Therefore, one may conclude that the true hallmark of a genius
is to be able to discover new facts by keen observation and powerful reasoning and to
have the confidence and courage to publicize the discovery. Although in modern times
the presentations of true discoveries do not carry the risk of capital punishment, they
may be dismissed by the scientific community for lengthy periods of time and thus
deny recognition from the scientist, perhaps for a lifetime, which may have dreadful
consequences to the individual. However, it is inevitable that ultimately the discovery
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will be supported by irrefutable evidence and generally appreciated by the scientific
community.

We are fortunate enough to present a personal account by Andor Szentivanyi
of his discovery that immune reactions are regulated by the nervous system and to
learn some of the historical facts and human factors that shaped his career throughout
the years. The story begins in 1951 when he was a resident and was called to a patient
having a severe asthmatic attack. He observed to his great disappointment that
treatment with adrenalin was ineffective to alleviate the attack and he was not able
to save the life of this individual. Did other people experience this phenomenon
before? The answer is a definite "yes" as he found out from his professor the next day.

Did anybody else wonder why should it be that some patients react very well
to treatment with adrenalin which could be lifesaving, whereas some do not? Perhaps,
but these individuals either did not see beyond the problem or, even if they recognized
that there might be a difference in the neural regulation of asthma in these
individuals, they lacked the talent, ambition, and/or courage to try to solve the
problem. In contrast, Andor Szentivanyi, after seeing at the bedside that this is a
matter of life or death, made this problem the dominant project of his scientific
enquiry, which still continues today.

Ingeniously Szentivanyi decided to use anaphylactic shock in the guinea pig as
an animal model, which was known at that time to be due to systemic antigen-antibody
reactions. This knowledge and the fact that serum antibodies are able to agglutinate
antigenic particles (red blood cells, bacteria, etc.) or to precipitate soluble antigen sum
up the basic knowledge of immunology of the time. Antibodies were presumed to be
produced by the "reticuloendothelial system" and not by lymphocytes; the function of
the spleen and of lymph nodes was presumed to be filtering of lymph and blood, and
the thymus was regarded as a peculiar organ with lymphoid morphology and no known
function. It was not recognized as yet that in addition to antibody mediated (humoral)
immunity, other immune reactions are executed by thymus derived (T) lymphocytes
(cell mediated immunity). Immune reactions were regarded as normal if they provided
the host with protection (prophylaxis) and abnormal if the result was harmful
(anaphylaxis) rather than protective. It was also known that some animals/patients
were unable to respond to immunization, and thus they were categorized as "anergic",
whereas those responding normally were "euergic", and the ones exhibiting deleterious
reactions were considered "allergic". That some forms of hypersensitivies are mediated
by a special subclass of antibodies (IgE), which are fixed to the surface of tissue mast
cells and of basophils in the blood, was beyond consideration as was that other forms
of hypersenstivity reactions are mediated by T lymphocytes or by immune complexes.
To put this in a little more perspective, imagine that the morphological interaction of
nerve fibers with tissue mast cells was found in 1951 (and probably was). Today this
is considered to be a major evidence for neuroendocrine-immune interaction, whereas
at that time this information was uninterpretable.

One can only understand the ingenuity of Szentivanyi after considering how
little was known about immune reactions, asthma at the time and that the possible
interaction of the nervous system with the immune system was beyond consideration
as the latter hadn’t even been defined. He had to design his experiments on the basis
of scattered and confused knowledge and of suspicions and gut feelings. Clearly, it
took special talent, unique insights, powerful reasoning and unusual courage to go
ahead and try to solve the problem that he had identified at the bedside. What he
found is truly remarkable: major discoveries that laid down the foundation to
understanding how the immune system with all its powers of destruction functions in
homeostasis and harmony of the organism. These discoveries pave the road to the
clarification of pathophysiological pathways that are the basis of diseases that are due
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to the malfunction of the immune system. Most of these diseases are ill understood
and poorly controllable today.

Once the problem had been identified it did not take long for the young
Szentivanyi to get into action. He quickly learned the technique of inducing brain
lesions in animals with great precision and within 6 months of observing the patient
with adrenalin resistance he knew already that brain lesions inhibit the anaphylactic
reaction in guinea pigs. The first report on these findings appeared under the title
"Anaphylaxis and nervous system" in Acta Medica Hungarica in 1952.' This was
followed by publications on the subject in German and also in English journals. The
salient findings of these investigations may be summarized as follows: (i) Tuberal
lesions (TBL) of the hypothalamus in preimmunized guinea pigs and rabbits inhibited
the anaphylactic reaction elicited by intravenous application of the specific antigen.
(ii) Antibody production was also inhibited if the lesions were induced prior to
immunization. (iii) The reaction of antibodies with the specific antigen was not
affected by TBL. (iv) TBL had no effect on the liberation of tissue material mediating
anaphylaxis. (v) TBL increased the resistance of the animals to biologically active
substances such as histamine, which was a temporary effect. (vi) TBL inhibited the
anaphylactic reaction even when the animals were provided with passively transferred
antibody which elicited lethal shock in normal animals after systemic challenge with
the antigen. (vii) The Schultz-Dale test, which was performed with small pieces of
intestine of the animals in vitro, was also inhibited if the donors were subjected to
TBL. (viii) The Arthus reaction, turpentine induced inflammation and the Sanarelli-
Schwartzmann phenomenon were uneffected by TBL. (ix) Lesions inflicted in other
areas of the hypothalamus or the central nervous system had no influence on any of
the above listed parameters. (x) Instead of inflicting lesions, electrical stimulation of
the mamillary region of the hypothalamus had an inhibitory effect on the anaphylactic
response and increased the resistance of animals to histamine.?®

These findings attest that the following discoveries have been made: (a) The
central nervous system (CNS) has a significant influence on immune reactions as
measured by antibody formation. (b) Immediate hypersensitivity reactions (which are
now known to be elicited by IgE antibodies fixed to tissue mast cells or basophils, and
were measured by Szentivanyi using anaphylaxis and the Schultz-Dale test) are
regulated by the CNS to a large extent, whereas other inflammatory responses due to
immune complexes (Arthus reaction) to sensitized T lymphocytes (turpentine
sensitivity) or to a thrombohemorrhagic reaction (Sanarelli-Schwartzmann
phenomenon) are not readily influenced by brain lesions. (c) The reaction to
histamine (a major mediator of immediate type hypersensitivity reactions) is also
altered by TBL. These are major discoveries, indeed, done with remarkable
experimental planning, and keen observations while contemporary confusion and
misconceptions prevailed about the immune system and of immunologically mediated
conditions.

More discoveries were to follow. Szentivanyi and coworkers showed that in
mice the hyperglycemia which could be induced by histamine or serotonin
administration was mediated by adrenalin-stimulated hydrocortisone release from the
adrenal gland. The observation that histamine or serotonin treatment failed to
increase blood sugar in pertussis-sensitized mice was interpreted as a failure of
adrenalin action. This was confirmed by the treatment of these animals with adrenalin
which was ineffective. A resistant state to the action of histamine and serotonin
similar to those of pertussis-sensitized animals, could be induced by the treatment of
mice with drugs capable of blocking B -adrenergic receptors. Pertussis-sensitized mice
showed an increased incorporation of radioactive glucose into tissues and a
hypersensitivity to histamine and serotonin.%’” It was also shown that the treatment of
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various strains of mice and guinea pigs by B -adrenergic blocking agents sensitized the
animals to anaphylaxis or to its pharmacological mediators (histamine). A significant
strain difference has also been observed in this respect and in some experiments an
additive blockage of B - or simultaneous stimulation of & -adrenergic receptors could
break the strain resistance to anaphylactic sensitization. Hyperglycemia and treatment
with aminophylline also counteracted the histamine-sensitizing effect of f -adrenergic
blockage in mice.®

The discoveries coming from these experiments are as follows: (a)
Immunization has a significant metabolic effect as measured by serum glucose levels
and incorporation into tissues. (b) Both the nervous and endocrine systems are
involved (i.e. adrenalin and glucocorticoids) in the induction of these metabolic
changes. (c) The function of  -adrenergic receptors is altered as the consequence of
immunization which leads to increased sensitivity to inflammatory mediators such as
histamine and serotonin. That immunization could alter metabolism or significantly
affect neural transmission was unheard of at the time.

By 1968 Szentivanyi had synthesized the implications of all his findings with
those of others which was presented in the Journal of Allergy under the title: "The f -
adrenergic theory of the atopic abnormality in bronchial asthma."” In this article he
argues that bronchial asthma, whether it is due to "extrinsic" or "intrinsic" causes, is
ultimately elicited by the same mediators such as histmaine, serotonin, acetylcholine,
slow reacting substances and plasma kinins. Catecholamines are also released during
asthmatic reactions and thus could be considered as an additional group of mediators.
He states that in many tissues and in most species the catecholamines are natural
antagonists of the inflammatory mediators. He postulates that the atopic abnormality
in asthma is due to the abnormal functioning of the B -adrenergic system irrespective
of what the triggering event may be (Figure 1). He explains as follows:

"The B -adrenergic theory regards asthma not as an ‘immunological disease’ but as
a unique pattern of bronchial hypersensitivity to a broad spectrum of
immunological, psychic, infectious, chemical, and physical stimuli. This view gives
to the antigen-antibody interaction the same role as that of a broad category of
nonspecific stimuli which function only to trigger the same defective homeostatic
mechanism in the various specialized cells of bronchial tissue."

Figure 1. Schematic representation of the biochemical pharmacology of adrenergic action. (Reprinted
from Ref. 9.)
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Szentivanyi uses powerful arguments derived from his own experiments and
those of others in a logical and compelling manner to support his thesis, as follows:
(i) asthmatic persons show a remarkable bronchial hypersensitivity to the mediators
of antigen-antibody responses even when the patients are completely asymptomatic;
(ii) the pharmacological blockage of f -adrenergic receptors is capable of inducing a
hypersenstivity to histamine, serotonin, acetylcholine, bradykinin, and slow reacting
substance regardless of whether or not these substances are of endogenous or
exogenous origin; (iii) B -adrenergic blockage increases bronchial reactivity to inhaled
allergens in patients with seasonal allergic rhinitis without a previous history of asthma
and increased airway resistance is also present in normal subjects up to 30 minutes
after drug administration; (iv)e -adrenergic blockage ameliorates asthmatic attacks and
reduces bronchial hypersensitivity; (v) bacterial products are capable of eliciting
changes similar to the pharmacological blockage of receptors; (vi) abnormal immune
responses leading to the excessive production of mast cell sensitizing antibody may
have a pathogenic role; (vii) epinephrine has an antiproliferative effect mediated by
the B receptor and receptor dysfunction could conceivably produce enhanced
lymphoproliferation; and (viii) B blockers can lead to a selective hyperplasia of
lymphoid tissues and may function as immunological adjuvants.

The role of infectious agents in the induction of asthma is discussed at length
with endotoxin given special consideration. Endotoxins are potent releasers of amine
mediators, sensitizers of adrenergic target cells, and condition animals for pathological
lesions such as hemorrhagic necrosis (Sanarelli-Schwartzmann reaction) at the site of
epinephrine injection. In relation to viral infections he notes that killed influenza virus
which does not elicit local inflammatory reactivity also produces pharmacological
hypersensitivity. Evidence is cited that eosinophilia, which is frequently associated with
asthma, may also be the consequence of p -adrenergic malfunction.

The beneficial effects of aminophylline and methylxanthines on asthma is
attributed by Szentivanyi to the inhibition of phosphodiesterase, an enzyme responsible
for the inactivation of 3’,5-AMP (Figure 1). The action of these agents is bypassing
the biochemical site of the postulated B -adrenergic lesion and lower receptive
threshold to catecholamine action. The moderating effect of glucocorticoids on
asthma is explained by their general antiinflammatory effect. He notes that
corticosteroids support the normality of target cell responses to catecholamines and
that in the absence of glucocorticoids, receptor threshold for catecholamines may be
raised occasionally up to the point of complete unresponsiveness. Finally, the reason
for susceptibility to a variety of unrelated factors that can precipitate asthma is
considered. He summarized the problem as follows:

"In addition to the antigen-antibody interaction, asthmatic episodes are known to
be triggered by a large variety of stimuli such as infection, various synthetic and
natural chemicals, conditioned reflexes, psychic stimuli, changes in atmospheric
pressure, inhalation of cold air, nonantigenic dust, fumes, and other irritants, etc.
Any molecular interpretation of a susceptibility to such a large variety of unrelated
stimuli would appear to necessitate the postulate that the primary lesion be
connected with a final common pathway operating through a biologically unusually
broad messenger system. The adenylcyclase-3',5-AMP system is the first known
messenger system capable of responding to a wide variety of neural, humoral, and
hormonal agents subserving homeostasis."

The ingenuity of this article is that it considers a wide spectrum of facts which

are seemingly unrelated and puts them into logical order and with powerful reasoning.
The conclusion derived is that a neuroendocrine regulatory defect must be involved
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in the pathogenesis of asthma and of atopic diseases in general. This article has been
much appreciated by clinical scientists, but is seldom considered in authoritative
textbooks of immunology in relation to allergic diseases. In these texts the role of IgE
antibodies to "allergens" and the inflammatory mediators released by allergen-IgE
reaction from mast cells and basophils is presented as the major mechanism. The fact
that the level of IgE antibodies frequently does not correlate with clinical symptoms
is grossly ignored and asthma or atopic reactions elicited by nonimmunological factors
are regarded as a clinical curiosity of minor importance, if any.

Ever since the presentation of the p -adrenergic theory of atopy and asthma,
Szentivanyi remained faithful to the idea that the major pathomechanism underlying
these diseases is related to the malfunction of the B -adrenergic signalling pathway.
This common thread runs through virtually all of his numerous papers, reviews, book
chapters and it is the subject of some of the 18 books he published. The major topics
he engaged himself in were as follows: (a) studies on the nature and function of
adrenergic (especiallyp -adrenergic) and cholinergic receptors; (b) studies on adenyl
cyclase, cyclic AMP and on signal transduction;**? (c) the isolation, characterization
and pharmacological modulation of phosphodiesterase;*®% (d) systemic effects of
immunization and endotoxin, on the adrenergic and cholinergic systems, on
metabolism, and on sensitivity to inflammatory mediators, etc.;>”**® (e) clinical
studies on asthma and related conditions.!21522>284951-372110-121 He discovered that
B -adrenergic subsensitivity does exist in patients with atopic dermatitis who never
received adrenergic medication and, therefore, the therapeutic desensitization with
adrenalin cannot account for the dysfunctional B -system.!® It was also established that
the B -adrenergic reactivity of lung tissue of lymphocytes and adipocytes from patients
with atopic asthma was abnormal and various patterns of drug-vs-disease-induced
subsensitivities could be recognized.!"'?%121% 1t was also concluded that the
bronchial hyperreactivity to cholinergic agents in asthma is not mediated through
cholinergic mechanisms but is caused by the adrenergic abnormality which is analogous
to the so-called "denervation supersensitivity".'>"'2® Lymphocytes of asthmatic patients
showed a significant decrease in ligand binding to B -adrenergic receptors independent
of therapy, whereas B receptors of polymorphonuclear cells were unaffected.'>*1%
Lymphocytes from asthmatic patients showed a shift from e ; to e , adrenoreceptors,
which was also present in adipocytes from asthmatic patients. These abnormalities
were absent from patients with asymptomatic triad asthma.'?

In 1983 Krzanowski and Szentivanyi''® summarized the pathogenesis of B -
adrenergic subsensitivity in asthma as follows:

"An acute asthmatic episode may be seen as the dramatic culmination of an
internal struggle for homeostasis. Initiated by a remarkable range of environmental
and internal factors, the struggle probably begins at the site of an inherited or
acquired intrinsic defect or imbalance at the molecular level. . . The abnormality
may be: (1) acquired by a functional regulatory shift caused by hormonal changes,
infection, allergic tissue injury, etc., (2) genetically determined, and (3) caused by
autoimmune disease. In case of a given atopic disorder, one, or a combination of
two, or all three of these major mechanisms may be operative.”

This statement is supported by findings from the author’s laboratory and of
others, indicating that (i) there is a broad genetic variation in man with regards to
autonomic reactivities; (ii) endotoxin is capable of altering adrenoreceptor reactivity
in human bronchial smooth muscle; (iii) killed influenza virus vaccine increases the
sensitivity of asthmatic patients to aerosolyzed methacholine; (iv) upper respiratory
infections reduced B -adrenergic activity, cyclic AMP synthesis and lysosomal enzyme
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release in human granulocytes; (v) patients with chronic bronchitis with no previous
history of asthma may develop frank asthmatic attacks during therapy with B -
adrenergic blocking drugs given for some unrelated reason; (vi) all hormonal agents
that have been studied so far, including corticosteroid, thyroid hormones, insulin and
estrogen, are capable of producing an e« - or p-oriented shift in adrenoreceptor
numbers; and (vii) finally, cases of autoimmune reactions against adrenergic and
cholinergic receptors are cited.

Other areas of scientific enquiry by Szentivanyi are related to inflammation and
the effect of glucocorticoids.'*** More recently he focused his attention on the
influence of cytokines on adrenergic receptors as it may be related to asthma and
some other diseases such as cystic fibrosis. In the following chapter’ he observes
that: (i) inflammation, bronchial hyperresponsiveness and the influx of lymphocytes to
the site are inseparable features of the pathogenesis of asthma; (ii) bronchial
hyperresponsiveness correlates with T lymphocyte derived products and not directly
with IgE antibodies; (iii) lymphocytes are capable of secreting mediators that alter f
adrenergic function. In the hope that the puzzle that got him to venture to solve the
pathogenesis of asthma over 40 years ago can now be brought to final conclusion he
is working on these problems more feverishly than ever before.

Szentivanyi is truly the founder of the brave new area of scientific enquiry that
may be designated as psychoneurobiology of which a more restricted area is
psychoneuroimmunology. From the moment he identified the problem at the bedside
he was committed to this area of investigation regardless of any other circumstances,
such as the immense difficulties of approaching the problem at a time when
immunology and experimental medicine as a whole were in their infancy. Most of the
salient observations he made with his colleagues was done in wartorn Hungary during
the early SOs which must have contributed significantly to the obstacles he had to
overcome. While in the United States he continued his work which culminated in the
presentation of the B -adrenergic theory for atopy and asthma followed by the
systematic collection of experimental and clinical evidence for its validation. Although
the work has not yet been concluded, and for this reason, he is not quite satisfied; it
must be rewarding for him to see that the neural regulation of immune and
inflammatory reactions is now taken very seriously. In fact there is compelling
evidence to support almost all of the conclusions he laid out way before this field was
considered a valid area of scientific enquiry. Now there is good evidence that
adrenergic and cholinergic nerves and a whole host of neuropeptides have a significant
influence on immune reactions, on inflammation, and play a role in the pathogenesis
of hypersensitivity reactions, including atopy and asthma. Moreover, there is good
evidence to indicate that immune inflammatory processes affect neural regulatory
processes and elicit a systemic metabolic effect as he has shown in his pioneering
experiments. We congratulate him and pay homage for his remarkable achievements.
We wish him well with his future endeavours.
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David Wilson Talmage, one of the most important pioneers of the molecular
biology of immunoregulation, in discussing recently (1988) what is beyond molecular
immunology, poses the following questions:

"What will we study after we understand all the genes and their
products that impact on the immune system? Surely, in a few years we will
understand how lymphocytes differentiate and are activated, how they
synthesize, secrete, kill, migrate. What will we study then? My prediction
is that immunology will then have its greatest challenge. How can we put
it all together for the benefit of mankind? How will we prevent allergies,
autoimmunity, transplant rejection, and how will we cure cancer? The
coming era of immunology will be a stage of synthesis-a return to Stage 1
and the immunology of the whole animal."

This return to stage one, the immunology of the whole animal, has already begun as
reflected by this chapter.

Indeed, of the various evolving views on immunologic inflammation, immunity and
hypersensitivity, this paper discusses the irrevocable shift and turnabout in our
concepts of immunoregulation as connected with our growing understanding of the

"Dedicated to the memory of Leo Szilard.
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immune-neuroendocrine circuitry. This network, powerful enough both conceptually
and in de facto functioning to bring about a radical change in our perceptions of the
human immune, endocrine, and nervous systems, has already enlisted the minds, hearts
and resources of a large number of our leading laboratories in many areas of life
sciences on an international scale.

The immune-neuroendocrine circuitry represents an immensely complex, powerful
and wide-ranging charter of human physiological and pathologic possibilities that,
among others, is working its way to the creation of a new immunology based on a
vastly enlarged vision of immunologic potential in health and disease.

THE DISCOVERY OF THE IMMUNE-NEUROENDOCRINE CIRCUITRY AND THE
CONCEPTS OF PREVAILING IMMUNOLOGIC THOUGHT THAT IMPEDED THE
TIMELY RECOGNITION OF ITS ROLE IN IMMUNE HOMEOSTASIS

The integrative center of this awesome edifice is the hypothalamus. The latter
is a small, anatomically complex region of the diencephalon which in a variety of ways
contributes to a number of regulatory systems. The functional and anatomic
complexity of the hypothalamus results in part from its role as a nodal region for (1)
convergence of input from the limbic system which contribute to an association
between visceral and behavioral functions, (2) bidirectional bundles of nerve fibers
with their cell bodies (perikarya) in the telencephalon or brainstem, and (3) local
neurons coordinating distant organ system activities through the effector functions of
the endocrine and autonomic nervous systems.

The role of hypothalamic influences in the induction and expression of immuno-
logic inflammation, immunity, and hypersensitivity was first discovered in my
laboratory in the fall of 1951 at the University of Debrecen School of Medicine in
Hungary. The circumstances that led to this discovery could be stated as follows. As
a first year resident on call in the First Department of Internal Medicine in Debrecen,
I'was called one night in late June 1951 to a hospitalized 52-year-old male patient with
a twelve- year history of chronic asthma. The patient was in severe status asthmaticus
requiring the repeated administration of epinephrine which in the post-war years in
Hungary was just about the only antiasthmatic agent in the therapeutic
armamentarium of the hospital. In the beginning, epinephrine provided symptomatic
relief but had to be administered repeatedly and the extent and length of these reliefs
between two administrations became gradually shorter and less adequate ultimately
resulting in a complete loss of effectiveness. I thought that this was due to massive
mechanical obstruction in the airways and as such should not be surprising. The
patient died and I requested an autopsy to be held in the morning. Macroscopic and
later histologic examination of the airways showed a limited degree of obstruction that
by no means could account for the refractoriness to epinephrine. I concluded that
there was something unusual about this patient’s asthma, or there was something
unusual about the disease itself, at least as far as responsiveness to epinephrine was
concerned. I decided to go to see the chairman of our department, Professor Bela
Fornet, who at that time was the foremost expert on bronchial asthma in Hungary.
He said that I should "calm down" since what I observed was nothing unusual but a
frequent experience with the disease; in fact, status asmaticus was defined by some as
a condition that is refractory to epinephrine. Embarrassed by my ignorance about
asthma, I thanked Professor Fornet for the clarification and left.

In the next couple of days, however, I could not "calm down." On the contrary,
I became more and more agitated since I felt that if epinephrine refractoriness is
indeed a characteristic and not an uncommon feature of asthma, then this
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characteristic may be of pathognomonic significance. Such a possibility brought into
focus the question that how is it possible that highly experienced and knowledgeable
scholars of asthma did not seem to associate this strange tolerance to a "drug" with the
pathogenesis of the condition. This was all the less comprehensible since epinephrine
was not a "drug" but a natural substance with enormous importance in mammalian
physiology--one of the three catecholamines representing the adrenergic nervous
system together with norepinephrine and dopamine.

I'went to see Professor Fornet again and I presented my argument as follows. It
is established that the main catecholamine store of the mammalian body is the
chromaffin tissue including the adrenal medullae, paraganglia, and various other
extraadrenal chromaffin cells. The precursors of these chromaffin cells are derived
from the neural crest of the embryo as primordial sympathetic ganglion cells; only
after migrating outside the nervous system do some of the ganglion cells become
further differentiated as adrenal medullary cells. This ganglionic ancestry is further
exemplified by the unusual anatomic relationship of these cells to their innervating
autonomic fibers. The latter, reaching the adrenal gland via the lesser splanchnic
nerve and through the direct branches from the lumbar sympathetic trunk, terminate
among the medullary chromaffin cells without the interposition of postganglionic
neurons. Both cholinesterase activity and the synaptic vesicles, the characteristic
storage organelles of the cholinergic neurotransmitter (acetylcholine), are confined to
the presynaptic terminals of the splanchnic fibers, whereas the catechol-containing
storage granules are localized postsynaptically in the medullary chromaffin cells. This
arrangement is consistent with the concept that the nerve fibers represent the
preganglionic cholinergic innervation of the medullary cells. The limiting membrane
of the latter stands for the postganglionic membrane, whereas the cells themselves
substitute for the terminals of the postganglionic adrenergic neurons. The commonly
shared characteristics in electrophysiologic properties and sensitivity to various
ganglion blocking agents further testifies to the specific relationship between their
limiting membrane and the postganglionic adrenergic membrane. This is well
illustrated by the excellent agreement between the sensitivity of both membranes to
methonium compounds of various chain lengths; in both cases decamethonium (°10)
is ineffective, hexamethonium (°6) is the most potent. The adrenal medullary cells,
therefore, may be regarded as the embryologic, anatomic, and functional analogues of
the adrenergic neurons and their products, the catecholamines, represent the effector
molecules of the adrenergic division of the autonomic nervous system. I further
argued that the asthmatic response to epinephrine may reflect a dysfunctional
adrenergic system which may contribute to the development of asthma through a
resulting autonomic imbalance. I suggested that such an animal model could be
established through various hypothalamic manipulations in the anaphylactic guinea pig
and I asked Professor Fornet to contact Professor Szentagothai to inquire whether I
could go for a study leave in his Institute of Anatomy at the University of Pecs which,
at that point, was the most authoritative center in hypothalamic research in Europe.
I also mentioned that I had had discussions about such a plan with Dr. Janos Hankiss,
a resident colleague in our department, and it would be helpful if both of us could go.
Professor Fornet made the arrangements with Professor Szentagothai for a three-
month stay in his institute for the purpose of learning hypothalamic methodology. For
reasons I no longer remember, Dr. Hankiss lost interest in this plan. In his place Dr.
Geza Filipp (later Professor of Internal Medicine at the University of Saarland,
Germany) joined us and it was Dr. Bela Mess (currently Professor and Chairman at
the Second Department of Anatomy at the University of Pecs in Hungary) who was
designated by Szentagothai to teach us the Horsley-Clarke stereotaxic methodology.
This is how our exploration of the immune-neuroendocrine circuitry started and with
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some interruptions continued up to the writing of this chapter. In addition to G.
Filipp and B. Mess, my associates in various phases of our work included 1. Legeza,
B. Fornet, L. Vegh, M. Keszthelyi, P. Demeny, A. Haraszthy, J. Szekely, O. Heim, S.
Reiner, P. Schultze, D.W. Talmage, J. Radovich, R.J. Weiler, D. Hofstra, R. Blaisdell,
Z. Houban, R.A. Ortiz, T.W. Klein, W.E. Linaweaver, D. Hurst, R.G. Townley, L.L.
Trapani, S. Katsh, D.G. Halkias, C.W. Fishel, J. Szentivanyi, K. Haberman, M.E.
Schwartz, H. Wagner, E. Wertheimer, and more recently J.J. Krzanowski, J.B. Polson,
D.F. Fitzpatrick, J.F. Hackney, J.F. Williams, S. Lowitt, W. Anderson, S. Robicsek, K.
Hurt, J. Zority, E. Calderon, C. Abarca, R.F. Lockey, S. Brooks and K. Ali.

The rationale behind the decision for a systematic exploration of the
hypothalamus was as follows. Historically, the interpretation of the symptomatology
and the underlying reaction sequence of human asthma was patterned after those of
the anaphylactic guinea pig. However, the range of atopic responsiveness in asthma
includes a variety of stimuli that are non-immunologic in nature. Foremost among
these is a broad range of pharmacologically active mediators that today could be
considered as the chemical organizers of central and peripheral autonomic regulation.
Therefore, I believed that anaphylaxis could not be used as a model for the
investigation of the constitutional basis of atopy in asthma. It was postulated that such
a model, if it were to be meaningful, must be able to imitate both the immunologic
and autonomic abnormalities of the disease. Since at that early time (1951) none of
the currently existing neuroactive agents (agonists, antagonists, etc.) which one could
conceivably use as an experimental tool to induce an autonomic imbalance were in
existence, it was concluded that the best chance to develop such a condition could be
through various manipulations at the neuroendocrine regulatory level of the
hypothalamus. Consequently, hypothalamically imbalanced anaphylactic animals were
used. These were produced by the electrolytic lesion, and conversely, the electrical
stimulation of various nuclear groupings in the hypothalamus through permanently
implanted depth electrodes placed stereotaxically into the hypothalamus. The resulting
cumulative findings obtained on such a model indicated that the hypothalamus has a
modulatory influence on all cellular and humoral immune reactivities and that both
neural as well as endocrine pathways are required for hypothalamic modulation of
immune responses.>*!

Concurrently with these developments, however, an unparalleled expansion of
information on the basic aspects of immunology, in general, and on the nature of
antibody diversity, in particular, started to occupy the center stage of immunologic
interest. Most importantly, the new perceptions surrounding the nature of antibody
diversity began to surface in the late 1950s with the first conclusive genetic studies
having been completed and a new set of concepts defined. These circumstances led
to a total transformation of prevailing immunologic thought ultimately leading to the
replacement of instructionist theories by the selective theories as advanced by Talmage
(spring 1957) and Burnet (fall 1957).

Three major postulates were implicit in these theories of heritable cellular
commitment: (1) the antigen receptor site and the antibody combining site whose
synthesis that cell controls are identical and are derived at least partially from the
same structural gene; (2) the condition guaranteeing the correspondence of the
immunoglobulin synthesized with the antigen is that they are limited to the same cell
that is the cell specialized for the synthesis of a single antibody; (3) the cell
specialization stipulated in item two is inherited and therefore, clonal (the clonal
selection theory of acquired immunity). Subsequently, it became established that
virtually all antibody diversity and specificity encoded in the immune system can be
accounted for in genetic terms and thus the controls for the antibody response must
reside largely within the major histocompatibility complex where different genes
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appear to code for immune response, suppression, and cell interaction. Another
impediment in the timely recognition of the significance of the immune-
neuroendocrine circuitry in immune homeostasis was the ability to have immune
reactivities proceed in vitro. This further supported the concept that the immune
system is a totally autonomous and self-regulating unit (this view has overlooked the
rich neurohormonal milieu in which most in vitro immune responses occur). Sporadic
refutations of these postulates have occurred and continue to surface in the literature,
but the great bulk of the evidence is supportive of the clonal selection theory. The
theory’s sheer eloquence, however, has probably been most responsible for its
dominant role in immunologic thought and its acceptance as dogma since the early
’60s. In any case, these concepts and the large body of supportive evidence have so
permeated the field that it became difficult, if not impossible, to think of immunology
outside of this framework.*

In the late *50s and throughout the *60s the two conceptual centers of these ideas
were under the leadership of D.W. Talmage at the University of Chicago and later at
Colorado, and the group at Walter and Eliza Hall Institute in Australia under M.
Burnet. Because of the close association with Talmage, extending over a period of ten
years, I was very much under the influence of these views and developed reservations
against the significance of the above mentioned hypothalamic findings in immunoregu-
lation. Nevertheless, by 1966 in a chapter of a German text'® through an extensive
analysis of our findings and the dominant immunologic concepts, I came to articulate
the following conclusions: (1) the significance of the immunopharmacologic mediators
of immune manifestations in normal mammalian physiology is that they are the
chemical organizers of central and peripheral autonomic action; (2) the preceding
suggests the inseparability of the immune response system from the neuroendocrine
system; (3) such inseparability indicates the de facto existence of immune-neuroendo-
crine circuits and the necessity for a bidirectional flow of information between the two
systems; (4) one must distinguish between the concepts of autoregulation as one that
primarily revolves around one effector molecule of immunity, the antibody, and
satisfies the requirements of antibody diversity and specificity in contrast to the more
complex requirements of immune homeostasis; (5) in contrast to autoregulation that
is always self-contained, homeostatic control is always beyond the constraints of one
single cell or tissue system; and (6) thus, immune homeostasis must represent a far
more sophisticated level of control than autoregulation, and is based on immune-
neuroendocrine circuits. Indeed, as Gail Schechter® points out, no bodily system is
as simple, sacred, or singular as once thought. Instead, as in any good relationship,
the separate components strive for sensitivity, synchrony, and synergy. Recognition
and communication among the immune, endocrine, and nervous systems exemplify the
formula for harmony and homeostasis.

While the manifold similarities between the immune and nervous systems are fully
realized (see below), the immune system has a major additional level of complexity
over that of the nervous system. Although the nervous system with its spectacular
masses of much-revealing and well-defined projection patterns is well-moored in the
body in a static web of axons, dendrites, and synapses, the elements of the immune
system are in a continuously mobile phase incessantly scouring over and percolating
through the body tissues, returning via an intricate system of lymphatic channels and
then blending again in the blood. This dynamism is relieved only by scattered
concentrations called lymphoid organs. These circumstances would appear to indicate
that the functional plasticity of the immune system is far greater than that of the
nervous system, and consequently, its regulation must require a more complex and
sophisticated level of control. For these reasons, I have raised the frivolous question
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in the above-mentioned text in 1966 whether the immune system is more "intelligent"
than the brain.

When these conclusions were reached (in the *60s) our understandings of cellular
immunology were in an early phase. The *70s saw the discovery of the lymphokines,
monokines and a broad range of other effector molecules of immunologic inflamma-
tion, immunity, and hypersensitivity. But it was only in the ’80s that we recognized
that the cells of the immune system, primarily the lymphocytes, synthesize, store, and
release neurotransmitters, hypothalamo-hypophyseal hormones, etc. and by all criteria
serve as neuroendocrine cells "par excellence."'%# We shall return to the
lymphocyte below.

DEVELOPMENTAL INTERRELATIONSHIPS AMONG THE CELLULAR AND
HUMORAL COMPONENTS OF THE IMMUNE-NEUROENDOCRINE CIRCUITRY

These interrelationships may be briefly stated through a discussion of (1) the cells
involved in the synthesis, storage, secretion and/or release of the effector molecules
of immunologic reactivities; (2) neural crest interactions in the development of the
immune system; (3) cerebral dominance or lateralization and immune disorders; (4)
the ancient superfamily of immune recognition molecules and the neural cell adhesion
molecule; (5) coevolution of cytokine receptor families in the immune and nervous
systems; (6) shared molecular mechanisms in the development of immune and
neuronal memories; and (7) the unique recognition and communication powers of the
immune and nervous systems as shared characteristics.

The Cells Involved in the Synthesis, Storage, Secretion, and/or Release of the Effector
Molecules of Immunologic Reactivities

The functions of the immune system are the properties of cells distributed
throughout the body. They include (1) free or circulating cells of the blood, lymph and
intravascular spaces; (2) similar cells collected into units that allow for close
interaction with lymph or circulating blood--lymph nodes, spleen, liver, and bone
marrow; and (3) two major control organs for the system, the thymus gland and the
hypothalamic-pituitary-adrenal complex. The cells involved in the synthesis, storage,
secretion, and/or release of the effector molecules of immunologic inflammation,
immunity,and immunologically-based hypersensitivity (allergy) represent a continuous
spectrum of related cell types specialized in the production and storage of various
physiopharmacologically active effector substances in variable proportions, i.e., of cells
that have a common developmental origin with differentiation being determined by
the specific requirements of the local neurohumoral regulation. Accounting only for
those effector molecules for which the cell type has been identified, this incomplete
spectrum of cells and effector substances includes macrophages and lymphocytes
(interleukins 1-12, interferons, tumor necrosis factors, lysosome and complement
components, prostaglandins, leukotrienes, acid hydrolases, neutral proteinases,
arginase, nucleotide metabolites, various neuroactive immunoregulatory peptides
including ACTH, CRF-like activity, bombesin, endorphins, enkephalins, TSH, growth
hormone, prolactin, neurotensin, chorionic gonadotropin, VIP, tachykinin
neuropeptides including substance P, substance K, neuromedin K, somatostatins, mast
cell growth factor, etc.), neutrophil leukocytes (SRS-A, ECF-A, enzymes, PAF and
other vascular permeability factors, kinin-generating substances, a complement-
activating factor, histamine-releasers, a neutrophil inhibitory factor, VIP, 5-HETE,
etc.), basophilic leukocytes (histamine, SRS-A, ECF-A, NCF, PAF, SP, SOMs, etc.),
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murine basophilic leukocytes (the same as in humans plus serotonin), eosinophilic
leukocytes (PAF, 8,15-diHETE, SRS-A, eosinophil peroxidase, major basic protein,
etc.), serosal, connective tissue or TC mast cells (histamine, SRS-A, ECF-A, NCF,
PAF, VIP, SP, SOMs, etc.), mucosal or T mast cells (histamine, SRS-A, ECF-A, NCF,
PAF, VIP, SP, SOMs, etc.), "chromaffin positive" mast cells (dopamine in ruminants;
in other species possibly norepinephrine and neuropeptide Y), the so-called P-cells
(histamine, serotonin), enterochromaffin cells (serotonin), chromaffin cells
(epinephrine, norepinephrine, dopamine, neuropeptide-Y, IL-le, etc.), platelets
(depending on species, histamine, serotonin, catecholamines, prostaglandins, 12-
HETE), neurosecretory cells (histamine, serotonin, catecholamines, acetylcholine,
prostaglandins, and other eicosanoids, kinins, the various hypothalamic substances that
release or inhibit the release of the anterior pituitary hormones, and the group of
neuroactive immunoregulatory peptides including ACTH, bombesin, neurotensin,
endorphins, enkephalins, TSH, growth hormone, prolactin, chorionic gonadotropin,
VIP, the tachykinin neuropeptides, somatostatins, neuropeptide-Y, IL-lx , IL-18, IL-6,
etc.), medullary thymic epithelial cells and the Hassals corpuscles (thymosins and other
thymic factors), SIF cells (dopamine), and other nerve cells including essentially all the
effector molecules listed under the neurosecretory cells.  For more detailed
information on all the foregoing cell types and effector molecules see Szentivanyi et
al,, 1990.

Many of these cell types possess different morphologic, physicochemical and
general biologic characteristics. Nevertheless, in passing from one member of this cell
spectrum to another, obvious transitions are seen in all these characteristics.
Furthermore, when one surveys their properties and their probable physiologic
function in the higher organism, significant cohesive features become apparent that set
them apart from other body constituents as a distinct single class of cells that must be
included in current concepts of neurosecretion.

There are some workers who postulated that the cellular components of the
immune-neuroendocrine circuitry and their effector molecules could be viewed as two
different divisions of this network. The two major divisions according to these workers
may be defined as involved in neurovascular immunology and neuroendocrine
immunology. Neurovascular immunology is concerned with immune response-related
actions of vasoactive neurotransmitter substances that function as potent, short-lived
local "hormones" first identified and studied as mediators of immunologic
inflammation and hypersensitivity. They also play important roles in blood flow,
vascular permeability, and pain transmission. These soluble effector molecules are
simple compounds (i.e., amine mediators), short-chain peptides (i.e., kinins, substance
P, etc.) and short-chain lipids (i.e., prostaglandins, leukotrienes) and have a long
evolutionary history in biological defense. They use parakine and synaptic signalling
on their effector cells. The second major division, defined above as involved in
neuroendocrine immunology, = represents all the immune response-related
hypothalamic, pituitary, and other hormones which use endocrine signalling and are
primarily immunomodulatory in character. This perhaps convenient but arbitrary
functional separation of these two divisions is intrinsically incorrect as discussed in
Szentivanyi et al.*

Neural Crest Interactions in the Development of the Immune System
In discussing neural crest interactions in the development of the immune
system at first we must briefly characterize the developmental biology of this structure.

The neural crest is produced from ectodermal cells which are released from the apical
portions of the neural folds at about the time fusion occurs to form the neural tube
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and a separate overlying ectodermal layer. The basement membrane underlying the
neural crest cells breaks down, the cellular characteristics change, and they become
separated from the other components of the neural fold. There is a change in relative
spatial relationship, or migration, of the neural crest cells to varied associations and
destinies.*

We have known for some time that neural development is conducted in several
distinct, consecutive steps but it is only recently that we have begun to understand the
nature of the molecular mechanisms underlying these steps. The first step is primarily
controlled by inductive mechanisms, i.e., by established diffusible factors of vertebrate
embryonic induction. This is followed by intracellular regulation of a set of
transcriptional factors containing for instance, Hox and Pou domains.”*®* When the
neural tube is formed, neural crest cells, i.e., multipotent stem cells, start to
differentiate into the various cell types that comprise the nervous system. This is the
stage at which neuronal immunoglobulin gene superfamilies (IgSFs) and cytokine
receptors play important roles. Three processes take place at this stage to form the
nervous system: cell migration, pathway finding, and determination of cell lineage.
Recent studies suggest that the molecules involved in these three processes may have
originated from the same protein module that has also evolved to generate major
molecules in the immune system (see discussion of coevolution of cytokine receptors
in the immune and nervous systems below).

The portion of the neural crest pertinent to this discussion is that which is closely
associated with the developing brain, specifically, the hind brain. Crest cells in this
cranial portion (anterior to the fifth somite) differentiate into mesenchyme, in addition
to other connective tissue, muscular and nervous components. Neural crest cells
migrate ventrolaterally through the bronchial arches and contribute mesenchymal cells
to a number of structures. It is this mesenchyme that forms the layers around the
epithelial primordia of the thymus.*

The full significance of the foregoing will be even more appreciated when viewed
in the context of three additional considerations: (1) the thymus is formed by
contributions from different sources which must interact in a precisely timed sequence
for proper development; (2) ablation of small portions of neural crest prevents or
alters the development of the thymus; and (3) formation of the thymus precedes that
of the more secondary, peripheral lymphoid tissues reflecting a critical thymic role
already in the early development of the immune system. Taken together, development
of the immune system is inherently linked to the neural crest and any aberration in
this link results in defective immune development such as that seen for instance in the
DiGeorge syndrome.

The Ancient Superfamily of Immune Recognition Molecules and the Neural Cell
Adhesion Molecule

The ancient superfamily of immune recognition molecules and the N-CAM
represent another aspect of the interrelationships among the cellular and molecular
components of the immune-neuroendocrine circuitry. Most of the glycoproteins that
mediate cell-cell recognition or antigen recognition in the immune system contain
related structural elements, suggesting that the genes that encode them have a
common evolutionary history. Included in this Ig superfamily are antibodies, T-cell
receptors, MHC glycoproteins, the CD2, CD4, and CD8 cell-cell adhesion proteins,
some of the polypeptide chains of the CD3 complex associated with T cell receptors
and the various Fc receptors on lymphocytes and other white blood cells--all of which
contain one or more Ig-like domains (Ig homology units). Each Ig homology unit is
usually encoded by a separate exon, and it seems likely that the entire supergene
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family evolved from a gene coding for a single Ig homology unit similar to that
encoding Thy-1 or B,-microglobulin which may have been involved in mediating cell-
cell interactions. Since a Thy-1-like molecule has been isolated from the brain of
squids, it is probable that such a primordial gene arose before vertebrates diverged
from their invertebrate ancestors some 400 million years ago. New family members
presumably arose by exon and gene duplications, and similar duplication events
probably gave rise to the multiple gene segments that encode antibodies and T cell
receptors.”

An increasing number of cell-surface glycoproteins that mediate Ca®*-
independent cell-cell adhesion in vertebrates are being discovered to belong to the Ig
superfamily. One of these is the so-called N-CAM, which is a large, single-pass
transmembrane glycoprotein (about 1,000 amino acid residues long). N-CAM is
expressed on the surface of nerve cells and glial cells and causes them to stick together
by a Ca®*-independent mechanisms. When these membrane proteins are purified and
inserted into synthetic phospholipid vesicles, the vesicles bind to one another, as well
as to cells that have N-CAM on their surface; the binding is blocked if the cells are
pretreated with monovalent anti-N-CAM antibodies. Thus, N-CAM binds cells
together by a homophilic interaction that directly joins two N-CAM molecules.”

Anti-N-CAM antibodies disrupt the orderly pattern of retinal development in
tissue culture and when injected into the developing chick eye, disturb the normal
growth pattern of retinal nerve cell axons. These observations suggest that N-CAM
plays an important part in the development of the central nervous system by promoting
cell-cell adhesion. In addition, the neural crest cells that form the peripheral nervous
system have large amounts of N-CAM on their surface when they are associated with
the neural tube, lose it while they are migrating, and then re-express it when they
aggregate to form a ganglion suggesting that N-CAM plays a part in the assembly of
the ganglion.

There are several forms of N-CAM, each encoded by a distinct messenger RNA
(mRNA). The different mRNAs are generated by alternative splicing of an RNA
transcript produced from a single large gene. The large extracellular post of the
polypeptide chain (~ 680 amino acid residues) is identical in most forms of N-CAM
and is folded into five domains characteristic of antibody molecules. Thus, N-CAM
belongsszto the same ancient superfamily of recognition proteins to which antibodies
belong.

I have mentioned earlier the guidance provided by the neural crest in the
development of the thymus, that is, a central regulatory organ for the immune system.
The converse also appears to be true: the immune system has a special role in the
development of the nervous system. In this context, the most critical feature of the
immune system is its tremendous polymorphism so that lymphocytes that are produced
can recognize enormous numbers of different antigens. For this reason, the immune
system is ideally suited to provide markers or "anchoring sites" that enable developing
structures to be built up in precisely the correct form. In no organ system is this type
of detailed anchorage mechanism as important as in the developing nervous system in
which many millions of nerve fibers traverse great distances and establish connections
with particular groups of target cells. Marking by means of histocompatibility antigens
provides exactly such a system, as indeed the original function of the MHC antigens
has been defined already in the 1970s as the general plasma membrane anchorage site
of organogenesis-directing proteins.>

49



Coevolution of Cytokine Receptor Families in the Immune and Nervous Systems

Established members of neurotrophic factors (NTFs) and neuronal differentia-
tion factors (NDFs) belong to two major groups: cytokines and growth factors. The
family of cytokines may be divided into three subclasses based on structural homology
of their receptors (Bazan™*): (1) Class I receptors: IL-1R, IL-3R, IL-4R, IL-5R,
IL-6R, IL-7R, granulocyte-macrophage colony stimulating factor receptor (GM-CSFR),
erythropoietin receptor (EPR), cholinergic differentiation factor receptor (CDFR),
leukaemia inhibitory factor receptor (LIFR), ciliary neutrophic factor receptor
(CNTFR); (2) Class II receptors: interferon-alpha receptor (IFN« R), interferon-
gamma receptor (IFN4 R), and tissue factor receptor (TFR); and (3) class III
receptors, i.e., those receptors whose primary structures belong to immunoglobulin
gene superfamilies (IgSFs) such as IL-1. Growth factors can be classified into gene
families based on the homology of their structures: nerve growth factor (NGF) family,
fibroblast growth factor (FGF) family, epidermal growth factor (EGF) family, insulin
growth factor (IGF) family, etc.

Class I cytokine receptors can be further divided into at least two subtypes,
Class Ia and Class Ib, based on structural differences®. Class Ia includes IL-2R, IL-
3R, IL-5R, and GM-CSFR* and consists of the common cytokine domain with four
conserved cysteines and a Trp-Ser-X (variable residues)-Trp-Ser motif near the
transmembrane domains. Class Ib contains IL-6R, CNTFR, LIFR, and G (granulo-
cyte)-CSFR, and has additional elements, i.e., three fibronectin-like domains near the
transmembrane domain and an Ig-like domain at the N-terminal end in the extracellu-
lar sites. It is the group of cytokines in Class Ib that is of special interest to us in the
context of this discussion. As mentioned briefly before, a number of NTFs and NDFs
have been identified recently together with their receptors at molecular levels. It was
shown that NTFs enhance survival of certain types of neurons whereas NDFs affect
neuronal phenotype without having any influence on neuronal survival. Cholinergic
differentiation factor (CDF) that has a potent NDF activity on sympathetic neurons
is identical to leukaemia inhibitory factor (LIF) that plays an important role in the
immune system®. Ciliary neutrophic factor (CNTF) with an NTF activity on ciliary
ganglia neurons also possesses NDF activity as that of CDF/LIF by inducing
cholinergic differentiation of sympathetic neurons in culture®. Another member of
this group (Class Ib), IL-6, an established immunoregulatory molecule, improves the
survival of mesencephalic catecholaminergic and septal cholinergic neurons from
postnatal rats (two weeks old) in cultures®, and triggers the association of its
receptor (IL-6R) with the signal transducer gp130%!. Generation of sensory neurons
is stimulated by LIFS? and LIFR is structurally related to the IL-6 signal transducer
gp130%%. Furthermore, there is evidence that not only LIF but also CNTF act on
neuronal cells via a shared signal pathway that involves the IL-6 signal transducing
receptor component®,

In view of the very similar NTF and NDF activities of all cytokine members of
Class Ib, Yamamori® proposed that their receptors are likely to have a closely
similar structure. This suggestion was considerably strengthened by findings in a
number of laboratories showing that their receptors belong to a subclass of receptors
for cytokines with both neuronal and immunoregulatory activities.®” This close
structural relationship between the nervous and immune systems at the molecular level
may be explained by evolutionary mechanisms in agreement with the proposal of
Edelman” that the structural resemblance of immunoglobulin and neural cell surface
molecules may have resulted from a common evolutionary origin, and with the analysis
of Bazan® of the structural design and molecular evolution of the cytokine receptor
superfamily. Finally, Yamamori and Sarai®® in an attempt to trace the evolutionary
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origin of the cytokine receptors, constructed a higher subdomain structure of the
receptor for CDF/LIF based on its known primary structure. In their study, the
receptor appears to contain immunoglobulin and fibronectin-like domains in addition
to common domains of the cytokine receptor, similar to those cell surface molecules
of the neural IgSFs. Taken together, these and other above-mentioned findings
indicate that the Class Ib cytokine receptor evolved as a consequence of fusion of the
genes for a more primitive cytokine receptor in Class Ia and for the IgSF, and similarly
that a large number of molecules regulating neural development and vertebrate
immunoregulation have a common evolutionary background. Thus, the origin of
cytokine receptors represents a classical example of molecular coevolution in the
immune and nervous systems.

CEREBRAL DOMINANCE OR LATERALIZATION AND IMMUNE DISORDERS

Leo Szilard

This section requires the introduction of a living legend of the world of
international science, Professor Leo Szilard. Here we must go back to the saddest
chapter of twentieth century European history. When Hitler arrived in 1933, the
remarkable German tradition of scholarship was destroyed almost overnight.
Germany, and later the entire European continent, was no longer hospitable to the
imagination--and not just the scientific imagination. A whole conception of culture
was in retreat: the conception that human knowledge is personal and responsible, an
unending adventure at the edge of uncertainty. And since evil does not take place in
isolation but is a product of amorality by consensus, silence fell on the entire
European continent, as after the trial of Galileo. The great men went out into a
threatened world. Max Born. Erwin Schrddinger. Albert Einstein. Sigmund Freud.
Thomas Mann. Arthur Koestler. Stephan Zweig. Bertolt Brecht. Arturo Toscanini.
Bruno Walter. Marc Chagal. Enrico Fermi. And the incomparable Hungarian
quintet: John Von Neumann, Eugene Wigner, Dennis Gabor, Edward Teller, and Leo
Szilard who arrived finally after many years at the University of Chicago.

This group of Hungarians has had an inordinate impact on our culture: Von
Neumann (invention of the computer), Wigner (Nobel prize for contributions in
theoretical physics), Gabor (Nobel prize for holography), and Teller (the father of the
hydrogen bomb). But what of Szilard? He was the "genius in the shadows," as his
recent biography by Lanoutte™ is most appropriately entitled, who was behind these
Hungarian contributions and was associated with many of the most noteworthy
scientific and historical events of our century.

Leo Szilard was a Hungarian whose university life was spent in Germany as a
nuclear physicist. In 1929, he had published a pioneer paper on Information Theory,
the relation between knowledge, nature, and man. He was also the first to realize that
if you hit an atom with one neutron and it happens to break up and release two, you
then would have a chain reaction. He wrote a specification for a patent that contained
the word "chain reaction” which was filed in 1934. In an attempt to keep the patent
secret and thus prevent science from being misused, Szilard assigned the patent to the
British Admiralty so that it was not published until after the war. But meanwhile the
war in Europe was becoming more and more threatening and the march of progress
in nuclear physics, and the march of Hitler went step by step, pace by pace, to its
inexorable and incomprehensibly evil end.

On 2 December 1942, on the squash court, West Stands, Stagg Field, University
of Chicago, the exponential graphite-uranium pile designed by the group under Enrico
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Fermi and Leo Szilard went into operation. Thus, man achieved the first self-
sustaining nuclear chain reaction, and thereby initiated the controlled release of
nuclear energy. The feasibility of such an achievement had already been predicted in
1939 independently by Szilard, Joliot Curie in France and Niels Bohr in Denmark.
In the same year, Szilard wrote to Joliot Curie asking him whether one could make
a prohibition on publishing in the field of atomic physics. Finally on 2 August 1939,
Szilard prepared a letter for the signature of Albert Einstein to be sent to President
Roosevelt informing him of current progress in atomic bombs. This was the letter that
started the development of the Manhattan project. When in 1945 the European war
had been won and Szifard realized that the bomb was now about to be made and used
on the Japanese, Szilard marshalled protests everywhere he could and wrote
memorandum after memorandum. He always wanted the bomb tested openly before
the Japanese and an international audience, so that the Japanese should know its
power and surrender before people died. Szilard failed and with him the community
of scientists failed. He did what a man of integrity could do. He resigned as professor
of nuclear physics and turned to biology. It was at this point that he sought out David
W. Talmage at the University of Chicago whom he knew was in the process of paving
the way to developing a new view of immunoregulation--the view that we have
discussed earlier (for more extensive coverage of the subject the reader is referred to
Szentivanyi and Friedman, 1994™). It was Talmage who introduced me to Szilard
but while at the University of Chicago I had no personal relationship with him. It was
only after Talmage moved to the University of Colorado Medical School in Denver
and asked me to go with him that a more personal and close relationship developed
between us. This relationship became an outgrowth of our friendship with Szilard’s
only sister, Rose, and her husband Roland Detre, by that time a nationally recognized
painter, who resided in Denver. Because of these circumstances, Szilard frequently
visited Denver, leading gradually to more meetings between us and ultimately resulting
in a friendship that lasted until the day of his death on May 20, 1964 in LaJolla,
California. On that day, I was in LaJolla at an NIH research conference; it was a very
sad day.

On one of his visits to Denver, I told Szilard that one of my old research
interests while still in Hungary had to do with an observation that epilepsy occurs
more frequently in patients with disorders of atopic allergy (asthma, atopic dermatitis,
hay fever, etc.), especially if the patients are left-handed. I explained that this was
about the time when electroencephalography emerged as a new tool in
neurophysiology. Further, the first laboratory of this kind was established at the
University of Marseille under the direction of Professor Henry Gastaut where Raphael
Panzani, an allergist, was in the process of studying precisely the same strange
relationship between left-handedness, epilepsy, and atopic disease. I requested
authorization for a study-leave at the University of Marseille but the Hungarian
authorities did not approve my exit visa and I could not go. Nevertheless, these
findings, i.e., a relationship between atopic disease and left-handedness, remained a
source of considerable fascination for me for the main reason that they did not make
any sense at all.

Szilard looked at me and said, "On the contrary, they do make a great deal of
sense even in nuclear physics." I still see him, sitting before me, a man ready on short
notice with memoranda outlining strategies for international peace or economic
recovery, charming, impulsive, restless, and a very able agent of seduction from the
straight path of immunology and immunological disease to such bizarre relationships
as left-handedness and atopic allergy. To Szilard’s statement I remarked that I always
thought that it was a central and proven tenet of the laws of physics that elementary
particles are symmetric. Szilard said that these concepts had been proven to be
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incorrect a long time ago. He pointed to the example of beta decay in which an
electron is emitted along with a newly formed particle, the neutrino, that spins at right
angles to the direction of movement. In the old concepts of symmetry, there would
be equal numbers of neutrinos with left-sided and right-sided spins. In reality,
however, the neutrinos so produced are all "left-handed," i.e., as they move toward the
observer they all spin in the clockwise direction while the emitted electrons spin in the
reverse direction. The asymmetric spins of particles emitted in beta decay are not
restricted to the physics of elementary particles. In fact, they are present in all
physical, chemical, and biological systems. This nonconservation of parity, continued
Szilard, may very well apply to the problems of cerebral dominance or lateralization
and the development of immune disorders and it may explain our observations on the
relationship between left-handedness and atopic disease (for a more current and
comprehensive account of these issues see Szentivanyi et al., 1994%),

Lateralization and Immune Disorders

The recognition of cerebral lateralization grew out of the discovery in the last
century of cerebral dominance, that is, the superior capacity of each side of the brain
to acquire particular skills. Over the past 120 years, it was believed that hemispheric
dominance was based on functional asymmetry--on the differences in function of the
two sides of the brain and of specific regions within them. In the face of the prevalent
belief that cerebral dominance lacked an anatomic correlate, work over the past three
decades has conclusively established that cerebral dominance is based on asymmetries
of structure. An example of this is the early detectable asymmetry in the human brain
that involves the upper surface of the posterior portion of the left temporal lobe, the
planum temporale. The larger size of the left planum temporale reflects the greater
extent of a particular temporoparietal cytoarchitectonic area on the left. There are
other asymmetries in the human brain and the same applies to the findings throughout
the animal kingdom. In addition to genetics, several other factors in the course of
development, both prenatal and postnatal, influence the direction and extent of these
structural differences.™

Associations of anomalous cerebral dominance include not only developmental
disorders such as dyslexia, autism, stuttering, mental retardation, and learning
disorders, as well as some extraordinary musical, mathematic, athletic and other
talents”, but also alterations in many bodily systems including the immune system.
In these situations, the same influences that modify structural asymmetry in the brain
also modify other systems such as the immune system. The suspected molecular
mechanisms involved in the influence of structural asymmetry on the development of
immune reac<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>