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Preface

Although a strikingly modern account of multiple (disseminated) sclerosis
was given by Charcot more than one hundred years ago, we are still not
sure of the precise nature of the disease, still less of any precise mode of
management. Even diagnosis is at best ‘probable’. This collection of essays
examines the particular difficulties which beset the problem and have mili-
tated against the solution—problems of data collection and evaluation;
clinical and biochemical vagaries and unanswered questions; laboratory test
prediction of the disease, etc. Experts in their fields have set out the difficulties
and way forward as they see them, and there must necessarily be overlap or
contradictions which underline our lack of knowledge. Cleatly no attempt
can be made to cover more than a very few aspects of the problem (a further
volume is planned to review other areas not covered here, in particular the
relationship between multiple sclerosis and experimental allergic encephalo-
myelitis)—but it is hoped that the ‘softness’ of much of the data we have to
work upon will become apparent.

It is intended that this volume should clearly differ from the large number
of monographs and reports of symposia dedicated to multiple sclerosis in
bringing out the shortcomings of our approaches, and in some respects our
naivities rather than our individual brilliancies. It may help to answer the
general physician’s question why neurologists have been so long in coming
to grips with multiple sclerosis and above all it is hoped that it may direct
younger workers coming into the field of neurology towards what is now a
central problem medically, socially, economically and intcllectually.



‘Kreutzigen sollte man jeglichen Schwirmer im dreissigsten Jahre,
Kennt er nur einmal die Welt, wird der Betrogene der Schelm.’
Goethe: Venedige Epigramme

‘Si quelquefois les savants ont moins de préjugés que les autres hommes ils
tiennent, en revanche, encore plus fortement 3 ceux qu'ils ont.’
Jean-Jacques Rousseau, 1765

‘Zu alten Zeiten sind der Entwicklung der Medizin hauptsichlich zwei
Hindernisse entgegengetreten, die Autorititen und die Systeme.’
R. Virchow, 1856

“The most difficult things to explain are those which are not true.’
A. S. Wiener, 1956

“Those who fetch from hypothesis the foundation on which they build their
speculations may form indeed an ingenious romance, but a romance it will

still be.”
Roger Cotes. Preface to 2ud edition of Newton’s ‘Principia Mathematica’, 1713

‘Der Geist der Medizin ist leicht zu fassen;
Thr durchstudiert die gross’ und kleine Welt,
Und es am Ende gehen zu lassen,
Wie’s Gott gefillt.’
Goethe: Faust 1



Foreword

Although multiple sclerosis has been known for more than 100 years, we
still have no real knowledge of the fundamental nature of the illness and
still less of any rational method of handling it. The hope expressed by
Charcot at the time of his classic description, that the physician would one
day learn the secret of the spontaneous remission and harness it to therapeutic
purposes, has so far remained quite unfulfilled.

The great hopes and expectancies raised by the discoveries of Rivers and
his associates in the mid-30s of what soon came to be called ‘experimental
allergic encephalitis (EAE)’ have not solved the riddle of MS. Although EAE
has proved to be a powerful stimulus for investigations of immunologic
phenomena considered analogous to those developing in the course of MS,
a heuristic experimental model which rapidly yields results applicable to the
human situation has yet to be found.

Even the diagnosis is never certain until thorough post-mortem examina-
tion of the brain and spinal cord has been completed, so that the real extent
of the disease, the data derived from epidemiological and genetic studies, as
well as the results of immunological and biochemical investigations neces-
sarily carry a built-in ‘uncertainty principle’. This situation is not unique to
MS; medical research in many fields requires that we recognize clearly the
obstacles which stand in the way of gathering firm data on which to build,
whilst at the same time keeping an open mind upon new and speculative
ideas, provided always that they are open to refutation and therefore of
scientific validity.

The selection of essays presented here makes no pretence to cover the
vast field of MS studies. Necessarily restricted to topics of particular interest,
it will be of value not only as an explanation of the special hazards in this
research, but also in bringing them once more before many of those who are
themselves engaged in the effort and need from time to time to be reminded
of some of the assumptions upon which they work. Of course many readers
will find their particular interest not discussed or inadequately treated. I hope
they will be indulgent and accept this as inherent in the nature of this book,
which may engender considerable discussion and reassessment of premises
accepted as the valid basis in many areas of current MS-research.

H. ]. BAUER,

Professor and Director, Department of Neurology,
University of Géttingen, Germany

Chairman, Medical Advisory Board of the
International Federation of Multiple Sclerosis Societies



Special difficulties of the multiple sclerosis
problem

E. J. Field

More than one hundred years have gone by since Charcot gave a strikingly
modern, clinical and pathological account of multiple sclerosis (MS). Indeed,
as Fog points out (Chapter 2), a very great deal of subsequent writing
amounts to little more than expansion of Charcot’s descriptions as detail has
been filled in, and recognition of the truly protean manifestations of the
disease. ‘Ideas about the cause of multiple sclerosis have long been the
weathercock of medicine swinging from one fashionable and unproven
theory to another, pointing most recently towards a virus infection which
seems to be related to measles’ (Lancet!); still more recently the small trans-
missible agent first described by Carp et al.2 has also been adopted as a
contender by the same journal (Lancet®)}—though both Carp and Henle
et al.# are very far from making such claims. Burnett, remarking that ‘more
than one editor interested in the changing pattern of medical science has
commented on the influence of fashion in the interpretation of disease’,
singles out MS as ‘an example which, at the moment, is moving from auto-
immunity to slow virus infection without any really legitimate reason for
the change’. Perhaps it is true today that ‘slow virus’ gives the verbal satis-
faction which ‘autoimmunity’ did a decade ago. The twin ideas of ‘auto-
immunity’ (rather broadly interpreted) and ‘slow’ infection remain the
pivotal ideas (with various combinations) around which modern thinking
about aetiopathogenesis has evolved. Genetic aspects of MS have been
relatively neglected®, though it would be remarkable if, practically alone
amongst diseases known to medicine, ‘diathesis’ (a term which used to
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2 MULTIPLE SCLEROSIS

conceal our ignorance of human genetic mechanisms) played no role in the
evolution of the disorder.

It is of interest transcending the immediate problem of MS, to examine
the causes, general and special, that have so long delayed real advance in
our understanding of the discase, and to single out some for more detailed
study since they continue to operate.

Untestable hypotheses (aus der Luft gegriffen) abound in the literature of
MS, many being based on uncritical acceptance of ‘soft’ facts and data.
Every possible category of disease process has had its advocate, and the
modern rush to expound phenomena in terms of molecular biology, with
its accompanying aura of ‘science’, has generated its own speculations. Whilst
the making of hypotheses is often an essential preliminary to insight, only
those which offer refutable predictions will guard against degeneration into
an encumbering mythopoiesis’. Above all, such exercises must be grounded
on ‘hard’ facts and for a variety of special reasons these are particularly
difficult to establish in the field of MS investigation. The situation is com-
pounded by the tendency, by no means limited to MS (or even medicine
as a whole), to confuse observation (even when accurately made) with
interpretation and hypothesis. Amongst the reminders which should be
prominently displayed in the research worker’s laboratory is one to the
effect that ‘of all scientific instruments available, reasoning is perhaps the
least reliable’: and facing him as he enters his laboratory might be Claude
Bernard’s aphorism, ‘Put off your imagination, as you put off your over-
coat, when you enter the laboratory. But put it on again, as you put on
your overcoat, when you leave.’

Some of the more important difficulties will be briefly introduced, their
explanation being considered in detail in individual chapters.

Important difficulties in MS

Diagnosis

First and foremost stands the difficulty in recognition—in other words,
diagnosis. The truly protean picture of the disease, especially in the early
stages, has been commented upon by Fog (Chapter 2). To this must be added
the problems posed by formes frustes—cases which after initial symptoms
or signs never apparently progress (Charcot) so that the classic ‘dissemina-
tion in time and space’, which makes six or seven cases out of ten so simple
to diagnose, is absent. Indeed McAlpine? pointed out that approximately
one patient in 20 is free from fresh symptoms for 15 or more years following
the first symptoms, and this initial latent phase tends to be especially long
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after an onset with retrobulbar neuritis. Experienced neurologists have
estimated a 209, revision rate of their primary diagnosis? 1°, and something
over 4 years generally goes by between initial symptoms and definitive
diagnosis. Diagnosis, indeed, is only assured at autopsy (and may then well
depend upon thoroughness of examination), so that many cases are classed
as ‘probable’ or ‘possible’. The essentially benign character of MS in many
patients (‘If a remission may last 30 years, why not a lifetime?’11) with
minimal presenting symptoms makes it probable that what comes to the
neurologist is the ‘tip of an iceberg’ of cases.

The problem is made worse by uncertainty as to the nature of retrobulbar
neuritis (RBN) unaccompanied by other signs, since the proportion who
later develop symptoms and signs of MS has been variously reported
between 11°5%, and 85%> 13. Optic neuritis, especially in older patients,
may, of course, arise from a number of causes (diabetes, vascular disease,
pernicious anaemia, and others) and, in the absence of a distinguishing
laboratory test for MS (see British Medical Journal'#), presents problems of
prognosis. To RBN may be added neuromyelitis optica (Devic’s discase)
and obscure encephalitis in childhood where diagnosis is often made only
reluctantly because of the rarity of the condition (see brief review by Field!s).

Laboratory tests (spinal fluid, especially oligoclonal IgG bands [see Chapter
6), flicker fusion tests, etc.) give no absolute diagnosis and the recent linoleic
acid depression (LAD) test!® may yet provide rare exceptions (see section

below).

Epidemiological ascertainment

Allied to diagnostic difficulties are those of epidemiological ascertainment which
make the precise magnitude and distribution of the problem imprecise.
This problem has been dealt with both at the fundamental and detailed
level in a masterly fashion by Doctors John Kurtzke and Milton Alter.
Differences in interpretation and ‘acceptability’ of evidence come to light
and the reader may well have the feeling that, as with archaeological dis-
coveries, some new finding may appreciably alter outlook.

It is well recognized, for example, that the number of cases uncovered
depends very much upon the enthusiasm and obsession of the investigator.
There are also differences in opinion as to the most efficient (or even correct)
manner of handling the statistics once they are obtained (see discussion by
Hyllested!?, Kurtzke8, Leibowitz!9 and others). Kurtzkez0 has recently
evaluated critically accepted surveys of world distribution and classified
studies according to the standards of ascertainment observed. His excellent
papers should be considered for details. Such an established observation as
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the variation in frequency of MS with latitude requires modification and
reassessment. Kurtzke writes . . . there is little evidence for a direct cor-
relation . . . (of distribution of MS) with latitude, and such correlations, to
be meaningful, need to consider longitude as well. At latitude 40° north,
for example, MS is of high frequency in America, medium in Europe, and
low in Asia. Accordingly, the worldwide distribution of MS is best regarded
as comprising three bands or zones of high, medium and low risk or
frequency. ...

To the forme fruste referred to above, cases of MS totally undiscovered
during life, but revealed at postmortem examination, add further in-
accuracy to the ascertainment of cases. Whilst every neuropathologist has
encountered instances of misdiagnosis, their extent is indicated by the oft-
quoted series of Georgi?!, who found only 69-7% of MS cases correctly
diagnosed at autopsy (out of a series of 15 644 postmortem examinations).
In 18-29, it was an adventitious finding. Two of his 66 cases were, indeed,
accident deaths unsuspected of the disease during life. Vost et al.?2 found
5 of 440 brains examined for the presence of infarcts following heart disease
to have MS (only one having had any neurological disturbance recorded).
Ghatak et al.23 have also recorded unsuspected MS at autopsy. Clearly there
must be many more cases than diagnosed, and much will depend upon the
enthusiasm with which the brain is studied (likely to be low!) in subjects
who die from non-neurological disease. These circumstances undetline the
element of uncertainty which necessarily attaches to even the best epidemio-
logical studies, especially those involving comparisons of prevalence upon
which aetiological theories are constructed, for example the occurrence or
nature of some exogenous infective agent.

Earliest lesion of MS

Opportunities for the direct study of the earliest lesions in clinically recent
MS cases are few, though this difficulty is in some measure alleviated by the
frequent occurrence of clearly ‘young’ lesions even in established cases.
Charcot?* had no doubts when he wrote: ‘Incontestablement, la multiplica-
tion des noyaux et hyperplasie concomitante des fibres réticulées de la
névroglie sont le fait initial, fondamental, 'antécédent nécessaire; 'atrophie
dégénérative des éléments nerveux est secondaire, consécutive; elle a déja
commencé 3 se produire lorsque la névroglie fait place au tissu fibrillaire,
bien qu’elle marche alors d’'un pas plus rapide.” Others, too, have been
impressed with the precocious and seemingly disproportionately large
activation of macroglia?s=28, It is of special interest that Lumsden?9, in his
beautiful review of the neuropathology of MS based upon direct personal
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experience, also combats the ‘tradition’ teaching that gliosis—commonly
qualified as reparative gliosis—follows demyelination and maintains that
‘gliosis probably begins simultaneously with the demyelination’ (p. 278).
(Incidentally, his illustration (Figure 64) shows minimal perivascular in-
filtration, though it is elaborated at some length.) A central ‘hard’ fact
relating to MS lesions is their undoubted development around small blood
vessels30-33, None of the clear and detailed descriptions of lesions?9: 34 35
stress perivascular infiltration of small veins with lymphocytes or plasma
cells, and indeed Adams and Kubik3 found no such perivascular exudate
in the earliest lesion they studied with an estimated age of 2 days, nor did
Zimmerman and Netzky37. The author has seen eatly lesions with no more
than sudanophilic macrophage accumulation and no small round cell in-
filtration. The very beautiful but highly selected photographs offered by
electronmicroscopists, purporting to show direct lymphocytic attack upon
myelin, cannot be evaluated without some indication of the frequency with
which such appearances (themselves open to interpretational differences)
can be seen (see, for example, Lampert and Kies® and Field and Raine3: 4°)
—the latter authors examined 84 representative lesions in the guinea-pig
and 130 blocks in the rhesus monkey. Field and Raine#® point out that
‘seldom is some estimate given in a description of the frequency with which
a given phenomenon has been encountered, and photographic evidence
of one good example may lead to quite misleading estimates of the regularity
of a process’. They found cellular attack upon myelin sheaths (though not
necessarily an initiatory phenomenon) much more common in the monkey
than in the guinea-pig. This may, of course, merely be an expression of the
insult to the nervous tissue which could have been damaged by some
immunological reaction going on in the vicinity as an ‘innocent bystander’
in much the same way as platelets may be affected under similar conditions*!.
Certainly the frequency with which direct cellular attack upon myelin
sheaths can be seen unequivocally either in the light or electronmicroscope
does not suggest that it can be a frequent or important primary event in
myelin destruction, and it is chiefly those who are most attracted to the
delayed hypersensitivity EAE model of MS who see the primacy of lympho-
cytic action (see below).

Genetic studies in MS

Despite our long-standing awareness that MS is § to 20 times more common
in the near relatives of a patient than in the surrounding general population,
genetic studies have been much neglected in the Anglo-American literature,
though many papers have appeared from continental European authors.
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Indeed, it is the monograph by Curtius*> which has served as the point of
departure for modern studies.

Twin studies, which might be expected to shed clear light on any genetic
component in MS, are ‘beset by ascertainment and diagnostic difficulties
and are . . . inconclusive’ (Myrianthopoulos’). With the ‘most rigid
diagnostic standards’ 15:4%, of monozygotic twins have been reported
concordant whilst 10-3%, of dizygotic twins were also concordant. How-
ever, as Mackay and Myrianthopoulos* point out, even if MS were com-
pletely genetic in origin, monozygotic twins could not be expected to show
more than 50%, concordance at any particular time, because of the dis-
tribution of age of onset. Moreover, in making a twin study it is necessary
to follow the non-MS member throughout life and verify the absence of
lesions at autopsy—something which has certainly never been done.

However, the growth of HLA-typing methods associated with organ
transplantation has stimulated much work on the association of specific
diseases with a known tissue type. Fog (Chapter 2) reviews some of this
work which promises to make a major contribution to our knowledge of
the backcloth against which MS evolves. Here it may only be noted that
this work again underlines the importance of the LD (lymphocyte-deter-
mined) rather than the SD (serum-determined) factors.

Coupled with the study of tissue type preponderance in MS has been the
realization over the past few years that immunological response is genetically
controlled* by Ir gene(s), which are closely allied to the MLC (mixed
lymphocyte culture) and MHS (major histocompatibility system) com-
plexes, and that they are susceptible of experimental analysis. Since it is
difficult to evade the conclusion that an immunological reaction contributes
in some measure to the clinical picture of MS at some stage of the disease,
it appears likely that, as long recognized in the case of so many diseases, MS
develops against a background predisposition, which itself may (in part at
least) be determined by immunological responsiveness.

Cellular sensitization studies in man

These have been hampered by the absence of a reliable, quantitative and
reproducible means of estimation*s. The well-tried lymphocyte transforma-
tion method is too coarse, whilst the macrophage migration inhibition
method# and its descendant, the leukocyte migration method of Seborg
and Bendixen*” and Sgborg*3, is insufficiently sensitive# to pick up sensitiza-
tion readily demonstrable by the macrophage electrophoretic mobility
(MEM) tests®- 51, This method, depending upon a recruitment phenomenon
amongst lymphocytes, which did not belong to the original very small
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percentage of specifically sensitized cellss? is exquisitely sensitive and dis-
criminatory. It has the disadvantages, however, that it is totally dependent
upon a supply of healthy non-sensitized guinea-pigs and makes (especially
in the training stages) considerable demands upon the patience of the observer
as he acquires skill. (However, it may be possible to substitute tanned red
blood or even other cells for normal guinea-pig macrophages as indicator
cells, and this will greatly simplify the whole procedure.) On the other hand,
the MEM method can evaluate with assurance the uniformly low MLR
between unrelated MS subjects as compared with non-MSs3, which is made
out only ‘on average’ by classical lymphocyte co-cultivations+.

Experimental allergic encephalomyelitis (EAE)

This is commonly regarded as the animal model for MS, and a statement to
this effect often introduces papers on the subject (and applications for grants).
Certainly the mechanism of EAE (which remains elusive) may well be
relevant to the development of MS, though there are considerable species
differences in the degree of ‘demyelination’ produced. Carnegie (Chapter 6)
has indicated the complexity of the ‘encephalitogenic antigen’ in EAE and
(putatively) in MS, and the advanced chemical techniques and concepts
which have in recent years been recruited to the study of myelin com-
ponents and enzymes. In guinea-pigs, for example, demyelination has been
said not to occurss, though the author has seen it on rare occasions in the
spinal cord (with persistence of axis cylinders)ss, whilst in monkeys it is
commonly a destructive process leading to granuloma formation. Much
depends upon the tempo of the process, and recently it has indeed been
possible to produce experimental lesions in rhesus monkeys, more closely
resembling MS plaques than any previously reported, by repeated adminis-
tration of small doses of human encephalitogenic factor (EF) with Freund’s
complete adjuvant, over a period of 18 months's. More experiments along
these lines (preferably in chimpanzees) need to be carried out, since the
regular establishment of real MS-type lesions in an experimental model
would be a major step forward, though, as Kersting and Pettes? point out,
true MS changes may be species-specific and the most we may hope for
from animal experimentation is insight into the mechanisms at work.
Certainly the pathological findings of Uchimura and Shirakis8 and Shiraki
and Otanis? in patients who had survived the acute phase of a neuro-
paralytic accident during the Pasteur prophylactic treatment for rabies show
that the human nervous system is able to react in much the same way as
that of experimental animals, though the striking lesions so closely re-
sembling MS plaques were rejected by Lumsden® largely on the grounds
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that they were monophasic and represented the closed episode of EAE
rather than the continuing MS pathological process. The same may be said
of the massive lesions described by Jellinger and Seitelberger®! in the brain
of a man who had been treated for Parkinsonism with repeated injec-
tions of bovine brain.

The clinical course of MS

This introduces special difficulties in the assessment of any therapy which
might itself throw light upon the causation of the disease (as for example,
liver and B, , therapy in pernicious anaemia and subacute combined degenera-
tion of the spinal cord).

Double-blind trials of ACTH in the long term%64 have not shown the
drug to be of benefit. Despite this, long-term treatment with ACTH (some-
times not in very small doses) is still employed by some physicians. Any
‘double-blind’ trial is necessarily prolonged, time-consuming and tedious.
However, quite recently Millar et al.% established an important landmark
in the history of MS in reporting that supplementation of the diet with sun-
flower seed oil, in a properly controlled double-blind trial over the space
of 2 years, had a statistically significant effect in reducing the number and
severity of attacks of MS (though not the gradual downward trend). In the
100 years the disease has been known, this is the only long-term treatment,
properly tested, from which any benefit has been shown (although, of
course, claims for untested treatments abound). As such, Millar’sés find-
ings are in urgent need of testing (and retesting), but they do appear to
indicate a way forward, and will be considered in some detail below. If
substantiated they may indeed be said to have transformed the therapeutic
outlook in MS, and perhaps, as will appear, herald a rational prophylactic
therapy (Chapter 9).

Not least amongst the difficulties inherent in MS research are two which
stem from human nature. ‘Cure’ or even ‘amelioration’ and still more
prophylaxis for a disease which has been pronounced for 100 years to be
‘incurable’, immediately engenders considerable scepticism and a heavy onus
of proof is allotted to anyone who proposes new ideas. Only patient clinical
research can overcome this scepticism and this takes time.

The second factor is the need to obtain funds for research and the ‘partial
view’ which may be (quite unconsciously) taken in presenting the facts of
MS. An outstanding example of this recently has been the very great em-
phasis laid upon measles as a causative agent in MS. At the time of writing,
the Carp-Henle agent has engendered much (not very substantially based)
optimism.
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The difficulties outlined above, ranging from so fundamental a step as the
certain recognition of MS cases through ‘softness’ of many of the facts, to
failure to develop an unequivocal experimental model of the disease either
from the angle of an immunological reaction or a ‘slow’ infection of the
nervous system, account for our tardiness in making progress. However,
what would appear to be a real step forward has been made in the last five
years, and where this leads will be considered in the chapters devoted to
unsaturated fatty acids and their significance.

References

1. Lancet (1974). Measles and multiple sclerosis, 1, 247

2. Carp, R. L, Licursi, P. C., Merz, P. A. and Merz, G. S. (1972). Decreased per-
centage of polymorphonuclear neutrophils in mouse peripheral blood inoculation
of material from multiple sclerosis patients. J. Exp. Med., 136, 618

3. Lancet (1976). A milestone in multiple sclerosis, 1, 459

4. Henle, G., Koldovsky, U., Koldovsky, P., Henle, W., Ackermann, R. and Haase,
G. (1975). Multiple sclerosis-associated agent: neutralisation of the agent by human
sera. Infect. Immunol., 12, 1367

s. Burnett, Sir McF. (1972). Autoimmunity and Autoimmune Discase, p. 170 (Lancaster:
MTP)

6. Myrianthopoulos, N. C. (1970). Genetic aspects of multiple sclerosis. In P. J.
Vinken and G. W. Bruyn (eds.) Handbook of Clinical Neurology, vol. 9. Chapter s,
p- 86 (Amsterdam: North-Holland)

7. Popper, K. R. (1965). Conjectures and Refutations; The Growth of Scientific Know-
ledge, 2nd edition (London: Routledge and Kegan Paul)

8. McAlpine, D. (1955). In D. McAlpine, N. D. Compston and C. E. Lumsden
(eds.) Multiple Sclerosis, (Edinburgh and London: E. and S. Livingstone)

9. Tourtelotte, W. A. (1974). International symposium on multiple sclerosis.
O. Andersen, L. Bergmann, and T. Broman (eds.). Acta Neurol. Scand., 50,
suppl. 58, 63

10. Fog, T. (1974). International symposium on multiple sclerosis. O. Andersen,
L. Bergmann, and T. Broman (eds.). Acta Neurol. Scand., 50, suppl. 58, 63

11. Brain, W. R. (1936). Prognosis of disseminated sclerosis. Lancet, ii, 866

12. Kurland, L. T., Beebe, G. W, Kurtzke, J. R., Nagler, B., Auth, T. L., Lessell, S.
and Nefzger, M. D. (1966). Studies on the natural history of multiple sclerosis.
The progression of optic neuritis to multiple sclerosis. Acta Neurol. Scand., 42, 157

13. McAlpine, D., Lumsden, C. E. and Acheson, E. D. (1972). Multiple Sclerosis:
A Reappraisal, 2nd edition. (Edinburgh: Churchill Livingstone)

14. British Medical Journal (1975). Leading article, 3, 265

15. Field, E. J. (1975). Multiple sclerosis: relation to scrapie and slow infection, ageing
and measles. Acta Neurol. Scand., 51, 285

16. Field, E. J., Shenton, B. K. and Joyce, G. (1974). Specific laboratory test for
multiple sclerosis. Brit. Med. J., 1, 412

17. Hyllested, K. (1972). Discussion of the epidemiology of multiple sclerosis. In



I0

18.

19.

20.

21.

22,
23.
24.
2s.
26.
27.

28.

20.

30.
3L
32.
33.
34.

35

36.

MULTIPLE SCLEROSIS

E. J. Field, T. M. Bell and P. R. Carnegie (eds.). Multiple Sclerosis. Progress in
Research (Amsterdam : North-Holland)

Kurtzke, J. F. (1972). Discussion of the epidemiology of multiple sclerosis. In
E. J. Field, T. M. Bell and P. R. Carnegic (eds.). Multiple Sclerosis. Progress in
Research (Amsterdam: North-Holland)

Leibowitz, U. (1972). Discussion of the epidemiology of multiple sclerosis. In
E. J. Field, T. M. Bell and P. R. Cainegie (eds.). Multiple Sclerosis. Progress in
Research (Amsterdam: North-Holland)

Kurtzke, J. F. (1975). A re-assessment of the distribution of multiple sclerosis.
Part I, II. Acta Neurol. Scand., 51, 110, 137

Georgi, W. (1961). Multiple Sklerose. Pathologisch-anatomische Befunde
multipler Sklerose bei klinisch nicht diagnostizierten Krankheiten. Schweiz. Med.
Wochenschr., 91, 605

Vost, A., Wolochow, A., and Howell, D. A. (1964). Incidence of infarcts of the
brain in heart disease. J. Pathol. Bact., 88, 463

Ghatak, N. R., Hirano, A., Littmaer, H., and Zimmerman, H. M. (1974).
Asymptomatic demyelinated plaque. Arch. Neurol., 30, 484

Charcot, J. M. (1872). Maladies du systéme nerveux, I: de la sclérose en plaques
disséminée. Anat. Pathol. (Paris: Delahaye)

Miiller, E. (1904). Die multiple Sklerose des Gehirns und Riickenmarks. (Jena:
Fischer)

Anton, G. and Wohlwill, F. (1912). Multiple nicht eitrige Encephalomyelitis und
Multiple Sklerose. Z. Ges. Neurol. Psychiatr., 12, 31

Jacob, H. (1969). Tissue process in multiple sclerosis and para-infections and post-
vaccinal encephalomyelitis. Int. Arch. Allergy, 36, suppl. 22

Field, E. J. (1967). The significance of astroglial hypertrophy in scrapie, kuru,
multiple sclerosis and old age, together with a note on the possible nature of the
scrapie agent. Dtsch. Z. Nervenheilkd., 192, 265

Lumsden, E. C. (1970). The neuropathology of multiple sclerosis. In P. J. Vinken
and G. W. Bruyn (eds.) Handbook of Clinical Neurology, vol. 9, p.217 (Amsterdam:
North-Holland) .

Rindfleisch, E. (1863). Histologisches Detail zu der grauen Degeneration von
Gehim und Riickenmark. Virch. Arch. Pathol. Anat., 26, 474

Putnam, T. J. (1937). Evidences of vascular occlusion in multiple sclerosis and
‘encephalomyelitis’. Arch. Neurol. (Chicago), 37, 1298

Fog, T. (1964). On the vessel-plaque relationship in the brain in multiple sclerosis.
Acta Neurol. Scand., 40, suppl. 10, 9

Fog, T. (1965). The topography of plaques in multiple sclerosis, with special
reference to cerebral plaques. Acta Neurol. Scand., 41, suppl. 15

Borst, M. (1903). Dic multiple Sklerose des Zentralnervensystems. Ergeb. Allg.
Pathol., 9, 67

Dawson, J. W. (1916). The histology of disseminated sclerosis. Trans. R. Soc.
Edin., 50, 517

Adams, R. D. and Kubik, C. S. (1952). The morbid anatomy of the demyelinating
diseases. Am. J. Med., 12, 510



SPECIAL DIFFICULTIES OF THE PROBLEM II

37.

38.

39.
40.
41.
42.
43.
44-
45-
46.
41.
48.
49.
50.

SI.

52.

53.
54-

55-

56.

57.

Zimmerman, H. M. and Netsky, M. G. (1950). The pathology of multiple
sclerosis. Pub. Ass. Res. Nervous and Mental Dis., 28, 271

Lampert, P. and Kies, M. W. (1967). Mechanism of demyelination in experi-
mental allergic encephalomyelitis of guinea-pigs. An electron microscopic study.
Exp. Neurol., 18, 210

Field, E. J. and Raine, C. S. (1966). Experimental allergic encephalomyelitis: an
electron microscopic study. Am. J. Pathol., 49, 537

Field, E. J. and Raine, C. S. (1969). Experimental allergic encephalomyelitis in the
thesus monkey: an electron microscopic study. J. Neurol. Sci., 8, 397
Humphrey, J. H. and Jacques, R. (1955). The release of histamine and s-hydroxy-
triptamine (serotonin) from platelets by antigen-antibody reactions (in vitro).
J. Physiol., 128, 9

Curtius, F. (1933). Multiple Sklerose und Erbanlage (Leipzig: Thieme)

Mackay, R. P. and Myrianthopoulos, N. C. (1966). Multiple sclerosis in twins and
their relations. Final report. Arch. Neurol. (Chicago), 15, 449

Bennaceraff, B. and McDevitt, H. O. (1972). Histocompatibility-linked immune
response genes. Science, 175, 273

Bloom, B. R. (1971). Int vitro methods in cell-mediated immunity in man. N. Engl.
J. Med., 284, 1212

David, J. R, Al-Askari, S., Lawrence, H. S., and Thomas, L. (1964). Delayed
hypersensitivity in vitro. J. Immunol., 93, (2), 264, 274

Seborg, M. and Bendixen, G. (1967). Human lymphocyte migration as a para-
meter of hypersensitivity. Acta Med. Scand., 181, 247

Seborg, M. (1968). In vitro migration of peripheral human leucocytes in cellular
hypersensitivity. Acta Med. Scand., 184, 135

Hughes, D. and Paty, D. (1971). Lymphocyte sensitivity in cancer. Br. Med. J., 2,
770

Field, E. J. and Caspary, E. A. (1970). Lymphocyte sensitisation: an in vitro test
for cancer? Lancet, ii, 1337

Caspary, E. A. and Field, E. J. (1971). Specific lymphocyte sensitisation in cancer:
is there a common cancer antigen in human malignant neoplasia? Br. Med. Js2,
613

Camegie, P. R., Caspary, E. A., Dickinson, J. P., and Field, E. J. (1973). The
macrophage electrophoretic mobility (MEM) test for lymphocyte sensitisation :
a study of the kinetics. Clin. Exp. Immunol., 14, 37

Field, E. J., Shenton, B. K. and Meyer-Rienecker, H. (1976). Mixed lymphocyte
reaction in multiple sclerosis. Acta Neurol. Scand., 54, 181

Killen, B., Low, B. and Nillson, O. (1975). Mixed leukocyte reaction and HLA
specificity at multiple sclerosis. Acta Neurol. Scand., 51, 184

Freund, J., Stern, E. R. and Pisani, T. M. (1947). Isoallergic encephalomyelitis and
radiculitis in guinea-pigs after one injection of brain and microbacteria in water-
in-oil emulsion. J. Immunol. 57, 179

Field, E. J. (1966). Transmission experiments with multiple sclerosis: an interim
report. Br. Med. J., 2, 564

Kersting, G. and Pette, E. (1957). Zur Pathohistologie und Pathogenese der



12

$8.

59.

60.
61.
62.
63.

64.

6s.

MULTIPLE SCLEROSIS

experimentellen, ‘allergischen’ Encephalomyelitis des Affen. Desch. Z. Nerven-
heilkd. 176, 387

Uchimura, I. and Shiraki, H. (1957). A contribution of the classification and patho-
genesis of demyelinating encephalopathies with special reference to the central
nervous system lesions caused by preventive inoculation against rabies. J. Neuro-
pathol. Exp. Neurol., 16, 139

Shiraki, H. and Otani, S. (1959). Clinical and pathological features of rabies
post-vaccinal encephalomyelitis in man. (Relationship to multiple sclerosis and to
experimental ‘allergic’ encephalomyelitis in animals). In M. W. Kies and E. C.
Alvord (eds.) Allergic Encephalomyelitis, p. s8. (Springfield, Ill.: C. C. Thomas)
Lumsden, E. C. (1961). Consideration of multiple sclerosis in relation to the auto-
immunity process. Proc. R. Soc. Med., 54, 11

Jellinger, K. and Seitelberger, F. (1958). Akute tddliche Entmarkungsencephalitis
nach wiederholten Hirntrokkenzelleninjektionen. Klin. Wochenschr., 36, 437
Miller, H., Newell, D. J., and Ridley, A. (1961). Multiple sclerosis: trials of main-
tenance treatment with prednisolone and soluble aspirin. Lancet, i, 127

Fog, T. (1965). The long-term treatment of multiple sclerosis with corticoids.
Acta Neurol. Scand., 41, suppl. 13, 1

Millar, J. H. D., Vas, C. J., Naronha, M. J., Liversedge, L. A. and Rawson, M. D.
(1967). Long-term treatment of multiple sclerosis with corticotrophin. Lancet, ii,
420

Millar, J. H. D., Zilkha, K. J., Langman, M. J. S., Payling-Wright, H., Smith,
A. D, Belin, J. and Thompson, R. H. S. (1973). Double-blind trial of linoleate
supplementation of the diet in multiple sclerosis. Br. Med. J., 1, 765



2

Clues from clinical features

Torben Fog

Introduction

The symptomatology and course of MS as described by Charcot! is so
complete that subsequent literature may be considered largely as differentia-
tion only regarding type, frequency and quantitation. However, opinions
about the unique character of the disease soon began to emerge before the
beginning of the twentieth century. The terms primary and secondary
sclerosis appeared and with increasing knowledge of clinical neurology and
neuropathology a wealth of variation was described, nowadays under the
heading demyelinating disease. As regards MS proper, that is, the classical
picture, any neurologist with special interest in this unpredictable disease
hardly escapes the temptation to differentiate his own MS patients into
different subgroups—until now a frustrating procedure, depending largely
on the author’s opinion. The difference in age and type of initial symptoms,
covering a span from below 10 years of age (Allison and Millar2, Poskanzer
et al.3: 03%, below the age of 10) to over 6o years of age (see Kurtzke,
p- 204); the varied clinical signs and symptoms from any part of the central
nervous system; the atypical proved MS cases included; the difference in
course and prognosis: all this seems to represent multiplicity rather than
unity. The term multiple sclerosis, with stress upon multiple, seems very
suitable.

The signs and symptoms of MS have been described in detail over the
years in many books and journals, and need not be repeated here. The
reader may be referred, for example, to the excellent and detailed description

13
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by McAlpines.6 and to Kurtzke’s chapter 4 on the clinical manifestations of
MS in the Handbook of Clinical Neurology*.

Onset of the disease

The classical type of MS is characterized by two phases, the episodical
phenomenon, called attack or relapse, as defined by McAlpine; and the
interval between such episodes. To the patient, and to most neurologists
who are mostly consulted on account of symptoms of disability during such
episodes, stress is laid upon this phenomenon, though it is well known that
some cases (according to most authors about 10%,), are characterized from
the very onset by a progressive course without relapses. In some studies the
diagnosis has only been accepted when relapses have occurred. However,
studies by different methods during the last few years have clearly proved
that much is going on in the central nervous system on a subclinical level.
Analysis by more or less sophisticated methods have shown that the attack
or relapse may only be considered as the tip of the iceberg. It is possible to
demonstrate anomalies in the function of parts of the CNS in patients with-
out any complaints or demonstrable neurological signs or symptoms from
such areas. This problem will be discussed later. The episodical phenomenon
will be mentioned briefly.

The onset of MS generally occurs in two different ways. One is as an
attack or bout, as another expression of an attack, acute or subacute. The
second is as a slowly progressing condition. McAlpines.6 has analysed the
mode of onset in 219 patients in whom it was recent enough to be recalled
in detail, 179, among these 219 cases developed their symptoms fully in a
matter of minutes, 229, in a matter of hours, in other words no less than
nearly 409, revealed an apoplectiform beginning. Now in cases of hemi-
plegia as the first bout, however seldom this seems to occur, one wonders
how many cases of so-called cerebrovascular accidents in young women are
initial symptoms of MS, and not due to suspected contraceptive medication!

The clinical manifestations of the first—and later—attacks or relapses
(defined by McAlpine as an appearance of a new symptom at any time after
the initial attack or the return of a previous symptom) have been described
in full detail by McAlpines. ¢ and Kurtzke (see above).

Difficulties relating to the type of the onset bout, to the time of the onset
bout, as well as to the number of bouts per year—the so-called relapse rate—
are worth considering, as both duration of disease and activity of disease is
generally based upon such parameters in studies of MS.

Of course, most patients must consider the initial bout as the first mani-
festation of their disease, especially in the case of a remarkable sympto-
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matology, for example an optic neuritis or a paraparesis. It is a common
experience that in retrospective analysis, and this is the most common
method in any hospital record, or at the first consultation of the neurologist,
the answers given by patients to the question about the first symptom may
differ from one time to another. Relatives of the patient may often supply
information which deviates from the patient’s own opinion. In a disease
like MS, characterized by a number of plaques in silent areas of the brain,
and with demonstrable subclinical activity, any calculation regarding dura~
tion of the disease must be taken with reservation. The tendency in some
studies to consider the onset of the disease back to several years before the
clearcut clinical manifestations must be taken seriously.

Let us look upon some studies from modern literature and from our own
studies. The following tables show the onset of MS as judged by different

authors.

Table 2.1

McAlpined, p. 135, has given the following incidence of
initial symptoms based on figures given in the literature,
symptoms occurring alone or in combination roughly as

follows:

Motor weakness 40%
Optic neuritis 229,
Paraesthesiae 219%,
Double vision 129%
Vertigo/vomiting 5%
Disturbance of micturition 5%
Other types (hemiplegia, trigeminal

neuralgia, facial palsy, deafness) below 5%,

Our own material, like most cases from the literature, is also based upon
a retrospective analysis, together with some cases, known from the beginning
(prospective studies). In all we have determined the onset in 190 computer-
designed cases of definite and probable MS cases, 154 with an acute or sub-
acute beginning (58 males, 96 females) and 36 cases characterized by a gradual
onset (17 males, 19 females).

The symptoms in Table 2.2 were registered as percentages of neurological
deficit for each symptom, alone or in combination with other symptoms.

Table 2.2 shows that motor symptoms dominate both in cases with acute
onset and of slow progress. Next come sensory symptoms, again repre-
sentative of long tract involvement. Disturbances in balance are especially
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Table 2.2
Acute onset Slow onset
% %
Optic neuritis 15°58% 2-78
Disturbance of vision 584 II°11
Double vision 974 o)
Trigeminal symptoms 1-95 278
Facial paresis 130 o
Hearing disturbances 065 2-78
Oblongata symptoms 1-30 )
Vestibulocerebellar symptoms 260 o
Vertigo (unspecified) 6-49 556
Disturbance of balance 779 2222
Motor tracts 2662 61°11
Sensory tracts 37-01 2777
Sensory disturbance of trunk 390 1)
Bladder symptoms 325 278
Headache 1°30 o
Nausea, vomiting 1°9% 1)
Mental symptoms 1'30 o
Other cerebral symptoms 3-90 o
Lumbago 065 278
General sense of malaise 1-30 556

* The percentage of neurological deficit for each sign or
symptom

seen in cases with a slow progress. This term is used by the patients them-
selves. Of course, different types of neurological deficit lie behind this
complaint. Other symptoms are less frequent except for visual symptoms.
In all, 359 of both groups have visual complaints. Some of them may be due
to optic neuritis, but the term optic neuritis has only been used in cases
with verified optic neuritis.

Both our own and McAlpine’ss-¢ analyses are, as mentioned, based upon
retrospective and prospective studies. However, Kurtzke’st material is
unique. He has studied §72 male patients with definite or possible MS over
a period of 20 years. He divided this material into two groups A and B,
group A representing those who had a separate bout prior to the bout at
which their diagnosis of MS was made, and group B, those in whom the
diagnostic bout was the onset bout. Neurological examinations were avail-
able for the onset bout in 50 of the 293 men in group A, and in 219 of the
234 in group B.

In Kurtzke’s table 174, p. 184, the percentage frequencies for types of
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neurological deficit found at examination in the onset bout was as follows
(see Table 2.3).

Table 2.3
Type Group A Group B
Pyramidal 45 88
Cerebellar 44 77
Brainstem 47 73
Sensory 42 55
Optic signs 24 23
Bowel/bladder 8 19
Cerebral-total 9 20
Cerebral-mentation 2 2
Other 8 15

Kurtzke discusses these figures. Group B seems to be more severely
affected than group A. Again we are seeing the dominance of motor signs,
even if brainstem attacks are equal or almost equal to the long tract attacks.
What seems remarkable is the high number of cerebellar signs in both
groups. Neither in McAlpine’s nor in our material is so high a representation
of cerebellar symptoms to be found. All Kurtzke’s patients were male but, as
far as I know, no difference exists in symptomatology between men and
women. However, the high percentage of long tract and brainstem sympto-
matology in Kurtzke’s patients, compared to our and McAlpine’s series
demonstrate the difficulties in drawing conclusions from retrospective com-
pared to a pure prospective quantitative analysis. In our studies in the course
of MS7, the same distribution was found but we had only 73 cases in this
study.  ~

The so-called relapse rate, postulated as a parameter for severity of the
disease, and indicating the number of relapses per year, is varyingly reported
as between 02 and 1-158, a rather wide range which seems unfitted for
statistical analysis. To this may be added the circumstance, that this relapse
rate tends to vary with time. A tendency to a decline in relapse rate as time
goes by is often mentioned.

Lhermitte et al.9 have not been able to confirm this postulate in their
studies of over 800 cases of MS from the Salpétriére and it must be accepted
that no correlation is demonstrable between number of relapses and severity
of disease?. On the contrary, in several cases showing only slight or no
progress, the number of relapses may be rather high.
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‘Silent® MS

The lack of correlation between clinically manifest symptomatology and
neuropathology is apparent from studies of either so-called ‘silent cases’ of
MS, and from modern electrophysiological studies in MS. Even if some
cases of ‘silent MS’ as described by Mackay and Hirano!® may be due to
only a small number of plaques in the CNS, we all know unexpected cases
of MS. Studies of this type are in progress in this country. Particularly re-
markable is the study by Georgi'’. Among 15 644 autopsies at the Basle
University Hospital 66 cases of MS were found. Among these 12 cases from
the clinical records were unexpected. However, most of these were not
studied by a neurologist, but the records deviated in a remarkable way
from MS. Cases showing a dominance of cerebral symptomatology,
especially progressive dementia, are well-known too. McAlpinet mentions
such cases (p. 183). One of our own patients was treated in our department
under a diagnosis of cryptogenic epilepsy and dilantin intoxication, verified
by blood analysis. He died suddenly and was found to have typical MS
in the brain. In another case, the clinical picture was dominated by a pro-
gressive dementia. The pathological diagnosis of MS was a great surprise
to us.

Much activity may take place in the CNS without apparent clinical mani-
festation in the sense of a relapsing-remitting symptomatology. Modern
electrophysiological studies as well as the well-known heat-provoking tech-
nique have unveiled such activity.

The recording of evoked potentials in MS patients has been used in
demonstrating lesions in the CNS, both by visual, auditory and somato-
sensory stimulation from the cervical cord and from the bladder, even in
patients without knowledge of visual auditory or bladder symptoms.
Halliday et al’ found, by recording evoked potentials from the scalp
using a special photic stimulation, a delay both from the affected eye in
optic neuritis patients, even with full clinical recovery as in MS patients.
There were delays from one or both eyes in 90%, of the patients, including
21 out of 23 patients with normal optic discs. This method is so sensitive
that it may be the single most reliable method of detecting optic nerve
damagets15. Another ‘optical’ method which registers the electrically
elicited blink reflex may be useful in unveiling silent lesions localized in
the ponst6. Somatosensory-evoked potentials were recorded by Small and
Matthews!? from surface electrodes over the cervical cord and somato-
sensory cortex in 14 patients with MS, after electric stimulation of the
median nerve. For details the reader may be referred to McDonald3 in
which auditory-evoked potentials are mentioned. William E. Bradley has
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recorded abnormally evoked potentials from the bladder in MS cases, with-~
out any known sphincter disturbance (personal communication). A sur-
prising number of auditory and vestibular aberrations have been found in an
extensive study by Noffsinger et al.1® of 61 cases of MS using advanced
technical audiological methods. This study proves more activity in the
central paths of both the auditory and vestibular pathways, more than in the
acoustic nerve itself. Studies of ocular responses to optokinetic stimulation in
MS are in progress in Denmark® and in England. With electronystagmo-
graphy subclinical lesions of the median longitudinal fasciculus can be
detected.’3

An especially convincing method of detecting subclinical lesions in MS
is the heating procedure. In 1955 Dr Jens Edmund and the author published a
paper: Visual and motor instability in MS?2°. We noticed in a suspected MS
male patient that his vision declined during walking. We had no knowledge
of Uhthoff’s sign. We therefore tried to see if physical work had any influ-
ence upon visual acuity in other cases of MS. For practical reasons we gave up
using a cycle-ergometer. We therefore tried to see if heating had any influ-
ence because we knew from the first-mentioned patient that sweating cor-
related with a decline in visual acuity. We therefore put MS patients in a
heat cabin, with electrical light, as used by physiotherapists, and to our
surprise not only did vision decline but other signs and symptoms ap-
peared or reappeared. We were able to reproduce a reappearance of reflex
abnormalities, for example a Babinski reflex or a disturbance in the position
sense. But motor function especially was influenced by heat. We sometimes
saw a formidable increase of the degree of paresis, almost imitating a
myasthenic crisis. Shortly after cooling these aggravations disappeared. This
heating procedure has been studied by Davis et al2* and by Michael and
Davis?2. They used an analogous technique but the body temperature was
monitored. The authors confirmed the decline in visual acuity, correlated to
body.temperature, but what is of special interest here is that they have made
serial testings in three patients for periods of up to 7 months. These testings
revealed marked fluctuations in thermal sensitivity at times when the
patients’ overt clinical status was essentially stable. In two patients recently
recovered from clinical exacerbations, there was a heightened response to
hyperthermia that gradually reversed during days or weeks. They concluded
that the manifest signs and symptoms only reflect a portion of the extent
and activity of the underlying pathology ‘like the tip of an iceberg’. This
conclusion coincides with our opinion in our own studies. A plaque or a
group of plaques exists at a given time. The extent of a plaque and the
symptoms it arouses are determined both by topographical localization in
the CNS and also by the size of the vein or venules involved. New symptoms
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as well as an exaggeration of old symptoms may be due to a flaring up of the
activity in the old plaque, as well as a purely functional disturbance without
inflammations, but may also be a consequence of the formation of new
plaques around the neighbouring veins. The old argument that the fresh
changes are found in the periphery of the plaques may be due to artificial
phenomena. As shown in the drawing which I sent to Lumsden during a dis-
cussion a few years ago and which Lumsden, McAlpine et al. published in
their book®, p. 587, a cutting at the periphery of the coalescing veins will
show the fresh changes in the periphery only. The coalescing of the peri-
phlebitic changes produced the same changes as on the borderline between
fresh tissue and the plaque.

Relapses and Fluctuations

In the daily clinic it often seems impossible to differentiate between a ‘real’
relapse, duc to pathological activity in the tissue, and a flaring-up of old
symptoms, as in temporary exacerbations. A flaring-up of old symptoms
may last for more than some days or even weeks without any proof of a
pathological activity in the tissue. Fluctuations in the function of the CNS
are highly dependent upon both exogenous and internal circumstances, not
least in a diseased tissue. Our chance to have a stable function is highly
dependent on normal functioning nervous tissue. Some patients tell them-
selves that they feel that their state is fluctuating periodically, over weeks. A
few patients consider this as a more or less rhythmic change. Everyone
acknowledges the fluctuations of both symptoms and signs during the course
of the disease. Most patients talk of differences in their power and ability
during day and at evening time. Many patients feel much better at night
and may even be able to walk, though they have to use a wheelchair during
the day. The same patient is one day able to lift up his stretched leg to
60 or 80° and the next day to only 30 or 40°. The rhythmic changes have
been mentioned. They are seldom so striking as in one of our female patients
who behaved in a very ladylike way most of the time (her true character),
but whose behaviour changed dramatically with the approach of menstrua-
tion. She then behaved almost like a prostitute, advancing upon unsuspecting
male patients and male personnel in the waiting-room. These episodes got
more and more psychotic as time went on and one day she drank ether
and died during such an episode.

The fluctuations in the clinical state outlined above make it difficult to
draw definite conclusions from single examinations with long intervals in
any study of MS. This problem will be analysed in more detail later. Here
we will discuss the discrepancy between pathological lesions and clinical
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manifestations a little more, in relation to our possible failure even to
diagnose MS, and attempt to draw some conclusions regarding both preval-
ence, incidence and duration of the disease.

The presence of abortive cases of MS is worth mentioning in this connec-
tion. The well-known problem of optic neuritis as an abortive case of MS
may throw some light upon this topic. Several studies have been published
in which the problem of the percentage of cases of optic neuritis which
eventuate as MS has often been studied. The figures vary from 89%, to over
70%. No doubt the only way to clarify this important problem is to make
prospective studies. It seems so important because mostly the diagnosis of
optic neuritis is so clearcut, in contrast to several episodes in CNS-disease,
especially when appearing at the onset of the disecase.

A thought-provoking case was demonstrated by Andersen, myself and
Hyllested?3 at the MS symposium in: Newcastle upon Tyne in June 1971
(more details at the Scandinavian Congress of Neurology, Oslo, 1973). A
female had a span of 45 years free from any neurological complaints between
an attack of optic neuritis, combined with hemisensory symptoms, which
had appeared and remitted one year before the optic neuritis and her death.
She died from a coronary thrombosis. The autopsy showed numerous
small plaques throughout the whole brain, with the typical localization. In
the diseased optic nerve only about 409, of the optic fibres were preserved.
Her vision was said to be normal! And as mentioned she had no complaints
from the CNS during 45 years.

The problem of the existence of abortive MS cases can be lightened by
mentioning the recent studies by Sandberg-Wollheim et al.2¢ who in col-
laboration with the tissue-typing laboratory in Rigshospitalet, Copenhagen,
made HLA and LD typing in $4 monosymptomatic optic neuritis cases, in
a prospective study. They have found increased frequencies of the HL-A,7
and LD-7a determinants of approximately the same magnitude as in patients
with MS. Arnason and Chelmicka-Szorc?s were unable to confirm an
increase in HLA typing 3-7 in optic neuritis patients who did not develop
into MS. However, the Scandinavians also studied the LD-7a type; 48%,
of these 54 optic neuritis cases showed this type, compared to 60%, in MS
and 189, in the normal population.

In a later publication Sandberg-Wollheim26 has focused on the changes
in the cerebrospinal fluid in 61 patients with acute monosymptomatic optic
neuritis and their clinical course. Among these the above-mentioned 47
cases are included. Her conclusion is that in 51%, a mononuclear pleocytosis
was noted at the onset of the disease, but only in 41%, was oligoclonal IgG
demonstrable. Among the 11 cases who later developed MS, § showed
the typical disease-pattern in the fluid. In § more patients with subsequent
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MS, an oligoclonal IgG appeared in the follow-up, but there was no cor-
relation between the time of appearance of new symptoms and fluid changes.
In 6 patients with normal fluid and 4 patients with pleocytosis at onset, the
IgG pattern became oligoclonal during the follow-up although the patients
had no further symptoms or signs of MS. The patients were between 15
and s years at onset, 21 were males and 40 women. The follow-up period
ranged from 7 months to 6 years (mean 2-6 years). These figures may be
compared with those of Link and Miiller?” where an increase of IgG was
found in 739, of 64 cases; and an oligoclonal IgG in 8699, of 84 definite
MS cases?®, and in 949, of 64 MS patients??. Sandberg-Wollheim concludes
that a normal cerebrospinal fluid in optic neuritis does not preclude later
development of MS. Among the 11 later MS cases, 6 did not have an
oligoclonal IgG at onset, but in s of these this change appeared later.

Possibly the cases with normal spinal fluid are ‘younger’ than are those
with oligoclonal bands and represent the real first onset of the discase. But
at present we have no means of determining this point.

Evaluation of clinical condition and prognosis

We must conclude from these studies that the clinician is in a singularly
difficult position when studying the duration of the disease and trying to
evaluate the intensity of pathological change in the CNS. He may adopt
the point of view that they have to define which cases to choose, as has been
done by Schumacher et al.29, and to define the probability of diagnosis as
made by Allison and Millar?, or by McAlpine®. This problem was thoroughly
discussed at the Gdteborg Symposium, 19723°. For epidemiological studies
it seems necessary to have such clearcut definitions, but it seems too re-
strictive to accept cases only showing two or more episodes of worsening
(relapses) in any clinical study. The different criteria must be taken as a whole,
and we must also accept cases as ‘possible MS’, as defined by McAlpine®,
p- 202, Generally the experience of the clinician will be decisive, and it is
always difficult to define or assess it. However, in attempting to understand
what is going on in the CNS and how much is going on, it seems necessary
to follow the patients during long-term studies. The most important in-
formation we may get from such studies is an idea of the intensity of the
pathological process, rather than of real duration and only rarely of precise
localization. ,

The diagnostic problem is in itself perhaps more difficult to solve than
many neurologists are aware of during their daily work. Some of these
have been discussed above, but others remain. The differentiation between
some cases of so-called familial MS and pure hereditary central nervous
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system disease, especially of recessive heritability type, seems to cause much
trouble, not least in the genetic field. The important role of spinal fluid
changes in MS is well known, but does not seem to have been studied in
hereditary CNS disease. However, I want to emphasize the periphlebitis
retinae as a useful diagnostic procedures and the retinal striae, described by
Hovt32 and confirmed by McDonald®3, following a retrobulbar neuritis,
perhaps undiagnosed, should become a help to the clinician.

Another new diagnostic procedure by using the EMI-scan seems to show
a very promising help in the diagnosis of MS. Gyldensted3s made studies in
110 cases from our clinic and was able to demonstrate areas of low X-ray
attenuation, mostly around the anterior and posterior horns of the lateral
ventricles in 41 cases (37%). These areas may represent the well-known large
periventricular plaques and were never seen in any other neurological
disease. They were sometimes found even in isolated areas of the white
matter of the hemispheres. The contours of these low-absorption areas cor-
respond beautifully to the plaques, especially by delineating the areas on
the computer’s maps (Figures 2.1 and 2.2).

What I would like to emphasize is what I call the progressive stage of the
disease. I find it most important to document not only relapses but also
what is going on between these episodes. The progressive stage may be
defined as a more or less fluctuating state but as a whole with a downbhill
course, rather independent of clinical circumscript periods of new, or
flaring-up of old, symptoms, followed by remission.

In our book? about the course of MS in 73 computer-designed cases we
have tried to study this stage, based upon a semiquantitative documentation
of neurological deficits at repeated examinations, with different intervals,
usually about 3 months.

In drawing curves of the course we have been able to approximate these
curves with different mathematical functions. This was done on account
of the demonstrable relatively frequent levelling of the peaks in the curves.
This was a surprise because a more stepwise progress would be expected, if
the clinical curves should follow a sequelae of relapses. Of course any curve
may be made to approximate to a mathematical function, but in studying
the slope of the curves, we were able to extrapolate backwards the year
which the patient himself had told us that the course had begun to show a
rather downhill progress. In making an extrapolation forwards into the
future, the curves have foreseen the degree of medical impairment during
these future years.

The different mathematical functions need be mentioned only briefly.
For details the reader may refer to our book?. We have used the following
functions: 2 linear, 2 exponential, 1 logarithmic, 1 parabolic, 1 hyperbolic
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Figure 2.1 EMI-scanning from MS case. Absorption-counts from the computer (sce
text)
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Figure 2.2 EMI-scanning from another MS case (see text)
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and 3 polynominal (second, third and fourth degree) curves. We have made
correlation determinations and used the curve with the highest correlation
coefficient as the ‘best’.

In our original work we found that no less than 65 among 73 curves may
be determined so precisely that it is possible to conclude something about
this type of study. This material has been followed up during the years and
has been analysed from a statistical point of view by Linnemann34. The
course, following the exponential type of curve as used by us originally,
seems unsuited to a judgement over the years since it follows too steep a
course. Another type of exponential progress curve may, however, be useful.
Altogether, 15 out of 18 linear curves followed the original inclination
(83:8%), 4 out of 5 of the logarithmic type, and 12 out of 16 parabolic
curves continued their course; 23 patients belonged to the exponential curve-
type mentioned, but only 6 followed the expected course. The other patients
had died or left the study or had deteriorated so badly that a scoring was
impossible. This analysis shows the relative steadiness of the progress which
may be an important point in the pathogenesis of the disease.

SCORING NO.5.
ear MET!. DECA. ACTH. ACTH, PRED. ACTH.  PRED.
sof  |— 1K FHH HH
e o 7
52
48}
a4}
40t
36
32p
28}
24t
20t
t6f
12t
8 -
4 3

I i 1 i -

1959 1960 1961 1962 1963 1964

Figure 2.3 Remittant and progressive, rather malign case, registrated from 1959 to
1964. She died 1965 verified by autopsy (adapted from Fog and Linnemann?)

If the low absorption areas demonstrated by the EMI-scan are identical
with the plaques, as they seem to be, the approximation to the low absorp-
tion of the fluid in the ventricles may indicate a steady progress in the
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disintegration of the tissues within the plaques. From a neuropathological
point of view the cystic type of these old plaques indicates a process which
again may determine the even downbhill course of the disease. Studies in the
morphology of several cerebral plaques, especially the great plaques, seem
to disclose a degeneration of both myelin sheaths and many axis cylinders.
The glia-proliferation is localized to the periphery of these areas, like any
other scar. The old hypothesis by Putham (for literature see Fog3) of a
venular obstruction causing the plaque may be reconsidered. Theoretically
the outflow may be blocked by immunecomplexes, locally produced.

The histocompatibility system and multiple sclerosis

During June 1976 an international meeting took place in Paris concerning
the so-called HLA system and its role in human disease generally. A special
session was devoted to neurology and this was dominated by MS, which
enables us to give a short view of our knowledge today about this new
approach to MS research.

The reader is referred to the report from this meeting concerning the
theoretical background of the HLA system and its aspects®. A short view
may be read in the editorial article in the Archives of Neurology37. The histo-
compatibility system is localized to all cell surfaces and is composed of
antigens that from a chemical point of view are glycoproteins. A number of
experimental studies have shown that these genes control immune responses
or they may possibly serve as receptors for viruses.

The histocompatibility system is controlled by genes localized on chromo-
some number 6. Originally these genes were divided into one group named
the LA-locus, another named the FOUR-locus, each representing a number
of different genes, determined by serum reactions (therefore named SD
antigens) and a third locus, the LD locus, determined by a mixed lympho-
cyte reaction, that is, genes possibly controlling cellular immunity. These
loci have now got a new practical nomenclature as follows: The A, B, C
and D-locus, for LA, FOUR and D for LD-locus. The C-locus seems to
have only small importance in MS. However, an I-a-like antigen named
B-cell alloantigen ‘Ag7a’ is coding for antibodies to B-lymphocytes (see
below, page 30). The D-locus is determined by a so-called one-way mixed
lymphocyte reaction and its demonstration is limited by the claim to have
homozygous stimulator cells in the MLC procedure, and these homozygous
cells are not so easy to obtain.

The following conclusions came from the Paris meeting36:

(1) So far studies of HLA antigens in familial MS cases have shown that
MS is not a genetic disease in the classical sense. This is in accordance with
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the general genetical aspect of MS. However, these studies are still in~
complete. Almost no studies in the D-locus exist in families, and the need
of a reliable proof of the diagnosis of MS in the families examined has not
been established versus hereditary CNS diseases, especially the types with
recessive heritability.

(2) A clear association exists between MS and the D-locus, earlier named
the HLA7a, now the DW2. This has been confirmed by several investigators
from different laboratories, studying populations from the Caucasian races
and has even been found among some black MS patients in the USA. The
DW?2 allele is found in about 60 to 70%, of MS cases among Caucasians
compared to less than 20%, in non-MS people.

An association may exist between the course and prognosis of MS and
the presence or absence of the DW2 allele in the patient. The most severe
and fast-progressing cases are found in the DW2 group. These studies must
be enlarged and scrutinized to see if a new classification of MS may be
based on such studies.

(3) An increase in serum antibodies to different viruses, especially measles
virus, shows in some studies an association to, in other studies no association
to, the HLA system in MS. More relevant are studies of the spinal fluid
measles antibody titre and the association to the HLA antigen, especially
the DW2 allele. The number of these studies is too small to permit definite
conclusions.

(4) New promising studies are going on in 4 different laboratories with
the Ag7a antigen coding for antibodies to B-lymphocytes. A high per-
centage of MS patients have demonstrated the presence of such antibodies.
Further studies are necessary before the presence of such antibodies can be
established in MS, as compared to controls and family members, and in
other neurological diseases. Wernet ef al.38 found this antigen present in 92
out of 100 cases of MS.

(s) The following hypothesis concerning the coding of an MS-associated
gene is given as follows: HLA-SDA3—HLA-SDB7-HLA-LDW2—
HLA-Ag?7a, in the order of increasing binding to MS, all more frequent
than could be expected by chance in the Caucasian population.

The interpretation of the studies of the HLA system in MS is difficult
and open to many speculations. An analogy to the demonstration of the
HLA-A8a (DW2) type in a special category of myasthenia gravis is evident.
Possibly this sytem determines the susceptibility towards certain exogenous
influences (virus?). Nevertheless, this association seems to be a well-established
fact.
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Clues to the cause based upon the
epidemiology of multiple sclerosis

Milton Alter

The primary goal of epidemiological research in multiple sclerosis (MS)
is to determine the environmental and host factors which are related to
the cause of this disease. These factors are sought by analysing MS frequency
in different populations and in different parts of the world. Over the last
half-century, a large literature has accumulated documenting differences in
frequency of MS among peoples and places’™3 and, if reasons for these
differences were known, then the list of possible environmental and host
factors related to the cause of MS could at least be narrowed. Therefore,
the observed differences in MS frequency can provide important clues to
actiology if their meaning were unravelled.

One consistent finding to emerge from epidemiological research in MS is
that this disease has an unequal geographical distribution. Since the mid-
1950s, it has been known that MS was more common in temperate than in
tropical areas of the world# 5. More recent studies of MS distribution intro-
duced methodological refinements but the general characteristics of the
geographical distribution have not been appreciably altered. Today, it is
generally accepted that MS increases in frequency with geographical latitude
both in the northerns and southern hemisphere?. Reviews!: 2 8 of the geo-
graphical distribution of MS have been published and Figure 3.1 summarizes
some of this information.

According to one interpretation?, the geographical distribution of MS
resembles a parabolic gradient (Figure 3.2) which increases sharply with
latitude. An alternative interpretation’® of these same data is that zones of

35



36 MULTIPLE SCLEROSIS

Figure 3.1 Worldwide distribution of multiple sclerosis by latitude (see 9)

varying frequency exist in different parts of the world. The latitude of the
zones may overlap considerably (Figure 3.3). According to the gradient
interpretation, MS should have the highest frequency at the extremes of
latitude. However, available data from communities in northern areas, for
example, northern Norway™! and Canada!z 13, suggest that MS may actually
be lower in frequency at extreme latitudes than in regions farther south14-16,
In Europe, MS appears to be highest in frequency in the central parts and
frequency decreases toward the north as well as south (Figure 3.4). An east—
west gradient may also exist in Europe!”. When the prevalence of MS is
plotted against geographical latitude in different parts of the world, remark-
ably similar gradients result (Figure 3.5).

Statistically significant variations in frequency have also been observed
over limited geographical areas, giving rise to the suggestion that ‘foci’ or
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Figure 3.2 Distribution of multiple sclerosis: selected data (see 9)

pockets of unusually high frequency may exist next to areas of much lower
frequency (Figure 3.6). A focus in Finland has been described recently by
Wikstrdm*8. His monograph reviews other foci of MS in northern Europe
as well. The highest rates of MS in Finland occur in the western and south-
western parts of the country, confirming earlier work by Panelius’®. The
Finnish focus was most marked when frequency rates of MS were calculated
by place of birth, rather than place of later residence of the patients, suggest-
ing that the period early in life may be most important in determining the
risk of MS. Wikstrém found a positive association in Finland between MS
frequency and tuberculosis deaths, whereas in Mexico, Japan and the United
States?, high MS rates were associated with low tuberculosis mortality.
Wikstrom also reported an association between high MS frequency and high
rates of nutritional muscular dystrophy in cattle, a disease attributed to low
vitamin E levels. His finding fits in with notions that MS risk is increased in
areas where vitamin E levels in the.diet are depressed, as for example where
the diet contains a large proportion of saturated animal fat?. 22,

The highest rate of MS in the world may exist in the Shetland and Orkney
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Figure 3.3 Band theory of distribution of multiple sclerosis (see %)

Figure 3.4 Prevalence of multiple sclerosis in Europe (see 17)



Figure 3.5 Prevalence of multiple sclerosis by geographical latitude () North America,
(b) among European and Afro-Asian immigrants to Israel and (c) in Australasia

Figure 3.6 Fennoscandian focus of multiple sclerosis (see ')
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Islands, off the coast of Scotland?3. A study in that area, now ongoing, is
seeking to explain the cause of this high rate. Preliminary results indicate
that it cannot be attributed simply to an emigration of well people nor to a
return of individuals with MS to their families on the Islands.

The notion that zones of varying frequency exist with overlapping geo-
graphical latitudes is weakened by recognition of the imprecision of available
methods of estimating frequency. Even if differences between areas are
‘statistically significant’, no amount of statistical manipulation can make up
for incomplete case finding, variations in diagnostic criteria and differences
in population structure (e.g. sex, age, and race) between different regions.
All of these factors can certainly affect the observed frequency and have
not often been taken into account. The data shown in Figure 3.1, for example,
are based on crude prevalence rates of MS without correction for age and
sex differences among the places compared. One attempt to refine the
estimate of MS frequency for better comparisons showed that age differences
among populations could not account for the observed differences in the
distribution of MS24. None the less, small differences in reported values of
MS frequency among regions should not be taken as necessarily meaningful.

If the ‘true’ distribution of MS were known, several advantages would
accrue: one could predict the frequency of MS in areas not yet studied
without conducting a tedious and expensive case-finding effort; it would
permit recognition of ‘deviant’ communities with either abnormally high
or abnormally low rates of the disease; and finally, it might suggest a
similarly distributed factor which was of aetiological importance.

Alter et al.9 have examined curves other than the parabola as possibly
descriptive of the ‘true’ distribution of MS and found that a fourth-order
curve (Figure 3.7) described the available data well. The fourth-order curve
showed low rates near the equator and frequency rose with latitude to a
maximum near the 50-60° parallels. Beyond these parallels, MS declined in
frequency and at the extreme latitudes to the north and south of the equator,
MS was again rare. A fourth-order curve could represent interaction between
two aetiological variables, each of which was distributed with latitude as a
second-order variable (i.e. x,2 x x,2 =x4).

Studies of MS frequency have now been carried out in most of the world
but there are still large regions (such as eastern Asia and Central Africa)
and even whole continents (for instance, South America) where no formal
studies of MS frequency in well-defined populations have, as yet, been re-
ported. These ‘dark’ regions will, no doubt, also be mapped in the future to
determine whether they follow the general distribution pattern for MS
found for most other areas or whether they are ‘deviant’.

Besides the regional variations which complicate the relationship between
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Figure 3.7 Worldwide distribution of multiple sclerosis: fourth degree regression of
frequency on geographical latitude (see 9)

MS frequency and latitude, there is evidence that all of Asia may have a low
rate of the disease. The best-studied example in Asia is Japan which has a
lower rate of MS than would be expected from latitudinal considerations
alone. Recent studies?s using thorough case-finding methods and standardized
diagnostic criteria have confirmed earlier reports that MS is rare throughout
all of Japan (Figure 3.8). But, even in Japan, a north-south gradient in MS
frequency exists?6. In other regions of eastern Asia?7-3° and among Orientals
living in continental United States!, relatively few cases of MS have been
observed. A total of eight Japanese-Americans with MS was found after
an intensive search by Detels ef al.32 in two counties in the state of Washing-
ton and in Los Angeles, California. This was far lower than expected on the
basis of the rate of MS in Caucasians living in these same areas. If the low
rate of MS in Orientals were confirmed, then reasons for the Oriental
‘resistance’ could be sought and another clue to the actiology of MS might
be at hand.

Clinical features of MS in different populations

In view of the marked differences in frequency of MS in various parts of
the world, there has been interest in learning whether the disease also
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Figure 3.8 Prevalence of multiple sclerosis in Japan (see 26)

differed in its clinical characteristics. However, there is surprising uniformity
in the clinical features of MS even in populations which differ markedly in
frequency of MS (Table 3.1).

A case series drawn from a particular hospital in Bombay, India3s, included
74 cases diagnosed over a 15-year period; of these, 2 were autopsy proven
and 15 (21%) were diagnosed as Devic’s disease or possible Devic’s disease.
Thus, Devic’s disease constituted a relatively high proportion of cases with
demyelinating disease in this Indian series compared to cases in western and
middle-eastern series. Also, in Japan, the proportion of Devic’s discase among
all demyelinating diseases was believed to be high34, but recent reports have
shown an apparent decline3s.

Changing diagnostic criteria were thought most likely to account for this
decline3s. However, high rates of acute transverse myelopathy during the
course of MS and optic nerve involvement at onset in Orientals has been
confirmed recently and bilateral optic ncuropathy was also more common
in Orientals than in Caucasians.

Optic neuritis, as an initial manifestation of MS, also seems to be more
common among Orientals in Hawaii®® and in Japan3? than in western
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Table 3.1 Initial symptoms of multiple sclerosis in diverse populations

Per cent Israeli immigrants*

Symptom Japant  US Army Series's¢  Miiller's6  Europe Afro-Asia
A* Bt
Motor 24 40 68 47 41 39
Sensory 15 34 52 22 13 8
Combined motor—sensory ~ — — - — 16 8
Visual 42 21 30 20 14 8
Diplopia II - — — 3 3
Cerebellar-vestibular — — — — 7 8
Sphincter — 8 23 20 2 3
Mixed — — — — 12 17
* Onset before induction into Army T Onset after induction into Army

countries and in Isracl®8, perhaps reflecting another difference in clinical
manifestation of the disease in different populations. Knowledge of the range
in clinical variation of MS among different populations is important because
it could explain apparent differences in MS frequency. For instance, if optic
neuritis or Devic’s disease were excluded and such cases happened to con-
stitute a higher proportion of demyelinating disease in a given area, a spurious
low rate of demyelinating discase in that area could result. Available
evidence suggests, however, that where MS is common, optic neuritis is
common; where MS is rare, optic neuritis is rare!8. In Finland!® and other
areas?? the frequency of optic neuritis and MS was significantly correlated.
The area with the highest MS rate in Finland (Vassa) was the same as the
area with the highest rate of optic neuritis, further supporting the conten-
tion of Kahana er 4l.38 that optic ncuritis cases should be considered in all
attempts to estimate the frequency of MS. Inclusion of all optic neuritis
cases in an arca would probably increase the apparent absolute frequency
of MS but would probably not alter the pattern of its geographical dis-
tribution. Kahana ef al.38 have shown that about one-third of patients with
an initial episode of optic neuritis will develop signs of dissemination within
10 years.

In many respects, the Indian series of MS which Singhal and Wadia33
reported and the Japanese series reported by Kuroiwa et al.?5 were similar to
series reported in other parts of the world, for instance, the average age at
onset was close to 30 years, there was a slight female excess of cases, the
proportion of severely disabled cases in the series and the spinal fluid findings
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(total protein, cell count and colloidal gold curve) were all similar to western
series (facilities for measurement of y-globulin in CSF were not available).
The basic similarities in clinical manifestation of MS worldwide imply a
similarity in aetiology as well.

Factors accounting for the distribution of MS

Investigators have displayed remarkable ingenuity in suggesting possibilities
to account for the unequal distribution of MS. Some of these notions will be
discussed, but first the validity of the data upon which current concepts of
the distribution of MS are based must be examined critically.

It was originally thought that the variation in MS frequency with latitude
was an artifact of the quality and availability of neurological care. This
suspicion seemed to be supported when gross recording errors were un-
covered in mortality statistics on MS, i.e. many cases of cerebral sclerosis
(meaning cerebral arferiosclerosis) were listed with MS under the same coding
rubric#0, Northern areas, where MS is common, had more trained neuro-
logists, on average, than southern regions where MS was allegedly rare. It
was argued that the north-south differences in MS frequency merely re-
flected differences in number of neurologists. When different neurologists
reviewed case material included in the epidemiological studies, there were
disagreements among them about diagnosis+.

To counter such criticism, various refinements in methodology were
introduced. At first, classification of cases in different areas was standardized
by requiring a review of clinical protocols by experts#2. Later, the same
research team of neurological experts, using identical criteria of diagnosis
and the same case-finding techniques, searched for and examined cases in
different regions#3. More recently, comparisons have been made of MS
frequency in a given area among populations of diversc origin?: 4446, In
the latter group of studics, any differences in frequency of MS among the
populations could hardly be attributed to an artifact of diagnosis or to
variation in thoroughness of case-finding, as the same group of doctors had
examined the patients, from all populations, in the same medical facilities.
A notable example of the analysis of MS frequency among diverse popula-
tions in a given area is Israel. In Israel, the same medical facilities are available
to all segments of the population. When an intensive case-finding study was
conducted among the diverse populations of Israel and frequency of MS
was plotted, a striking relationship between frequency and the geographical
latitude of the region of origin of immigrants to Isracl was found (Figure 3.9).
The Israeli study did much to win acceptance of the idea that the peculiar
distribution of MS was not artifactual.
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Figure 3.9 Prevalence of multiple sclerosis in Israel among immigrants and native-born
by region of origin (see 44)

Environmental factors in Aetiology

Because MS has an unequal geographical distribution, attention has been
directed to factors which vary with latitude in secking additional clues to
the cause of MS. A little thought yields a long list of factors which vary
with latitude and could be candidates for causing MS. Unravelling which
factors are really important and which are only incidentally or fortuitously
associated with MS is a difficult task. Therefore, a coherent theory of the
cause of MS woven from available epidemiological ‘threads’ remains a

challenge.

Climate

Because MS is common in temperate areas and rare in the tropics, climate
comes quickly to mind as one variable which might be important in MS.
However, climate is a complex variable and it is not easy to decide which
component of climate, if any, might be relevant. Sunlight is one factor
which is obviously related to climate and varies with latitude. The average
amount of sunlight per year in a given region has a high negative correlation
with MS frequency, i.e. the less sunlight per year in the area, the more MS.
One such correlation in Australia is illustrated in Figure 3.10. Acheson et al.47
found that sunlight correlated better than temperature with MS frequency
in the United States. Sunshine could exert its effect in a variety of ways:
directly, by influencing the viability of an organism causing MS, or in-
directly, by affecting the pattern of living in a given area in such a way as to
make MS more or less common.
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If an inverse relationship between MS frequency and sunlight really exists,
then MS should be highest in frequency at the extremes of latitude. How-
ever, as mentioned, there is evidence that MS may actually decrease in
frequency toward the far north9. Therefore, any relationship between sun-
light and MS would have to be complex. One would have to conclude that
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Figure 3.10 Prevalence of multiple sclerosis in Australasia and average hours of sunshine
(see ¥)

large amounts of sunlight, as occurs nearer the equator, and small amounts,
as occurs toward the extreme latitudes, are both associated with low rates of
MS. Only a particular amount of sunlight would be associated with high
rates of MS. These ‘optimally detrimental’ amounts of sunlight may be
present in temperate zones of latitude.

There are many weaknesses in assuming that even a complex relationship
between sunlight and MS exists. If sunlight were important in preventing
MS, seasonal variations in MS frequency should be found. There have been
several studies of onset and of exacerbation of MS in relation to season3s- 48: 49
but no consistent seasonal pattern has emerged. Sunlight cannot, at present,
be eliminated as an important variable in accounting for the distribution of
MS, but it does not appear to be a fruitful one upon which to base further
investigations designed to find the cause of MS.
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Diet

Diet certainly varies from region to region. What people eat influences some
disease patterns. It is hardly surprising therefore that diet has often been
examined as a possible cause of MS. Alter et al.5° have analysed the geo-
graphical distribution of various dietary components: total calories, total
grams of protein, the per cent calories of animal origin and the grams of
fats and oils consumed per capita, are all correlated with latitude (Figure
3.11 a, b, ¢, d). Also, each of these dietary variables has a distribution not
unlike MS (Figure 3.2). The highest coefficients of correlation were observed
with fats and oil consumption (Table 3.2). Alter et al.5° and Agranoff and

Table 3.2 Correlation between multiple sclerosis prevalence and daily
per capita intake

Correlation coefficient for

Nutrient 22 countries® 13 countriest Significance
Fats and oils 068 070 p<o1
Per cent calories animal origin 062 071 p<-or
Total calories 0-38 048 N.S.
Total protein 012 024 N.S.

* With known MS prevalence and per capita intake
1 With more reliable MS prevalence and per capita intake

Goldberg2! have discussed the mechanisms whereby diet could influence MS.
One of these possible mechanisms includes the effect of fat upon blood flow.
A high intake of fat increases vascular sludging. This sludging could produce
relative hypoxia distal to plugged arterioles and result in perivascular
demyelinations™—s4, The perivascular distribution of plaques in MS is cited
as support for such a mechanismss: 56.

A second mechanism is biochemical. Diet may influence the chemical
composition of myelin membraness7—61. A high-saturated fat intake, which
is characteristic of temperate regions where MS is common, could result in
less stable myelin membranes and a greater risk of demyelination. However,
chemical studies of central myelin in MS patients have not shown consistent
abnormalities2~65, and some chemical changes which have been found in
myelin of MS victims could be secondary to demyelination (see also Chapters
8 and 9).

A third mechanism relates diet to immune responsiveness. Diets rich in
animal protein may result in more competent immune responsiveness of the



Figure 3.11a Daily per capita intake of total calories and geographical latitude (120
countries) (see 5°)

Figure 3.11b Daily per capita intake of protein and geographical latitude (120 countries)
(see 59)



Figure 3.11¢ Daily per capita intake of calories of animal origin and geographical latitude
(120 countries) (see 5°)

Figure 3.11d Daily per capita intake of fats and oils and geographical latitude (120
countries) (see 5°)
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hosts6: 67, If MS were caused by an immune reaction of the patient against
his own myelin, as some investigators suspect6®: 69, then individuals in tem-~
perate regions who consume diets containing high proportions of animal
protein might be better at forming antibodies and would tend to have a
higher rate of MS. In areas where diet is marginal, MS would tend to be
low in frequency. Studies of disease patterns have shown an effect upon
immune responsivenessand disease susceptibility among marginally nourished
individuals?®. Dutz?! has suggested that poor diet early in life may pro-
foundly affect the development of host immunity, especially cell-mediated
immunity which is believed to be important in MS. A diet-related host
immunity could thus operate very early in life to influence the risk of MS.
Of all the mechanisms relating diet to MS, the one involving an interaction
with immune responsiveness appears to be most worthy of additional study
(see Chapters 8 and 9).

Toxins and deficiencies

The geographical distribution of MS has been correlated with geological
features of the earth in attempts to implicate a metallic toxin as a cause of
the disease?2. Such efforts were stimulated by observations in animals that
metallic content of the soil was a factor in swayback?s, another demyelinat~
ing disorder*. Swayback was caused by the possible interaction between
copper and lead. Lead itself has been considered7+ and this hypothesis seemed
to be supported by regional studies of lead content in the water source of
some victims of MS. Even the amalgam of teeth has not escaped attention as
a possible cause of MS and must be regarded as having some epidemiological
support in that patients, in one study at least, reported a higher frequency
of dental work than controls?s. A more complex theory involving a metallic
toxin interacting with vitamin D absorption and the geographical dis-
tribution of different food grains deficient in this vitamin has been offered
by Goldberg7s.

An industrial pollutant has also been considered responsible for causing
MS. Epidemiological data show high correlations between frequency of MS
and degree of industrialization of a society?”. Coefficients of correlation with
MS prevalence above 0-7 were found for factors such as steel consumption,
automobiles per unit population and electrification. The falloff of MS fre-
quency toward the extremes of latitude and the east-west differences in rate
of MS in Europe would fit the notion that some aspects in an industrialized

* Editor’s note: Few would agree that swayback should be classed as a ‘demyelinating
disorder’. It may be described as a dysmyelogenesis due to copper (and perhaps other
trace elements) in the diet of the ewe. (See p. 209).
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society predispose the population to higher rates of MS because the relatively
industrialized temperate zones of Europe have the highest rates of MS.

However, Japan would have to be considered an exception as it has a low
rate of MS despite the fact that it is highly industrialized. Conceivably, in
Japan, some other ‘protective’ variable such as the high fish diet or genetic
‘resistance’ could account for the lack of MS in that country.

The hypotheses implicating a toxin or a deficiency as a cause of MS are
noteworthy for their ingenuity rather than the weight of supporting evi-
dence. They could gain support or be refuted easily were an animal model of
MS available to permit experimental testing. It is difficult to prove or dis-
prove these notions among sufferers of the disease as they are obviously
being evaluated ‘after the fact’. None the less, it would be helpful in evaluat-
ing the idea that a toxin plays a role in MS were patients shown to have a
deficiency or excess of a particular metal in serum or CSF or brain, but
convincing evidence along these lines is lacking at present.

Sanitation

Interest in the possibility that MS might be an infection of the central
nervous system has grown in recent years?8. Epidemiological data were
reviewed for hints as to what the infectious agent might be. Poskanzer and
associates?? focused attention upon similarities between the geographical dis-
tribution of MS and poliomyelitis and suggested that an enteric virus, like
polio, might cause MS. A detailed analysis of the frequency of MS and of
various illnesses due to enteric pathogens was presented by Alter and
Olivares20. They concurred with Poskanzer and associates?9 that an enteric
pathogen could play a role in causing MS and showed that enteric illness
and other measures of water sanitation, like the quality of plumbing facilities,
had high correlations with MS frequency. Measures of water sanitation cor-
related better with MS than did measures of air quality (Table 3.3).

Alter and Olivares?° argued that the important aspect of the environment
in so far as the rate of MS was concerned was the quality of water sanitation.
It was postulated that in ‘sanitary’ environments contact with enteric
pathogens was delayed until later childhood or even adulthood. As in polio-
myelitis, later infection was postulated to be associated with a high incidence
of central nervous system involvement and a higher rate of MS.

The attractiveness of the sanitation hypothesis was enhanced by the
demonstration that industrialized areas with poor overall levels of sanitation
like Japan and Mexico City had low rates of MS. Thus, although these com-
munities were like ‘developed regions’ as regards level of industrialization,
they were like primitive areas in level of sanitation and in frequency of MS.
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Table 3.3 Frequency of selected diseases in several countries (adapted from?°)

Country—rate/ 105 population

Mexico* Japa* United Statest
Enteric diseases
Parasitic and infectious deaths 79 28 9
Gastritis and other enteric deaths 95 13 4
Dysentery deaths 12 2 02
Typhoid and paratyphoid cases 13 06 02
Respiratory diseases
Deaths due to:
Bronchitis 31 6 3
Pneumonia 140 24 34
Tuberculosis 22 23 s
Cases due to:
Tuberculosis 44 37 26
Influenza 299 1 —
Asthma 17 16 23

* Low MS rate
1 High MS rate

The sanitation hypothesis was also compatible with observations that MS
was more common within a given area among the socially advantaged than
among the poorer classes80-8 and among those with higher intelligence than
the less gifted (Figure 3.12). Those with higher socioeconomic status would
be expected to have higher levels of sanitation. The slightly but consistently
lower frequency of MS among blacks as compared to whites in several
communities of the United States could also be interpreted as compatible
with a sanitation-related factor in MS as whites, in general, enjoy a higher
socioeconomic status (and better sanitary conditions) than blacks in a given
area (Figure 3.13). In South Africa, the relatively low rate of MS among
whites despite a ‘sanitary’ environment was explained by the widespread use
of black nursemaids who return to their native (less sanitary) enclaves at nights.
These ‘nannys’ introduce the white South African infants eatly to the factor
(infection?) which protects them from MS84.

In Israel the native-born offspring of Afro-Asian immigrants were ex-
posed to an environment where the sanitary amenities were more European
than Levantine. It is noteworthy therefore, that MS frequency in the Afro-
Asians born in Israel resembled that of European immigrants (and native-
born offspring of Europeans) rather than Afro-Asian immigrants#.
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Figure 3.12 Case/control ratios by Army General Classification Test (AGCT) score at
induction for US veterans (adapted from 83)
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Lipid peroxide

A novel hypothesis of actiology has been presented by Mickel8s. He sug-
gested that the demyelination which produces the syndrome called MS may
be attributable to lipid peroxide absorption from the gut. According to the
hypothesis, lipid peroxide releases lysosomal peroxidases and enhances auto-
catalysis of polyunsaturated fatty acids in myelin. Central myelin contains
relatively little polyunsaturated fat. Oligodendroglia may have little anti-
oxidant and thus be especially susceptible to the action of lipid peroxides.

Enteric inflammation decreases the natural barrier to lipid peroxide absorp-
tion. Enteric viruses constitute a common cause of enteric inflammation and
in tropical areas, where MS is rare, enteric infections occur early in life after
which immunity to these viral agents exists. In temperate areas, where MS
is common, enteric viruses are encountered later and there is an increased
chance then of developing MS.

The adverse effect of peroxide absorption is increased where diets rich in
animal fat and, therefore, low in natural antioxidants, are eaten. The anti-
oxidants act as free radical acceptors and terminate the chain reaction of
lipid oxidation. High animal fat diets are common in regions where MS is
common and vice versa.

Where unsaturated fats which are mainly of vegetable origin are eaten,
linoleic acid levels in plasma are high, a condition which decreases platelet
adhesiveness. Some investigators® have reported low plasma linoleic acid
levels in MS and increased platelet adhesiveness might result from their
absorption of peroxidized fatty acids, especially peroxidized arachidonic
acid. The platelet aggregates plug capillaries and venules and account for the
perivascular distribution of demyelinated plaques.

Platelet peroxidase could be enhanced by oestrogens, as this hormone has
already been shown to enhance myeloperoxidase and uterine peroxidase and
thus accounts for the increased frequency of MS in women. The rarity of
MS in childhood could be due to the different enzymatic state of oligo-
cytes synthesizing myelin as compared to oligocytes merely maintaining
myelin.

Even the increased fragility of red cells86%® and their apparent increased
diameter in MS86%4 could be accounted for by peroxidation of erythrocyte
membranes. Also, peroxidized fatty acids could denature protein by attacking
sulph-hydryl groups and give rise to autoimmune reactions. Thus, exacerba-
tions in MS could occur from either or both peroxide absorption or auto-
immune reactions.

The above hypothesis is presented in some detail to illustrate how epidemio-
logical data concerning MS were integrated and accounted for. Leaving aside
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whether or not this particular hypothesis proves to be correct, it will be
necessary for any hypothesis to account in similar fashion for the epidemio-
logical ‘facts’ of MS.

Changing frequency of MS

An epidemiological test of any hypothesis implicating some aspect of de-
veloped environments would involve the observation of MS frequency over
time. An increasing incidence of MS over time, as industrialization and
modernization of a society proceed, would constitute support for the
hypothesis. Available information on MS incidence over time, shows re-
markable stability in the rate of this disease (Table 3.4). In many of the areas,
a stable frequency of MS exists though industrialization has occurred. For
example, Isracl has changed within a few decades from a rather primitive,
agrarian country to one which is quite developed. Yet, the incidence of MS
in Israel has been stable for at least the past 15 years.

Bird and Satoyoshi8? report an apparent increase in MS incidence in greater
Johannesburg, South Africa, and in Tokyo, Japan, during the period 1964
to 1970 and suggest that the increase might be due to introduction of an
‘infective element’ into the community from a high MS risk area. The
patients were derived from a private consulting practice in Johannesburg

Table 3.4 Average annual incidence of multiple sclerosis

over time!
Community Time period Rate/105 population
Rochester, Minnesota 190§-1914 5T
I9I5-1924 36
1925-1934 58
1935-1944 24
1945-1954 32
1955-1964 32
Israelis born in Europe 1950-1954 15
1955-1959 I3
1960-1964 11
Israelis born in Afro-Asia 1950-1954 08
19551959 07
1960-1964 08
Israelis born in Israel 19501954 1°4
1955-1959 1-8

1960—1964 1°3
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and from a single hospital in Tokyo and not from a community-wide survey.
Therefore, there is no way to exclude the possibility that the apparent
increase in MS in each community is not merely a reflection of increased
case referral to these neurologists who each admit to a special interest
in MS.

A population-wide survey of MS in Japan which included a collection of
cases in Tokyo showed a constant rather than an increasing incidence of
MS2 and thus did not agree with the results of Bird and Satoyoshi.8?
Follow-up studies of similar scope in Johannesburg are warranted before the
authors’ conclusions of an increasing incidence can be accepted.

In Johannesburg, during the last 3 years of the observation period, a slight
falling-off of the annual number of new cases of MS was noted but the
authors appeared unaware of the fact that such a falling-off is artifactual and
due to the cases which have become manifest but have not yet been diagnosed.
This artifact in population surveys has been discussed by Leibowitz and
Alter’ and necessitates a ‘backdating’ of prevalence, say of about 3-5 years
in any population study designed to assess frequency, because the average
delay from onset to diagnosis in MS is that long.

In an effort to salvage the hypothesis implicating some aspect of develop-
ment of the environment, it could be argued that insufficient time has
clapsed for the effect of modernization upon MS incidence to be discernible.
If an industrial pollutant affected risk of MS, and the effect were exerted
early in life, it might not be reflected in an increase in incidence of MS until
15 to 30 years had elapsed because the average age at onset of MS is about
30 years. Individuals who manifest MS now might have been affected by an
industrial pollutant introduced 15 to 30 years ago. The stable MS incidence
rate in Rochester, Minnesota, over some 6 decades's, does not necessarily
refute the industrialization hypothesis because Rochester, Minnesota, has
remained essentially a non-industrialized, rather rural type of community.
Virtually no heavy industry has been established in Rochester and, in many
respects, it is not unlike the rural town it was a half a century ago, though it
has grown considerably in size. Continuing and intensive medical surveil-
lance for MS in Rochester and Israel is in progress and future epidemio-
logical reports from these communities may help settle the issue of whether
industrialization or other modern developments in a community are associ-
ated with an increase in MS frequency.

Immigration and MS

More than 20 years ago*, it was recognized that immigrant populations
offered an opportunity to determine whether an environmental change
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might affect the risk of developing MS. By studying populations which
moved from one area to another, it might be possible to detect a change in
the frequency of MS as compared to those which remained in the original
environment. Only migration betwecn areas differing in MS frequency
would be suitable for detecting an impact of an environmental change on
risk of MS. Movement from one MS frequency area to another with the
same MS frequency would not be expected to alter risk of MS. Figure 3.14
diagrams possible vectors of migration. Only movement along the diagonal
vectors would be expected to alter the risk of MS, whilst the horizontal
migration vectors provide control data for the migration ‘experiment’.

Original Residence Later Residence

High MS frequency == ====w=gHigh MS frequency

Low MS frequency =======a Low MS frequency

Figure 3.14 Migration vectors

In order for a migrant population to provide suitable data, the population
has to fulfil 2 number of requirements. One of these is that the migrating
population must be large enough so that a sufficient number of MS cases for
analysis would be expected. Such migrant populations must number at least
100 000 individuals or more. A second requirement is that the immigrants
must have access to good medical facilities so that MS cases which occur
among them can be recognized and correctly diagnosed. Missing only 2
few cases of MS could give an erroneous impression about risk of MS in a
particular immigrant group. A third requirement is that demographic data
on the population be adequate. One must know the age and sex distribution
of the migrants as well as their year of immigration. Finally, an appropriate
control population is needed, composed of individuals who migrated from
the same area at the same time as the patients.

As might be expected, it is not easy to find migrant populations which
satisfy all of the above requirements, However, a few suitable populations
have been studied (Table 3.5). Most of the migrations listed in Table 3.5
occurred from higher to lower MS frequency areas. In these studies, the
migrants who moved from the high-frequency zone to an area of lower
frequency had a higher frequency of MS than the native inhabitants of the
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Table 3.5 Frequency of multiple sclerosis among
migrant populations by region of origin
and native-born inhabitants

Rate/105 population
Area Migrants  Native-born
Australia? 22
High-risk zones 25
Other zones 12
Israel4s 24
European 30
Afro-Asian II
South Africat47 6
United Kingdom 3
Central and northern Europe 48
South Europe 15
Elsewhere 9
United States
California:  Japaneset6 7
Other 30
‘Washington: Japanese?6 0
Other 90
Hawaii: Caucasian3 24 10
Oriental 7 9

new place of residence. Thus, migrants ‘carried with them’ the risk of their
original place of residence.

Populations which migrated from low to higher MS frequency zones
(ascending vector) are even less available for study. Kurtzke and Bui-
Quoc-Huong?®8 have sought cases of MS in France among those who im-
migrated from southeast Asia. Few cases of MS were found, suggesting that
populations migrating along an ascending vector also carried with them the
low MS rate of their place of origin.

The results of the latter study were recently confirmed by Dean and
associates®9. They studied MS frequency among immigrants to greater
London, England. Those who came to England from parts of the world
where MS was uncommon did not have an increased risk of developing MS.
Moreover, many from low MS areas who did have MS were offspring of
British forebears and might be presumed to have had a lifestyle (and/or
genetic constitution) somewhat different from those born in low-risk areas
of native forebears.
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While the data of Dean et al. are consistent with what has been reported
heretofore regarding risk of MS among immigrants, there are certain defects
in the design of their study. For example, they included patients who already
had MS prior to immigration. The average age at immigration was 38
years, whereas average onset of MS was 31 years. Moreover, the reference
population was obtained from residents of London in 1966, the midpoint of
their study interval, rather than immigrants who left the same areas at the
same time as the patients. Only the latter populations can adequately control
for differences in length of exposure to the London environment. None the
less, the observation of Dean et al. is a valuable contribution to our under-
standing of what may happen to risk of MS among those migrating along
an ascending vector. Similar efforts to study MS risk should be encouraged
and refined.

Among the migrants to Washington State and California’®, the highest
frequency of MS was observed in those who moved from northern United
States to Washington State (north-north). Those who moved from the north
to Los Angeles (north-south) had lower rates than those who moved from
the north to Washington State, suggesting that some protective factor
against MS was present in the southern community. Migration from southern
United States to Washington State was also associated with a relatively low
rate of MS which supports the idea that a protective factor exists in the
south. The lowest rates of MS were found in those who migrated from the
south to Los Angeles County (south-south).

By studying the rate of MS among migrants who moved at different ages
it has been possible to determine the age prior to which migration may affect
risk and thus deduce the age at which MS is acquired. The reasoning behind
this statement is as follows: if those who migrate before a certain age show
a rate of MS like that characteristic of the new environment whilst those who
migrate at an older age show the rate of the old environment it would
suggest that MS was acquired before the age when risk changed. If MS were
acquired, for example, in infancy, then no effect upon risk of MS among
migrants would be discernible. Merely being born in a given environment
would be sufficient to determine risk of MS. On the other hand, if 15 years
of age were ‘critical’ for determining MS risk, then migrants who moved
before 15 years’ old would show the rate of MS of the new environment
whereas those who migrated later would show a rate of MS like that of the
original place of residence.

Isracl offered many advantages for an analysis of the effect of migration
upon risk of MS because of the heterogeneous origin of most of its popula-
tion. MS in Israel has an intermediate frequency compared to northern
Europe and Afro-Asia. Study of MS in migrants to Israel in relation to age
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at migration has shown that those who immigrated after 15 years of age
from high frequency zones had a high rate of MS whereas those who came
before 15 years had a lower rate. Conversely, those who immigrated to Isracl
after the age of 15 from Afro-Asia and were, in effect, migrating along an
ascending vector, had lower rates of MS than are characteristic of Israel
whilst younger migrants from Afro-Asia to Israel had higher rates (after
appropriate corrections). Thus exposure to the Isracli environment at an early
age was associated with a decreased rate of MS among young migrants from
Europe and an increased rate among young migrants from Afro-Asia (Table
3.6). Careful scrutiny of the data on which the conclusions concerning

Table 3.6 Incidence of multiple sclerosis among
immigrants to Israel by age at immigration

and region of birth!
Rate[105 population
Region of Birth
Europe Afro-Asia
Age at immigration
(years) Crude  Adjusted  Crude  Adjusted
<15§ o7 28 o5 20
>15 2:0 —_ 04 —

migration are based revealed very few cases of MS among those who
migrated early in life. Thus, small numbers seriously undermine confidence
in the conclusions about when MS may be acquired.

Recently, the Isracli study has been repeated on a larger population
sample9°. Sufficient time has elapsed since the earlier study to have allowed
more cases of MS among the immigrants to Israel to accumulate.

The data were analysed for patients with ‘clinically definite’ MS who had
immigrated to Israel between 1950 and 1969. Only those whose MS began
after immigration were included. The population-at-risk was a sample of all
immigrants who had come from the same region at the same time as the
patients. The risk of developing MS in Isracl, of course, was not identical
for those who immigrated during the earlier part of the observation period
and those who came later. To compensate for differences in length of ex-
posure to risk among immigrants who came at different times, the population-
at-risk was summed for each year of residence to 1969 to yield ‘person-years’
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of exposure. Dividing patients by the person-years of exposure yielded a rate
of MS per 100 000 person-years of risk.

No one value could accurately reflect risk of MS because those who
migrated while young, between 1950 and 1969, were still young when the
observations were terminated; for example, a person who was 10 years old
when he came to Israel in 1950 would be only 30 years old in 1969 and he
could still develop MS. Therefore, age-specific incidence of MS among
immigrants was calculated for different age-at-immigration cohorts. The
results are illustrated in Figure 3.15 for those who immigrated before 5 years,
between § and 14 years, and after 15 years.

It has already been shown that MS among European immigrants to Israel
was higher than among Afro-Asian immigrants (Figure 3.16a), whilst MS
was virtually identical in frequency among the native-born Isracli offspring
of those two different ethnic groups (Figure 3.16b). Both groups had equal
access to health care facilities.

When MS frequency was compared among the immigrants in different
age-at-immigration cohorts, those who came from Afro-Asia between §
and 14 years or after 15 years of age still had lower rates of MS than Euro-
pean who immigrated at comparable ages. However, Afro-Asians who im-
migrated before s years of age showed MS rates as high if not higher than
European. Thus, only immigration prior to age 5 years affected risk of develop-
ing MS. By leaving the Afro-Asian environment very early and moving to
Israel, the risk of MS was increased and became comparable to that of
European. Migration along an ascending vector (from a low- to a high-risk
area) increased the risk of MS among those who migrated early in life,
before § years of age. These data may be interpreted to mean that MS is
‘acquired’ very early in life, perhaps by 5 years of age, even though clinical
signs of the disease may not be evident until several decades later (see
Chapter 9).

The period during which MS could be acquired according to the above
analysis cannot be infancy for then one would expect the mere fact of birth
in an area to determine risk of MS and no effect of ‘immigration’ upon risk
would be discernible. MS must, therefore, be acquired after infancy but
before § years of age. If these migration data are valid, then an event in a
narrow timespan of early childhood, perhaps between age 1 and § years,
may determine the risk of MS.

Review of the migration data requires that conclusions be cautious because
the number of cases upon which even the more recent Isracli analysis is based
is still small and more time must elapse before additional cases of MS in
immigrants become available.
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Figure 3.15 Multiple sclerosis incidence rates by age at immigration and origin (1950-
1960) (see *°)
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Figure 3.16a Age-specific prevalence rates of multiple sclerosis in Israel among im-
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Figure 3.16b Age-specific prevalence rates of multiple sclerosis among native-born
Israelis, by region of birth of fathet (January 1, 1965) (see 45
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Childhood illness and age-dependent host immunity

From epidemiological studies of migrants, as well as work on proximity
of places of residence of MS cases during childhood compared to later
lifer8: 83. 91, the early childhood period appears to be when the causative
factor in MS is operating. Therefore, the childhood period is the interval
during which efforts to identify the cause of MS are being concentrated. In
recent years, a childhood infection has been postulated as a likely cause of
MS92 93, Efforts to find direct evidence of such an infection are proceeding.
Some tantalizing glimmers of successful identification of infectious agent in
MS brain have actually appeared in the literature, but investigators who
have been working on MS for any length of time recall previous enthusiastic
reports of identification of ‘infective agents’ in MS, such as spirochetes% and
rickettsia%. Later, these enthusiastic reports proved to be unfounded.

Recent reports of viral identifications in MS brain include electron-
microscopic visualization of virus-like inclusion bodies%, isolation of a viral
agent by co-cultivation techniques?, and, most recently, evidence®? that
mouse polymorphonuclear (PAM) cells indicate presence of an infective
agent when injected with MS material. Of particular interest to the epi-
demiologist was the report by Koldovsky et al.99 and Henle et al.100 that
high titres of an infective agent described first by Carp98 was present early in
life in an East African population among whom MS is rarett. The implica-
tion of these results is that early acquisition might render an individual less
susceptible to MS.

An illustration of an age-dependent host response to infection is provided
by hepatitis B which, if acquired early in life, tends to produce persistent
infection whereas later infections are more readily cleared by the host’s
immune system!°2, The Epstein-Barr (EB) virus also produces different host
responses depending on the age of acquisition!?3. Measles (rubeola) virus
provides yet another example in that acquisition of this virus under the age
of 2 years is apparently associated with an increased risk of subacute scleros-
ing panencephalitis (SSPE)1¢ whereas later infection is associated with an
increase in encephalitic complications (Figure 3.17)105. There are also experi-
mental data for measles showing differences in host response depending on
age of infection!®, Epidemiological data suggest that regions where measles
is acquired very early in life are low in MS frequency whilst regions where
measles is acquired later have higher rates of MS!07: 108, Far northerly com-
munities with high MS rates are relatively isolated and measles tends to
occur in widely separated epidemics. The average age of measles acquisition
in such communities may be quite hight09. In contrast, communities nearer
the equator, where MS is low in frequency, tend to show a high level of
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Figure 3.17 Frequency of measles encephalitis by age in two populations (see 1°5)

‘herd immunity’ to measles by 3 years of age. Morley*7 has reported that
virtually the entire population of Nigeria, a region where MS would be
expected to be low, had measles antibodies at the age of 3 years, whereas in
England and Wales, where MS is common, more than half the population
had no detectable measles antibodies even by s years of age (Figure 3.18).
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Figure 3.18 Incidence of measles by age in England and Wales and Nigeria (see 197)



66 MULTIPLE SCLEROSIS

Also, in Guatemala, where MS is rare’’©, a large proportion of the population
had immunity to measles by the age of 3 years'o9.

Interesting contrasts between the epidemiology of SSPE, a known com-
plication of measles, and MS, where measles may play a role, are shown in
Table 3.7. On the basis of these contrasts, it was postulated that MS might

Table 3.7 Contrasts between SSPE and multiple sclerosis

Factor SSPE*48 Multiple sclerosist
Sex M>F F>M
Socioeconomic status Poor >rich Rich> poor
Residence Rural > urban Urban >rural
Ethnic distribution Black > white White >black
Arab> Euro-American >
Afro-Asian > Afro-Asian>

Measles

Euro-American
Acquired earlier
(before age two
years)

Arab
Acquired later
(? near
adolescence)

represent an age-dependent host-immune response to later childhood infec-
tion with measles, just as SSPE is a response to very early infection. If the
migration data implicating the age of 5 years as the ‘critical age’ by which
MS is acquired are not interpreted too literally, the migration data could
readily be reconciled with the hypothesis that a childhood infection elicits
an age-dependent host-immune response which gives rise to the clinical
symptoms of MS.

In light of the above epidemiological research, more attention is being
paid to the immune system in MS as important in the pathogenesis of the
disease. A great deal of evidence has accumulated to show that immune
responses in patients with MS, particularly the cell-mediated immune
responses, are altered®. The immune profile may be sensitive to dietary
factors”!, and influenced by socioeconomic circumstance (crowding, for
example), family size, and inherited constitution. The interplay of
these environmental and genetic factors early in life could conceivably
account for the geographical distribution and population selectivity of
MS.

An infection (probably viral) to which a host is exposed at a particular
age (probably early in life) is a tenable theory of the cause of MS. Cohen
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and Bannister''* were among the first to demonstrate synthesis of immuno-
globulins IgG and IgA by cells from the cerebrospinal fluid (CSF) of an MS
patient. These early observations have been confirmed™2. These immuno-
globulins are oligoclonal’3 and could be produced in response to a viral
antigen. It need not be a single infectious agent such as measles virus but
any infection which encounters a susceptible host at a particular time, perhaps
when the host’s cell-mediated immunity may be depressed?t. Viral infections
can depress cell-mediated immunity for long periods. If another viral
infection comes hard upon an earlier one, the host’s immune defences could
perhaps be more readily breached, and easier entry of the agent into the
central nervous system (CNS) may be possible. A persistent, latent infection
of the CNS could then be established. A stable state in which the hypothetical
virus lies dormant in the CNS could be upset years later by non-specific
triggers. The host’s immune system might then attack and destroy the
chronically infected cells. If these cells are oligocytes, their destruction would
result in a plaque of demyelination. Repeated exacerbations and remissions
of demyelination could occur in this hypothesized pathogenetic system. Such
a system is also compatible with much that is known today about the epi-
demiology of MS.

Genetic factors in MS

Genetic factors play a role in virtually every disease process, and MS is no
exception. It remains to be determined, however, how the genetic factors
in MS are expressed and what genetically controlled mechanisms are
operative. Most instances of MS are sporadic and often even intensive
inquiries fail to disclose anyone else in the family with a similar disorder.
However, familial aggregations of MS do occur and the frequency of
multiple instances of MS within families is perhaps 20 times greater than
would be expected from the frequency of the discase in the general popula-
tion™4 115, Moreover, heritability estimates in MS are as high as 0-8611s, In
some families, the disease appears to follow a recessive inheritance pattern
whilst in others, a dominant mode of inheritancei®8 seems to fit the familial
pattern. Care must be taken in interpreting the significance of reports of
familial aggregation because often the families were reported because of the
aggregation or they may have been otherwise selected and, therefore, genetic
data may be biased. Moreover, in instances of familial aggregation of MS a
healthy scepticism as to the correctness of the diagnosis is warranted because,
not infrequently, ‘familial MS’ turns out, on close scrutiny, to be progressive
spinocerebellar degeneration or Leber’s optic atrophy, both of which mimic
some features of MS. Finally, familial aggregation could represent a ‘common
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exposure’ to an environmental factor rather than a genetic effect because
family members certainly have many more shared environmental experi-
ences than the population at large®.

One should also consider the possibility that the clinicopathological entity
now called MS may not be a single disease. There may be several types of
MS just as there are now thought to be several types of amyotrophic lateral
sclerosis’’?. In one type of MS, hereditary factors may be particularly
important.

Despite alternative interpretations of familial aggregation in MS, most
investigators still believe that a genetic factor (or factors) is important. The
adherents of this view have derived support in recent years from studies of
histocompatibility genes and MSr18. 119,

Genes controlling histocompatibility are located close together on a
particular chromosome. These genes control the mechanism which allows
recognition of tissue which is ‘self” from tissue which is ‘non-self’. The
mechanism is believed to be immunological. Thus, tissues with the same
histocompatibility markers will not be rejected if transplanted from one
individual to another (as between identical twins). Other tissues, with
different histocompatibility characteristics, will evoke a host-versus-graft
immune reaction and the ‘foreign’ tissue will be rejected unless immuno~
suppression is achieved through drugs or radiation. There are at least four
major histocompatibility loci and these are closely linkedr2o- 121, Three are
determinable using serological techniques (A, B, C) and the fourth is detected
using lymphocyte reactions (D). These genetic loci are inherited as dominant
traits. A set of loci is inherited from each parent and the two haplotypic sets
which an individual inherits constitute his histocompatibility genotype. The
large number of alleles present at each histocompatibility locus' makes it
very unlikely that any two individuals (except identical twins) will have
exactly the same histocompatibility genotype, a situation which obviously
has advantages if an individual must differentiate self from non-self tissue.
The frequency distribution of these alleles varies from population to popula-
tion'8. At least one of these alleles appears to have a distribution similar to
the distribution of MS (Figure 3.19).

In patients with MS, it has been shown that there is an excess of certain
histocompatibility determinants, and a deficiency of others'22-124, There is
general, though not universal, agreement that the histocompatibility deter-
minants which are increased in MS are A3, at the HLA-A locus and B7, at
the HLA-B locus. As shown in Table 3.8, the excess of A3, B7 is not large.
Therefore, the association between specific HLA determinants and MS is
weaker than between HLA determinants and ankylosing spondylitis (B27 in
95%) or gluten-sensitive enteropathy (A8 in 75%,).
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Figure 3.19 Frequency of multiple sclerosis and HLA-A3 in several populations

Table 3.8 Frequency of HLA-A3 and B7 among patients with

10

30

Percent of HLA-A3

multiple sclerosis and controls

40

69

Per cent with antigen

A
Number ’

Population Patient  Control  Patient  Control  Patient  Control
Denmark118 209 1967 36 27 40 27
Germany*23 393 25§ 40 27 36 31
Israelrzs
Ethnic origin:

Europe 152 292 14 18 10 9

Afro-Asia 46 167 20 24 4 17
United States

California’22 o4 871 36 24 36 24

Minnesota veterans’z+ 59 401 30 23 31 24

One large population study of HLA and MS in Israel failed to show an
excess of A3 or B7125. The frequency of the latter two HLA specificities was
actually lower in MS patients than in controls (Figure 3.20). Also, in Japan,
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the HLA specificities associated with MS appear to be different from those
in the United States and in northern European populations!8,
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Figure 3.20 HLA-A3 and B7 among multiple sclerosis patients and controls in Israel

The failure to find universal excess of the same serum determinable histo-
compatibility determinants in all MS patients and the differences in HLA
specificities among MS populations in different parts of the world raised the
possibility that another gene, closely linked to the HLA genes, but not
identical with them, was associated with MS. This line of thinking appeared
to be supported by the findings of Jersild et al.726 that the D locus is more
closely associated with MS than the three serum-determinable loci. They
found that about 609, of MS patients had the specificity DW2 (formerly
called LD-7a) compared to only 189, of controls. Even some of the MS
patients without B7 were DW2 positive (329, compared to only 89, in
controls). Thus, A3 and B7 could be thought of as ‘markers’ for the DW2
locus and the latter was, in turn, associated more closely with MS. Very
recently, B-cell antigens have come under close scrutiny and the B-cell
antigen Ag-7a has been observed in MS patients with even higher frequency
than the DW antigen1?7.

One additional line of genetic investigation appeared to strengthen the
relationship between the histocompatibility loci and risk of MS. These



CLUES TO THE CAUSE BASED UPON EPIDEMIOLOGY 71

additional studies were carried out in families where more than one indi-
vidual had MS. In many instances, the affected individuals in these families
‘shared’ particular sets of HLA specificities which non-affected members of
these families did not inherit108,

The study of histocompatibility factors and MS is under active investiga-
tion at the present time and, as might be expected in so new a field, there is
controversy as to the meaning of the results. Drachman and associates'28,
for example, concluded that ‘neither the inheritance of a particular parental
HLA chromosome nor the occurrence of any specific HLA antigen could
be shown to be necessary or sufficient for the development of MS in family
members’. On the other hand, Alter et al.198, Jersild ef al.126, and Bird!2¢
found that individuals with MS showed a particular HLA haplotype far
more often than non-affected members in the same family. The selection of
families by Drachman et al.128 has been criticized!9.

The association between given parental haplotypes and MS appears to be
a promising lead at present to the genetic factor(s) involved in MS. In the
largest of these family studies’®8, the association between a given parental
haplotype and MS approached but did not reach statistical significance.
Therefore, additional work needs to be done before the meaning of the
association is resolved and its validity is established.

One reason that the work involving the HLA antigens and MS seems so
exciting is that the histocompatibility locus in animals contains genes which
control immune responsiveness'30, The region between the serum-determin-
able loci in mice contains Ir (immune response) genes which specify re-
sponsiveness to certain synthetic polypeptides. Thus, an association between
the HLA complex and MS seems compatible with the theory that MS
involves an immune response of the host, a view which is widely heldrs1.
It is important in studying different populations to establish whether the
DW2 antigen and, perhaps even more to the point, the Ag-7a B-cell antigen,
is a ‘universal’ marker of MS or whether these traits, like the HLA speci-
ficities, are merely associated with yet another gene, which is involved in
determining the risk of MS. This hypothetical gene has been labelled ‘MSS’
for MS susceptibility?os.

According to current thinking, MS occurs in individuals genetically pre-
disposed by virtue of having inherited certain histocompatibility specificities
but these specificities alone are, probably, not sufficient to cause the disease.
It is not unusual for an inherited disorder to require an environmental trigger
to become clinically manifest. An example is diabetes mellitus which, in the
absence of a carbohydrate load, can go undetected clinically. Sharp separa-
tion in thinking about the environmental factor and the genetic substrate of
MS is not warranted.
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In view of the idea now in vogue that a viral agent might represent the
environmental factor important in the aetiology of MS, it is worth observing
that elevated antimeasles antibodies have been observed in the serum of MS
patients in many parts of the world’32-136, Whilst these titres are nowhere
near as high as has been observed in SSPE!37-141, the elevation could represent
some special experience with the measles virus among affected individuals.

Alternatively, the titre elevation could mean that the individuals are
simply ‘better’ at producing antibodies. Lehrich and Arnason’#2 have shown
that MS patients who have higher titres to herpes simplex (but not to para-
influenza) may possess A3 or B7 determinants more often than those with
lower titres. Jersild ef al.143 found increased titres to measles in MS patients
with A3 and B7 determinants and Arnason ef al.144 observed the same
phenomenon in MS patients with A3. These investigators postulated that the
increased measles titres might therefore be incidental and no aetiological role
for measles virus in MS need be inferred. Bertrams et al.143, on the other
hand, found no correlation between measles antibody titres and presence
of the A3 or B7 determinants and Whitaker ef al.124 found that MS patients
with the B7 antigen actually had a lower level of measles antibody than did
those who were B7 negative. Obviously, the relationship between these
histocompatibility markers and measles antibody titres still needs clarifica-
tion and the role of the measles virus in MS is still uncertain.

Conclusion

The search for clues to the cause of MS through the study of its epidemiology
has been characterized as the ‘shoe-leather’ approach. This search has yielded
considerable broadening of our knowledge about the disease and has helped
direct research in the laboratory as well. It is clear from studies of geo-
graphical distribution that MS increases in frequency with distance from the
equator, at least in western countries, up to perhaps the soth (North America)
or 6oth (Europe) parallel and then probably decreases in frequency. The
same relationship between MS frequency and latitude exists in Australia and
New Zealand. All of Japan, the far-eastern Asian continent and the Indian
subcontinent have a low frequency of MS, suggesting an Oriental ‘resistance’
to the disease. The apparent lower rate in Orientals may be due to genetic
or environmental factors. It is not due to significant differences in clinical
manifestations, although Orientals have a higher rate of optic neuritis as an
initial manifestation of MS and both Orientals and Indians may have a
higher rate of transverse myelopathy compared to western patients. The low
rate among Orientals even in western United States favours a genetic basis
for their resistance. Analysis of the fine structure of MS distribution has
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revealed foci of higher frequency of MS which exist next to areas of lower
frequency, suggesting that the causative agent may be concentrated in some
areas while ‘deficient’ in adjacent areas. All of South America and much of
Africa are still ‘dark’ territories in so far as MS frequency is concerned.

Efforts to account for the distribution and population selectivity of MS
have spawned an ingenious array of hypotheses, some of which implicate
the role of climate (sunlight), diet (animal fats or protein), toxins (metals or
industrial pollutants), and even intestinal absorption of abnormal amounts of
naturally occurring noxious substances (lipid peroxides). Recently an in-
fectious agent has attracted the most attention as a possible cause of MS. It
is thought to be a virus, perhaps one with special properties such as the
ability to produce latent, persistent infection of the central nervous system.

The apparent stability of the frequency of MS over many decades and in
many areas of the world makes it unlikely that the introduction of modern
amenities alone is sufficient to affect the rate of MS, although it is conceded
that not enough time may have elapsed for the effects of modern develop-
ment to be discernible in terms of increased MS frequency. Ongoing medical
surveillance for MS in several communities may help resolve this issue.

Study of MS in populations which have migrated from one region to
another suggests that migrants ‘carry with them’ the risk of MS of their
original place of residence unless they migrate as youngsters, before adoles-
cence (about the age of 15 years). A new study suggests that the critical age
may be in early childhood, perhaps even before the age of 5 years. These
results can mean that a childhood viral infection plays a role in causing MS.
It has recently been suggested that the infection need not be specific for MS
but could be due to any of a variety of infectious agents which happen to
gain access into the central nervous system at a particular time, early in life.
According to this hypothesis, MS is looked upon as an age-dependent host
response to infection rather than due to the effect of any specific infecting
agent.

The shift in emphasis to some characteristic of the host rather than upon
an environmental agent as the ‘cause’ of MS has intensified efforts to identify
constitutional (genetic) factors which could be important in aetiology. The
current vogue among investigators is the histocompatibility complex which
in animals and probably in man too encompasses chromosomal areas con-
trolling immune responsiveness. The histocompatibility specificities HLA-A3
and B7 are increased in MS patients in certain populations (North America
and Europe) but not in others (Israel and Japan). DW2, a lymphocyte-
determinable HLA specificity, is associated more strongly with MS than the
serum-detectable HLA determinants, and the B cell specificity Ag-7A is the
genetic factor most strongly associated with MS which has so far been
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detected. These histocompatibility determinants may be markers for a closely
linked immune response gene (Ir or MSS) which is required to confer genetic
susceptibility to MS upon the host. The results generated by several decades
of intensive field work coupled with coordinated laboratory efforts may
certainly be regarded as fruitful even if still fragmentary. Though these
‘threads’ cannot yet be woven into a complete theory of aetiology, their
pattern, pointing to the ‘cause’ of MS, is beginning to be discernible.
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4

Multiple sclerosis from an epidemiological
viewpoint

John F. Kurtzke

Introduction
Felix qui potuit rerum cognoscere causas (Virgil, Georgics i, 490)

It may seem unlikely to many that one could even hope to learn the causes of
things such as diseases by means of that discipline labelled epidemiology.
There are a very few clinicians and research workers who accept with gusto
any published item so classified, as if it were graven on two stone tablets;
there are perhaps some greater number who will automatically discount all
such observations with the comment that they are ‘only epidemiological’.
But the majority of medical scientists have seemed to regard epidemiology
as a not-quite-disreputable method by which a handful of investigators
manage to avoid meaningful toil while speaking to each other in arcane
symbols on matters with little relevance to the real world.

It is my view not only that epidemiology is important in medicine, but
that, in so far as clinical medicine is a science, it is applied epidemiology.
Although anatomy and chemistry and the like are basic sciences of them-
selves which have obvious application to human (and other) discases,
epidemiology is the basic science of clinical medicine. This modest state-
ment may require some elaboration, however.

Epidemiology

While there are indeed other definitions, a useful one is that epidemiology is
the study of the natural history of disease (Figure 4.1). This is based upon an

83
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Figure 4.1 Epidemiology: content and uses (from 44)

application to disease of the original roots of the word, as a study (Aoy.- from
Aéyew) of what is upon (é7() the people (85uos). The term itself, however, is
of nineteenth-century origin, and can be traced to fifteenth-century English
epidemy (an epidemic disease), which arose via old French ypidime from
Latin epidemia and Greek émédyuia. In fact, at least in the United States,
the background of practitioners of the field can often be inferred from
their pronunciation of the term. To many infectious disease workers it is
epi-demm’-iology, while most others call it epi-deem’-iology.

The present concept then clearly extends beyond epidemics and infections,
but it is for the most part still limited to diseases or deviations from health
within human populations, and the unit of study is the affected with a given
disorder. ,

As listed in Figure 4.1, the content of such studies is those aspects of a
disease or a dysfunction having to do with how often it occurs and in whom;
with what characteristics are common to the affected versus their unaffected
peers; with how bad is the disorder; and with what happens to the affected
in terms of this disorder. In the present discussion we shall for lack of space
not consider the last two points, but they are certainly within the province

of the field.
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Diagnosis

Basic to all epidemiological works—and all of medicine—is the diagnosis of
the disorder in view. The condition may be a specific entity like kuru or
pneumococcal pneumonia; or a number of manifestations subsumed under
one mantle like diabetes or stroke; or a general class of dysfunction like
hemiplegia or impaired hearing.

The definition of an individual disease depends upon the presence of a
specific set of signs, symptoms and laboratory findings which together
separate out the affected from both the normal and those with other dis-
orders. Note that a disease is defined by the behaviour of groups, and member-
ship therein for an individual depends on his meeting the specified criteria
for the group.

Unless or until one has a specific aetiological cause or pathognomonic
signs and symptoms, the diagnosis of a disease is dependent on many factors
aside from the skill of the diagnostician. These would include diagnostic
fashions and current nomenclature; the frequency of the disease in the area
in question as well as the frequency of other disorders with which it may
be confused; the availability, specificity and reliability of laboratory tests;
and the characteristics of the patient (age, sex, race, occupation, etc.). The
diagnostician is a vital factor. Some diseases are self-diagnosed and still others
well within the competence of minimally trained health professionals. Others
are readily apparent to general practitioners. Many though require the skills
of competent specialists, and some demand the full armamentarium of
diagnostic tools available only in major centres.

Uses

As stated, the diagnosed case is the raw material of epidemiological data. The
uses to which these data may be put are summarized in Figure 4.1. Socio-
economic planners for a community require the knowledge of the burden
of illness expected in order to allocate the required facilities (hospitals, clinics,
offices, teaching units) and personnel (specialists, other physicians, nurses,
technicians, ancillaries). The costs of these services, as well as the economic
onus of illness otherwise on the patient and his family, need to be measured
in order to acquire the requisite moneys. These statements hold regardless
whether one is speaking of a state-controlled or a laissez-faire economy. The
closer one gets to an accurate estimate of needs the more likely there is to
be an appropriate (or at least a rational) allocation of available resources. The
softer the data on which such estimates are based though, the more likely
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are edicts from on high to be erroneous; there is much to be said for the
law of supply and demand. Paediatricians do not set up practices in retire-
ment villages, and tuberculosis sanatoria have gone the way of leprosaria
in much of the world.

The public health worker requires epidemiological data to determine the
baseline experience of his community in order to ascertain changes therein
over time, whether increases (including epidemics) or decreases. The pro-
jections of these trends are used to estimate future needs versus those of the
past and present. The identification of major and especially of increasing
health problems signals areas of concern and investigation. Development
and employment of environmental control and preventive measures are also
in his province.

Even the clinician uses epidemiological methods and information. When
he is concerned with groups of patients with a disease, it is with the view
to learning more about the illness as such. The search for factors associated
with the disorder and for modifications of course (treatment) often provide
excellent examples of applied epidemiology. Among ‘associated factors’
would be laboratory findings which might better define the diagnosis.

On the other hand, when confronted with his individual patient, it is as a
consumer that he can use epidemiological data. The patient wants a fortune-
teller—he wishes to know what is to become of him with the symptoms at
hand. Diagnosis may be assisted by knowledge of local frequency and pre-
dilections by age, sex, and other characteristics among the various pos-
sibilities entertained. Knowledge of the course permits the physician to
determine the need for its alteration by available therapy.

The epidemiologist is most often to be found employed within one of
these other categories of users, or as a teacher. But when wearing no other
hat, his function is the investigation of disease characteristics among groups
of the affected within populations, in order to attain knowledge as to
aetiology and methods of disease control and prevention.

Frequency of disease

The basic question, after diagnosis, is how common is a disease. This will
first of all refer to a count of the cases of a disease within a given place and
time. Then in that place the diagnosed cases may be assorted as to sex and
age, and perhaps to other general characteristics such as race or colour, oc-
cupation, education, marital status and the like. They may also be assorted
along concomitant or antecedent physical or laboratory criteria, including
height and weight, other diseases and so on. Both the parts and the whole
will then be described according to the source of the material.
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CASE SERIES

Much of our information in medicine has arisen from series of cases en-
countered by individual practitioners, clinics, or hospitals. They still provide
the bulk of medical reportage on disease characteristics. At times the modifier
‘consecutive’ is applied to such; all this means is that no one has deliberately
excluded known appropriate individuals from the series. Such series are often
subdivided along some of the factors just noted in order to provide frequency
distributions—Dby age-group and sex, for example. A unique subset of the
hospital case series is the autopsy series, wherein those instances of the disease
which are ascertained at postmortem examination are listed.

RELATIVE FREQUENCIES

Knowing that one has 50 cases of a discase leads to the question, among what?
The next step is usually to relate such cases to the rest of the experience of the
investigator, where the denominator is all cases (or admissions or autopsies)
at his office, clinic or hospital.

INPUT BIAS

Either taken as numerator alone (case series) or versus all admissions (relative
frequency), the problem with such material is that one has little assurance
that what has been included is at all representative of the affected. And this is
of course essential to generalization—which is the purpose of virtually all
scientific investigation. An illustration of what is meant by input bias is
drawn in Figure 4.2.

Let there be, within the community from which our series arises, a certain
number of persons affected with our disease. This group will contain persons
of varying severity of illness, age, blood pressure, income and a myriad of
other factors. Now let the group be ranked on each of these factors separately
along a 0-9 scale. For income, for example, patients with little means may
go to Dr A because he charges less than Dr B. Or they may present directly
to hospital A because it is the city hospital, while hospital B is a private
institution. On the other hand, they may borrow the money and go to
Dr C who is a specialist. Dr D may be an obstetrician who does careful
evaluations and thus ascertains some asymptomatic individuals from among
the affected. Or Dr A and B or hospital A and B may be the same person
or place, but at different times. One can readily find published instances of
series from hospital A pointing out differences from those of hospital B—
inferring these are differences in the disease (or the treatment), but with no
consideration as to whether the input bias of hospital A differs from that of
hospital B.
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Figure 4.2 Input bias: Variability of factors leading patients to present at different
doctors or hospitals, or not at all. The factors represent any given characteristic of the
patients, each one to be ranked separately on an arbitrary 0-9 scale

Hospital D may have a special interest in (or a grant for) a given disease.
Thus many patients with this disease may be found among their lists of other
entities. The presence of two illnesses may influence attendance at any
hospital—either positively or negatively. The presence of a third illness may
lead to spurious associations between the other two. This last is described as
Berkson’s fallacy, for its recognition rather than its commission!.

Input bias is also relevant to hospital case-control comparisons. The factors
affecting a patient’s presentation for care of one disease may differ markedly
from those pertinent to another.

The only way in which one can have any assurance that one’s case series
may be representative of the disease within the community under study then,
is to draw the series from the entirety of the medical facilities serving that
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community. The next question would concern generalization from this
community at this time to other times or places.

POPULATION-BASED DATA

Figure 4.3 represents a diagram of ascertainment of the diseased within a
community. Within the finite resident population, there will be at any one

Figure 4.3 Catchment diagram of case ascertainment of disease within a population
(from 31)

time a finite number of persons affected with the disease. As is true of almost
every illness, some of these will be asymptomatic while a proportion will
have symptoms appropriate to the condition. Among the asymptomatic, a
subset will have abnormalities discoverable by examination or laboratory
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methods, and the remainder will then be, to all known criteria, free of
discase even though affected.

Now if our ideal diagnostician (being one who never errs) examined the
entirety of the population, he would discover all the symptomatic cases and
those with the relevant signs although without complaints. If he examined
an appropriate sample of the population instead of the total, he could still
estimate the numbers expected within the total. Such measures can be and
have been taken for common diseases (hypertension, diabetes), but are im-
practical for rare entities.

One step removed from this true population survey is that which we have
noted in the prior section—that is, the ascertainment of all the affected who
have come to medical attention. This I have loosely referred to as the
‘prevalence study’ rather than a ‘population survey’, because this is in fact
how most of the information on the prevalence of neurological diseases has
been attained. Note that this demands not only our ideal diagnostician
within all the medical facilities serving our population, but also the ideal
recording and retrieval system, so that all such listed cases are readily found,
and in each instance with all pertinent information completely and accurately
at hand.

But here we must accept that even in the best of all worlds, some patients
will not be known because they have never presented themselves before our
diagnostic eye. There is no assurance either as to their proportions among
the affected or as to their position within the spectrum of the disease (see also
Figure 4.2). Of course, the more severe the illness though, the more likely
would they generally be present themselves.

One step still further removed from complete enumeration is a listing of
deaths which the disease has caused. This has many benefits, not the least
being the availability of such information for many entities and the un-
equivocal nature of death. Since we are still in the ideal world, all these cases
are correctly allocated; but obviously they will still refer only to those
instances where the condition was fatal. And this is for most disorders but a
fraction of the affected. There is then the very real question whether the fatal
cases represent all cases.

The basic datum for mortality rates is the death certificate, and specifically
that item written thereon as the ‘underlying cause of death’. On the standard
certificate there are also places for ‘contributory causes of death’ and ‘associ-
ated conditions’. In selected instances these too can be obtained, and provide
another (undefined) fraction of the affected.

We have already mentioned the autopsy series as a subsct of hospital data.
Even if all autopsies are collected from all the resources of the community
(including the medical examiner), they will still represent a very fragmentary
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portion of the affected. In most areas, far from all of the deceased are subject
to postmortem examination (selection bias). Of pertinence to neurology, not
all autopsies done include the examination of the brain by neuropathologists,
and seldom is the spinal cord included. Aside from that, we must accept
that the autopsy series is limited to some who die because of the disease, plus
some who die with the disease known but for other reasons, plus some who
die with the disease clinically manifest yet undiagnosed, plus some in whom
the disease would have been impossible to determine during life.

At every step along this pathway then, we must have missed a propor-
tion of the affected. And the further we get from a true survey of the subject
population, the larger will be this proportion—and the more undefinable
its setting within the range of the illness.

POPULATION-BASED RATES

The proper definition of frequency of disease and delineation of the char-
acteristics of the affected therefore depends upon the measurement of a
numerator (the cases) within its true denominator (the population at risk).
These ratios, with the addition of the time factor to which they pertain,
are referred to as rates. The population-based rates in common use are the
incidence rate, the mortality rate, and the prevalence ‘rate’. They are all ordinarily
expressed in unit-population values. For example, ten cases among a com-
munity of 20 000 represents a rate of 50 per 100 000 population or 0-5 per
1000 population.

(a) Incidence rate—The incidence or attack rate is defined as the number of
new cases of the discase beginning in a unit of time within the specified
population. This is usually given as an annual incidence rate in cases per
100 000 population per year. The date of onset of clinical symptoms
ordinarily decides the time of accession, though occasionally the date of first
diagnosis is used.

(b) Mortality rate—The mortality or death rate refers to the number of deaths
with this disease as the underlying cause occurring within a unit time and
population, and thus an annual death rate per 100 000 population. The case
fatality ratio refers to the proportion of the affected who die from the disease.
When this is high, as in glioblastoma multiforme, then accurate death rates
reflect the discase well. When this is low, as in epilepsy, then death data
may be exceedingly biased.

(¢) Prevalence ‘rate’—The point prevalence rate is properly a ratio, and refers
to the number of the affected at one point in time within the community,
again expressed per unit of population. If there is no change in case fatality
ratios over time and no change in annual incidence rates (and no migration),
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then the average annual incidence rate times the average duration of illness
in years equals the point prevalence rate.

(d) Rate resources—Both incidence and prevalence rates of diseases are derived
from surveys for the disease in question as it occurs within circumscribed
populations. Mortality rates come from official published sources. Char-
acteristics of the diseased in terms of associated factors, course and treatment
should come from the population prevalence studies as well, but much of
our current information on these aspects is actually derived from case series
from hospitals.

(e) Types of rates—When the numerator and the denominator refer to the
entirety of a community, then their quotient is a crude rate, all ages, for the
entity in question. When both terms of the ratio are delimited by age or
sex or colour or other criteria, then we are speaking of age-specific or sex-
specific (or whatever) rates. Taking rates within consecutive age-groups
from birth to the eldest group for each sex, one has then described the disease
according to age-specific and sex-specific rates for the entire community.
Since different communities will differ in their age distributions, the
proper comparisons among communities are those for the age- (and sex-)
specific rates. Such comparisons become unwieldy when more than a few
surveys are considered, and the proper step then is the calculation of age-
adjusted rates. One method of age-adjustment is to take each age-specific
rate and multiply it by a factor representing the proportion of the standard
population that this age-group contains. The sum of these individual adjusted
figures provides an age-adjusted rate, all ages, or a rate all ages, adjusted to a
standard population. One common standard population is that of the United
States for a censal year. This method is important when dealing with
common disorders that affect primarily either end of the age-spectrum.
It is less indicated when considering rare entities which have no notable age
(or sex) predilection. Since it is an average, it still, however, may not reflect
adequately those age-specific rate curves which are badly skewed.

Population surveys

In medicine there are three general kinds of population-based surveys, which
I have called the Assyrian, the in-law, and the spider.

THE ASSYRIAN

As Byron put it in The Destruction of Sennacherib, “The Assyrian came down
like a wolf on the fold.” This is the type common to most population surveys,
whose methodology will be outlined below. In brief, it is the deployment
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of a team of workers throughout a community in order to identify the
numerator (cases), and to perform whatever examination, laboratory, and
questionnaire procedures had been planned. The entirety of input data is
obtained in a short period, often no more than a matter of months depending
on the extent and intensity of the project. Thereupon the investigators will
follow Longfellow and ‘Shall fold their tents, like the Arabs, And as silently
steal away’.

This kind of survey has been directed toward the ascertainment of cases
within the population by door-to-door inquiry of its entirety or of a repre-
sentative sample—what I referred to in Figure 4.3 as the (true) population
survey. It has also been directed to the ascertainment of cases known to the
medical resources of the community without querying the population at
large—which I have called the prevalence study. Obviously both, however,
are surveys of the population to detect prevalent cases.

The survey population may comprise not only the general populace of a
town or county, but may also refer to more restricted groups: employees
of a plant, schoolchildren, cloistered nuns, the military, airline pilots, retire-
ment villagers. The choice of such groups depends on the purposes of the
study; stroke surveys are more efficient when only the more elderly are
studied. All such restrictions, however, may limit the applicability of the
results to the general population. For example, the economic status of retire-
ment community residents differs greatly from that of a group receiving
old age assistance pensions.

THE IN-LAW

There is a very expensive, albeit important, method for carrying out popula-
tion surveys, to which I have attached this label. In such instances the survey
team moves into a community, screens the residents, and then remains to
keep the community under direct surveillance with ongoing or repeated
assessments over a prolonged period. In this fashion one can define directly
incidence as well as prevalence, and can identify risk factors before the event
and assess their impact, as well as provide survival estimates and even treat-
ment or prevention comparisons. Such works demand the full and sustained
cooperation of both the inhabitants and the medical care providers of the
area. They are also limited to regions expected to have little migration, and
petforce are limited to small communities. This last point is important: even
after decades the case-material will be small. Further, the goals of the team
must also be drastically limited, since a prospective study of all diseases is
impossible. And one requires a group of investigators willing to dedicate its
professional life to a single study. The greatest limiting factor, though, is the
expense of such an undertaking.
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In the United States the primary example of this approach has been the
cardiovascular and cerebrovascular disease study of Framingham, Massa-
chusetts, where a cohort of some 5000 adults has been followed for almost
20 years.

THE SPIDER
Rather than seeking out the patients, it would be well to devise studies
wherein the patients come to the investigator. When one has an excellent
medical facility incorporating high quality diagnosis in all areas of medicine
and serving a defined community as its sole resource, and where the reporting
and retrieval systems permit the collection of complete and accurate data,
there is a potential for numerous epidemiological inquiries of first quality.

In the United States the solitary example of such an epidemiological
resource is the Mayo Clinic in Rochester, Minnesota. This community of
(now) some 50 000 population has the good fortune to be the site of an
internationally renowned diagnostic centre whose record system was
designed for accessibility for research purposes. The contributions of this
centre to virtually all fields of medicine have been outstanding, and this
includes a number of incomparable epidemiological surveys. The major
drawback is the need to extrapolate to the entire United States from a small
all-white midwestern population of limited ethnic and socioeconomic back-
ground. Another question is the reason for new residents to immigrate into
this town, which may well be medical. We should note that the com-
munity itself would be totally unable to finance even a fraction of this
centre, whose existence depends upon the massive number of diagnostic
referrals handled.

State-oriented medical care systems of quality have the potential to be
similar epidemiological resources. Valuable information has thus come to
us from Scandinavia and parts of a number of other countries, for selected
entities. But this is a resource whose potential is still, for the most part,
just that—a potential.

Performance of a population survey

While this is not the place for an investigator’s field manual, an example of
how such studies are done may be helpful in appreciating the problems.
The steps and a flow diagram for a population survey are drawn in
Figure 4.4, adapted from Sartwell2. His preconditions to performing the survey
include: (a) hypothesis or hypotheses to be examined; (b) selection and valida-
tion of test procedures; (c) selection and training of survey team; (d) sclection
of community for study; (¢) performance of pilot trial; (f) census of com-
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Figure 4.4 Steps in performing a population prevalence survey, adapted from 3

munity. “The point I wish to emphasize is that the survey itself is only one
of a sequence of steps and is likely to be of limited value if these other steps
are neglected.’

For our purposes, the hypothesis will be simply the question: What is
the prevalence of Field’s disease? Field’s disease is a disorder which turns
one’s left hallux purple and is associated with small ears and elevated blood
zirconium levels.

We chose the town of Croydon-upon-the-Fork as our survey site and
November 1st, 1975, as prevalence day. This town had a resident population
of 43 204 according to the census of April 1st, 1975, and 43 220 on April 1st,
1970. A 109, sample was to be screened for Field’s disease. Of the 4320
chosen, 60 refused to remove their shoes and 40 chased the interviewers off
the property. There were thus 4220 persons screened.

The screening procedure was observation of the left hallux. Of the 4220,
4180 had a normal-coloured left hallux, 20 had a purple hallux, and 20 had
no toes on the left foot. The 40 of the last two groups were referred for
definitive examination, but only 30 (18 purple, 12 no-toe) arrived. Among
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these 30 examined, five with purple toes had normal ears and zirconium
levels, as did ten of those with no toes. Two no-toes had elevated zirconium
and small ears; since these are not pathognomonic findings they were placed
in the ‘suspect’ group. Also classified as ‘suspect’ were two of the purple-
toed with elevated zirconium and normal ears and two more with small
ears and normal zirconium.

Nine cases met all criteria and were diagnosed as definite Field’s disease.
The prevalence of definite Field’s disease was thus 9/4220 or 213 per 1000
population. Among the five purple-toed who were otherwise normal there
were discovered to be three who had a curious method of testing the
temperature of their table wine (a modest local vintage), and were thus
false-positives. The other two were added to the ‘suspect’ list for a total of
eight suspects. The prevalence of Field’s disease from the field survey was
thus raised to (8 + 9)/4220 or 4-03 per 1000, when possible cases were
included.

Records of the local practitioners and the county hospital upon review
revealed ten instances (eight definite and two possible) of Field’s disease not
previously known to us among current residents of the town. This is a
prevalence of 8/38 984 (43 204 less 4220 screened) for definite cases, and
10/38 984 for the total including possibles. These give rates of 0-21 and 0-26
per 1000. Adding them to the field survey rates, we assert the prevalence of
definite Field’s discase in this town on prevalence day is 2:34 per 1000
population; and there is a prevalence of 4-29 per 1000 for all cases including
the possible ones.

Now at each stage there were some individuals lost to observation. What
to think about these, and what questions otherwise should be considered at
each step of the survey are noted in Figure 4.5, which is the completed
diagram from Sartwell3, page 22.

Performance of incidence and mortality studies

INCIDENCE DATA

If 2 community survey is carried out for a long enough period, it will afford
a direct measure of annual incidence rates as new cases of the disease are
encountered. For short-term surveys, incidence can be estimated only by
retrospective reconstruction of the appropriate series. Dangers here include
not only all the points already raised above, but also questions as to lost cases
because of migration, death or cure before prevalence day. Secular changes
in incidence are practically impossible to determine with such material.
Prospective ongoing surveys are not without their problems either. One
real point is a question of changing diagnostic criteria over time as medicine
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advances. There may also be an almost unconscious loosening of diagnostic
standards with time as the examiner keeps observing one ‘normal’ after
another. Another aspect is the interaction of the survey team with the study
population. This may lead to effective treatment or preventive measures on
occasion, but more often to a heightened awareness of illness in the com-
munity with a consequent greater propensity to report. Conversely, it may
lead to community resistance to attendance as boredom and lack of benefit
to the individual become apparent. All these may alter the incidence
recorded.

It is possible of course to measure mortality rates from population surveys
in 2 manner analogous to the incidence rates. But the usual death data are
not derived from such works.

MORTALITY DATA

The (underlying) cause of death on the official death certificate required in
all civilized countries is coded according to a three- or four-digit number
which represents a specific diagnosis within the International Statistical
Classification of Diseases, Injuries, and Causes of Death—the ISC* In the
United States a slightly altered version known as the ICDA is useds. The ISC
is revised every 10 years, and the changes in the current (eighth) revision
Wwere major ones.

Deaths and death rates for a large number of individual entities so coded
are published annually by the governments of many countries. For many of
these disorders the data are available by age, sex, race or colour, and geo-
graphical subdivisions of the country. When the causes of death are available
in such detail, international comparisons of death rates by cause can be
readily made after age-adjusting the rates to a single standard.

The great advantages of these materials are their current availability across
time and space for many conditions in which we have an interest. Geo-
graphical distributions are especially attractive, since most of the population
studies available are of necessity ‘spot surveys’ which may tell us little about
the areas that were not investigated. Most often, too, the numbers are larger
by magnitudes than our prevalence studies can provide.

The principal disadvantage is the question of diagnostic accuracy. Of
secondary importance are questions on coding practices including the choice
of the underlying cause of death. There are also the generally minor problems
as to demographic errors in both the numerator and denominator (age and
residence in particular). And not every disease is coded, nor are they always
defined in an optimal fashion. For example, ISC code 348 is motor neurone
disease and 348-0 is amyotrophic lateral sclerosis. But primary lateral sclerosis
is also code 348-0. The categories for cerebrovascular disease are quite poor.
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Still, for disorders which have their own specific code (and in particular
a three-digit code which is all that is obligatory under international rules),
which have a high case-fatality ratio and short survival, and which are readily
diagnosed by the average practitioner—the death data provide a valuable
resource.

In a few countries routinely, and in several others on occasion, there is
available a similar categorization of the deaths listed as contributory causes
or associated conditions. The sum of this grouping and those classed as
underlying would provide the data for total deaths with this disorder noted
on the death certificates.

Risk

“The basic premise of epidemiology is that disease does not occur randomly
but in patterns which reflect the operation of the underlying causes . . . that
knowledge of these patterns is not only of predictive value with respect to
future disease occurrence, but also constitutes a major key to understanding
causation. . . .’6. The ‘patterns’ mentioned are those which comprise the ‘risk
factors’ for a disease.

In simple terms, risk may be defined as the chances (likelihood, probability)
of an occurrence. For example, the risk of death from bronchogenic car-
cinoma within the general population in a single year is the annual death
rate from bronchogenic carcinoma. The risk of acquiring the disorder is
similarly the annual incidence rate. The cumulative risk from birth of
acquiring bronchogenic carcinoma would be the sum of the single-year
age-specific incidence rates after adjustment for expected survival.

The risk of bronchogenic carcinoma varies greatly with age, as we know.
Thus age is a risk factor for bronchogenic carcinoma. We generally consider
only the positive (deleterious) factors as related to risk, while their converse
would be ‘protective’ factors; strictly, of course, anything which alters risk
could be thought of as a risk factor regardless of its direction. Every con-
ceivable characteristic of macroclimate (the environment) and of the micro-
climate (the individual) is a potential risk factor for any and all diseases.

The principal risk factors considered routinely for diseases are age, sex,
race, time and geography. Spatiotemporal clustering may provide clues to
actiology, as may marked age predilection. In many illnesses one can
demonstrate differential risk between the sexes, but seldom does this lead
us very far unless the difference is striking (Duchenne dystrophy, for
example). Residence may extend to birthplace, and studies of migration
patterns between areas of different risk may be useful clues to cause. Age
of the parent may also be meaningful; there is a striking correlation between
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maternal age and the risk of Down’s syndrome. Racial predilections are
found among a number of conditions, and understood in a few.

But generally these basic factors have their principal value as items which
need to be accounted for when we search for other risk factors as causes or
precipitants of illness. We would believe these other factors to be important
as potential causes or precipitants when the risk in their presence exceeds
that in their absence regardless of age, sex, race, and geography. Among
those of potential importance but not often of aetiological value would be
marital and socioeconomic status, and occupation. Factors related to geo-
graphy (climate, urbanization, pollution, insolation, altitude, precipitation,
forestation, crops) need often be considered.

Among the microclimatic factors often investigated are blood pressure;
smoking and alcohol habits; medications; prior illnesses, operations and
exposures; and laboratory measurements, the last limited thus far only by
the state of the art.

Risk factors may be discovered either haphazardly or by design; they may
support or reject a hypothesis, or provide the basis for new ones. But the
more consistent, and especially the more specific the factors delineated, the
more likely are they to include (or lead to) the cause(s) of the disease.

RELATIVE RISK

So far we have been speaking of an excess of disease over that expected,
which requires a knowledge of the incidence rate. If the incidence of a
disease is 4 per 100 0oo population a year among individuals without factor
X, and 8 per 100 000 for those with factor X, then for factor X the relative
risk is 2.

When one does not have available true incidence rates, one can still com-
pare the frequency of disease occurrence between two groups which differ
only in terms of this factor. In this case, if twice as many with the factor
develop the disease as those without, then again the relative risk is 2.

Retrospective comparisons can also be made, and if a group of affected
differs from a group of matched controls on a given factor, this is then a
measure of risk. Relative risk in such case-control comparisons is defined as
ad/bc in the following table, adapted from MacMahon?:

Sactor case control
+ a b
- c d

totall  atc  b+d

It is the quotient of ‘hits’ over ‘misses’ in this circumstance.
The relative risk in general then is the ratio of the rate in the ‘exposed’ to
the rate in the ‘standard’ (‘unexposed’). The higher this ratio, the more likely
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is this factor to be directly related to the cause or precipitation of the disease
in question.

ATTRIBUTABLE RISK

The excess of the rate in those ‘exposed’ to a factor over the rate in the
‘standard’ not exposed to the factor is a measure of the disease risk attribut-
able to the factor. This is the amount by which the disease would be reduced
in frequency were the factor not present (by treatment or prevention).
Another example from MacMahon? may clarify these types of risk. This
lists the risk of death from bronchogenic carcinoma and from coronary
thrombosis according to smoking habits.

C.O.D. death rate per 100 000 attributable  relative
tion-smoker heavy smoker risk risk
bronchogenic carcinoma 7 166 159 237
coronary thrombosis 422 599 177 14
Comments

I hope the paragraphs above provide some understanding of what is sub-
sumed under epidemiology. We have considered only a few facets of the
discipline, little more than a brief elaboration of some of the basics. The
problems inherent in obtaining useful data should have emerged to some
degree, as well as their relations to the work of the ‘pure’ clinician or the
basic scientist dealing with human disease.

We have not at all touched upon the statistical handling of data—not for
lack of importance but rather for lack of space. While calculations of rates
are but simple arithmetic given the requisite data, tests for associations,
significance of differences, and many other manipulations are far from simple
—not so much in terms of their performance perhaps, but rather in their
applicability and their interpretation. Big differences with big numbers are
usually meaningful—unless there is also big bias. Small differences with
big numbers are ordinarily not of biological importance regardless of
statistical significance. With small numbers only big differences will test
out as significant; when they do not attain this level, no inference—positive
or negative—is really warranted.

Most of what we have covered is descriptive epidemiology. With considera-
tions of risk factors we get into analytic epidemiology, which is the attempt to
explain the patterns of disease found. There is also an experimental epidemiology
wherein one tests the hypothesis in view in a direct fashion. This is seldom
possible, and most of our epidemiological inferences must rest upon observa-
tion of the experiments of nature. The limits of potential risk factors in any
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disease are those of our own imagination, and even the strongest and most
consistent findings may be artefactual, or, if real, epiphenomena.

Still, we must live and work in the world we have. The clinician does not
leave a comatose patient unattended merely because the history is incom-
plete. After doing what evaluation is possible, he is forced to act on the basis
of his presumptive diagnosis.

If multiple sclerosis is our comatose patient, where do we now stand,
epidemiologically, in terms of our diagnosis?

Multiple sclerosis

The disease

Other chapters are devoted to the proper descriptions of this fascinating
illness. There are two aspects that might be in order here theugh, of which
the first is diagnosis. The diagnosis of MS is clinical. Seldom in any series—
whether epidemiological or not—has one proved this at autopsy in any
appreciable proportion of cases. Further considerations of diagnosis are in
Fog’s chapter (2).

But the clinical diagnosis is always one of gradation. Regardless of what
categories are used, some patients are more likely cases of MS than others. My
preference is to delete from epidemiological comparisons those classed as
‘possible’ or ‘unlikely” MS, and to limit attention to ‘probable’ and ‘definite’
or ‘clinically definite’ cases. Within these better categories, published series
are quite uniform in clinical characteristics, age, sex and course, regardless
of the source (save perhaps from the Orient). The ‘possibles’ are too hetero-
geneous for inclusion. Those who favour their inclusion make the valid
point that thereby not only are some true cases not excluded, but also they
are frequently the milder ones. This is true, and they are especially mild if
they are not MS. My brief for the stricter limitations is that even with the
possibles we do not have all MS. As alluded to elsewhere, subclinical deficits
are definable in most patients with the disease, lesions are doubtless present
before symptoms in probably all the patients, and in some persons the illness
never attains a clinically manifest state. The question is whether MS is a
lily-pad or an iceberg in terms of the diagnostic water-line, and this we do
not know. Certainly if it is an iceberg, missing the few MS among the
admixtures categorized as ‘possibles’ would have little influence.

IS MS ONE DISEASE?
The question without an answer is whether MS is (principally) a single
disease of a single actiology, or a syndrome of varied causation but with
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similar clinical and pathological features. My faith lies with the former, since
elucidation of cause in one group would then have applicability elsewhere.
The more features an entity has in common the more likely is it to be a
single entity. Most would agree that pathological and clinical similarities are
insufficient, and perhaps would maintain this view as well when age at
onset, sex and course are added.

We have one bit of information that might support the single-disease
concept.

For some years we have been studying a series of cases whose first diagnosis
of MS was made in US Army hospitals during the Second World War.
Based upon all records available to 1962, we reassessed their diagnoses. Of
the 762 cases the Army called MS, we reclassified 527 as ‘definite’ (476) or
‘probable’ (s1) MS, and considered 146 as ‘not-MS—other diseases’s. Of
these, 234/527 MS and 101/146 not-MS had been first diagnosed as MS
during their first bout of illness for which they were then hospitalized in the
Army?. The neurological deficits of these groups at onset examination are
compared in Table 4.1. Even for the groups it is difficult to decide which

Table 4.1 Percentage frequency of neurologic
involvement according to functional systems at
examination at entry to United States Army hospitals
in the Second World War for onset bout of ‘MS’ for
men later reclassified as MS and not-MS?

Functional MS not-MS
system (percentage with signs)
Pyramidal 88-4 632
Cerebellar 767 67°1
Brain stem 732 83-8
Sensory $4°S 343
Visual 231 317
Bowel and bladder 194 167
Cerebral (total, includes mood) 20°2 18-9
Cerebral (mentation) 1~ 81
Miscellaneous 151 17-7
(N) (234) (ro1)

should be the MS; there were somewhat fewer with pyramidal and sensory
signs and somewhat more with mentation impairment among the not-MS,
but the differences are certainly not great.

Conversely, in our epidemiological case-control comparisons of these
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same patients, there were striking differences found for the MS which were
not seen among the not-MS?®. One example is presented in Table 4.2.

Table 4.2 Case-control ratios for
socioeconomic status at induction
for ‘MS’ cases in United States
Army in the Second World War,
for men later reclassified as MS

and not MS:°

Socioeconomic Case-control ratios

status score® MS not-MS
0-69 069 1-06
70-109 0-81 082
110-149 1°35 113
150-200 1-61 094
Total 1°00 098
(N) (369) (108)

* Sum of scales for occupational
status and education

In this context then, those we had called ‘MS’ behaved as a group distinct
from their matched controls on a number of factors, as if they represented
one disease, while those we had called ‘not-MS’ were not differentiated from
their own controls on these same factors, as if they represented a syndrome—
a heterogeneity of discases (as they did).

We should point out though that the same factors which differentiated
the ‘true’ MS from controls were found (though somewhat weaker) when
the comparisons were made with the entire group of cases—MS, not-MS,
possibles and unknowns. This should give some assurance to findings from
‘dirty’ material. So long as a group is perhaps 2/3 or 3/4 ‘pure’ and the con-
taminants are heterogeneous, any differentiating factors found are likely to
be valid. On the other hand, the greater the ‘nois¢’ in the system the less the
reliance that can be placed on negative findings (lack of associations). My
preference for excluding ‘possible MS’ from studies rests in the realization
that even our ‘clinically definite MS’ are not always MS.

MS by age and sex

For some orientation to the epidemiological material, I shall present figures
representing incidence, prevalence and mortality rates from Denmark. In
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my view these data represent the best information available, and I use them
as the model for MS in a high-frequency area of the world.

PREVALENCE

The prevalence data are those of the nationwide MS registry of Hyllested!!
as of October 1949 (Figure 4.6). The ‘definite’ plus ‘probable’ cases numbered
2481, and their configuration (both sexes combined) differed very little from
the crude averages of the age-specific rates including ‘possibles’ which are
drawn for each sex in Figure 4.6. Note the clear maximum in the 40-49
age group, where the rate among females is some 180 per 100 000 and that
for males is almost 140.
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Figure 4.6 Age and sex specific prevalence rates per 100 000 population for multiple
sclerosis in Denmark from data of Hyllested!! (from 31)

With this almost symmetrical and central curve, the differences among
age distributions found for native populations of most of the world would
have little influence on the rates. Thus for most purposes, age-adjustment of
MS prevalence rates is unnecessary.
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INCIDENCE

By taking distributions at onset by age and sex for the Danish prevalent
cases of definite and probable MS as of 1949, the population distribution of
Denmark for 1940, and the average number of incident cases for 193945
(12886 per year), it was possible to reconstruct age- and sex-specific annual
incidence rates for MSt2, These rates are drawn in Figure 4.7, and demon-

1}

10

Rate per 100000 popuiation

Age

Figure 4.7 Average annual age and sex-specific incidence rates per 100 000 population
for ‘definite’ + ‘probable’ multiple sclerosis in Denmark calculated from the prevalence
series of Hyllested!! (from 26a)

strate the female excess in the young and the maximal incidence at age 25-29.
The annual incidence rate, all ages, is calculated as 3-35 per 100 000 popula-
tion (3-00 male and 369 female). Here too the configurations do not suggest
the need for age-adjustment in the usual material.

MORTALITY

Death rates for MS for the years 1963-68 are drawn in Figure 4.8%3. The
rates for MS as the underlying cause of death are represented by the lower
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Figure 4.8 Average annual age and sex-specific mortality rates per 100 0oo population
for multiple sclerosis in Denmark as the underlying cause of death and as total deaths.
Shaded portion represents the contributions from deaths coded as contributory cause or
associated conditions (from 13)

lines with open symbols, while those for all deaths with MS listed on the
certificate are defined by the upper lines with solid symbols. The shaded
portions are the contributions to the total death rate for MS when this
disease was listed as a contributory cause or associated condition at death.

Comparison with the incidence rate curves shows a fair degree of similarity
of shape and, for total deaths, of height, save that the one is about 30 years
beyond the other. The age at death showing the maximal rates is the 55-64
age-group, regardless of type of cause or sex. The arca under the total death-
rate curve is not greatly less than that of the incidence-rate curve, suggesting
rather complete ascertainment of MS deaths in Denmark.

This death-rate curve is not typical of that from all countries. In the
United States the underlying cause death-rates are almost plateaued beyond
age 45 with perhaps a slight maximum near age 70, while adding the
secondary causes produces in males (but not in females) a much sharper
maximum, again about age 70. Configuration of the curves for MS deaths
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in Norway is intermediate between those of Denmark and the United
States!3,

Although the age-specific death-rate curve for Denmark is still rather
symmetrical, it is shifted considerably toward the right along the age
spectrum. Adjustment for age then might well be thought indicated for
comparisons of death-rates in MS. For no source though, whether incidence,
prevalence or mortality, would it appear necessary to consider the sexes
separately, even though they do demonstrate a female predilection in MS.

CUMULATIVE RISK

There might be some interest in an answer to the question of what one’s
chances are of getting multiple sclerosis. For an individual born in Denmark,
there is about one chance in 500 of having this disease diagnosed (appro-
priately) during his lifetime. By means of the age-specific incidence rates
and tables of normal survival in Denmark, the cumulative probability from
birth (cumulative risk) is calculated at 0-002, somewhat less in males (0-0018)
and more in females (0-0022). After birth, the lifetime risk does not begin to
drop appreciably until about age 25. The full data will be published shortly4.

Geographical distribution

There is a massive literature on the geographical distribution of multiple
sclerosis, and no attempt whatsoever will be made to review either the
specific material or its development. I will try to provide a bare minimum
on death distributions, and as summary a statement as possible on the
morbidity data. This though is the epidemiological information which con-
stitutes the basic ‘facts’ on MS, upon which all hypotheses need to be built.

MORTALITY RATES
A very useful contribution was the paper by Goldberg and Kurland?s,
presenting death-rates for a number of neurological diseases from all the
countries which were able to provide the required data. For most lands the
deaths were those for § years within the 195158 period, and all the rates were
age adjusted to the 1950 population of the United States. All rates referred to
diseases coded as the underlying cause of death.

These death-rates from multiple sclerosis are drawn in Figure 4.9 from the
data of Goldberg and Kurland, but reorganized according to geography.

Note that the rates in most of western Europe are in the order of 2 per
100 000 per year or higher. The northernmost lands are close to 1 per 100 000,
as are Canada, US whites, and New Zealand. Deaths from the disease would
then appear overall to be notably less common in the latter countries, The
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Figure 4.9 Average annual mortality rates per 100 000 population for multiple sclerosis
from various countries, 195158, adjusted for age to the 1950 US population. Redrawn
from data of Goldberg and Kurland's

inclusion of Portugal in this ‘middle’ grouping may be questioned. There
are no morbidity data for Portugal. In Spain the crude death-rate from MS
for 1951-57 was recorded at 1-9 per 100 0006, but this is clearly an over-
estimate, as deaths from cerebral arteriosclerosis were included. Whether
this holds true for the Portuguese rate as well is conjectural.
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The rate from Iceland (03) is low, but would be based on only three deaths
in the s years considered; Iceland will be found below, page 112, to be of
high frequency for MS. Iceland should probably have been included in the
Scandinavian countries, where it belongs, but I put it between Europe and
the Americas, where it is located.

Within Europe there seems a sharp drop to the rates for the Mediter-
ranean basin. South American rates would seem rather low, as are those for
US non-whites (of whom more than 909, are negro). The Asian and African
rates are clearly the lowest recorded.

PREVALENCE STUDIES

Community surveys to ascertain the prevalence of multiple sclerosis in
varied parts of the world were largely pioneered by Leonard Kurland, then
of the US Public Health Service at the National Institutes of Health. The
methodology he set down in the early 1950s has become widely accepted,
and almost all of the better quality surveys follow his rules. If Hirsch of
Germany may be called the father of geographical pathology, perhaps Dr
Kurland is the father of neuroepidemiology. As most workers know, he has
been continuing his work at the Mayo Clinic for the last decade or so.

Before the Second World War, there were almost no proper prevalence
surveys for MS. Since the war they have been burgeoning, and I have
recently tried to put some order into these studies, which now number some-
where near 170—probably more than those of all other neurological diseases
combined!7- 18,

When first reviewed some years ago, it was my impression that prevalence
rates for multiple sclerosis divided the world into three areas, like all Gaul,
comprising high, medium, and low prevalence regions'. This impression
was based on the less than 50 works then available, and was contrary to the
prevailing opinion of a rather smooth relationship of MS frequency with
geographical latitude.

(a) Prevalence by latitude—The prevalence studies available for western Europe
are summarized in Figure 4.10, as a correlation of the rates with north
latitude. The numbers refer to specific surveys described elsewhere!7: 18,
The solid circles are what I have considered Class A studies, as representing
proper surveys with well-defined and comparable methodology and
diagnostic standards. Those I rated Class B (open circles) are good surveys
but have reason(s) why they are not fully comparable to those of Class A.
Surveys denoted by diamonds are Class C. These have obvious defects which
make them likely to be unreliable, and they should not be taken at face
value. Open boxes are Class E surveys, which represent an estimate of the
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Figure 4.10 Prevalence rates per 100 000 population for probable multiple sclerosis in
western Europe, correlated with geographical latitude. Numbers identify the specific
survey in Kurtzke1?. 18, Solid circles represent Class A studies, open circles Class B,
diamonds Class C, and squares Class E. Vertical bars define 95%, confidence intervals of
the rates (from Kurtzke!?)

prevalence from the ratios of MS to ALS cases in series from hospitals.
Relative frequencies from hospitals appear in a later section below.

The vertical bars define the 95%, confidence intervals for each rate. What
this means is that, if the cited rate arose from a random sample of its parent
universe, the ‘true’ rate for this universe would be found to lie within this
interval 19 times out of 20. Therefore it might be better were the bar to be
taken to represent the likely prevalence for the community rather than the
locus of the symbol, which was the actual rate as measured. At least, one
should not pay too much attention to the precise digits, nor to minor
differences among them.

It scems to me that MS in western Europe is distributed according to
latitude within two clusters: a high-frequency zone with prevalence of some
30-80 per 100 000 population (or more) extending from about 43° to 65°
north latitude; and a medium-frequency zone with prevalence of some 5-25
per 100 000, and mostly 10-15, from about 38° to 46°.
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Similar data for eastern Europe are drawn in Figure 4.11. Note the relative
paucity of good quality studies. There still seems to me to be a disposition
of the rates into the same two frequency zones; high from about 45° to 65°
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Figure 4.11 Prevalence rates per 100 000 population for probable multiple sclerosis in
eastern Europe and Israel, correlated with geographical latitude, as in Figure 4.10
(from 17)

and medium from 32° to perhaps 50° or so. Certainly though in eastern
Europe, latitude alone does not serve fully to separate the two risk areas.

The mortality data for Europe (Figure 4.9) had also indicated a decrease in
the south versus the north. Survey number 40a in Figure 4.10 is from Spain
and 41-s71a are from Italy. The Scandinavian rates (numbers 10-24a) need
more elaboration, but there there is support in nationwide prevalence studies
for the lower death rates reported, as will be mentioned below. Iceland has
numbers 23-24a and is clearly high, despite the mortality rate.

Prevalence surveys from the Americas are denoted in Figure 4.12. Here
we see all three risk zones: high frequency from 37° to 52°, medium fre-
quency from 30° to 33°, and low frequency (prevalence less than s per
100 000) from 12° to 19° and from 63° to 67° north latitude. The contermin~
ous United States and southern Canada are represented by all the surveys
from 88-119a, except for numbers 106 (Greenland), 109 (Jamaica), 113
(Alaska), 117 (Netherland Antilles), and 118 (Mexico City). The prevalence
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Figure 4.12 Prevalence rates per 100 000 population for probable multiple sclerosis in
the Americas, correlated with geographical latitude, as in Figure 4.10 (from Kurtzke 7)

rates for the northern United States and southern Canada are quite similar
to the high-frequency rates of western Europe. The lower death-rate for
the United States would thus reflect the inclusion of two separate risk areas.
By inference then, northern Canada may also be low, but there are no data.
The few rates available for Latin America support their even lower death
rates, but we have absolutely no population-based information from South
America, where some of the death-rates were rather high.

Thus, within parts of the United States and Canada, the reported preval-
ence is as high as in western Europe, while the remainder of the rates in these
lands match those of the Mediterranean basin.

Australia-New Zealand comprise principally a high frequency zone for
44-34° south latitude, and a medium frequency region for 33-15° south
(Figure 4.13). The recorded rates which are considered high though are to-
ward the lower end of this range.

Rates from Asia and the Pacific in the northern hemisphere are all low,
except that Hawaii (numbers 145, 146) is likely to be in the medium zone
(Figure 4.14). These study sites extend from 8° to 47° north latitude. In the
southern hemisphere with surveys from 30° to 6° south, all rates from Asia
and Africa are also low, except for English-speaking native-born whites of
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Figure 4.13 Prevalence rates per 100 0oo population for probable multiple sclerosis in
Australia and New Zealand, correlated with geographical latitude, as in Figure 4.10

(from Kurtzke 17)
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Figure 4.14 Prevalence rates per 100 000 population for probable multiple sclerosis in
Asia and Africa (northern hemisphere), correlated with geographical latitude, as in
Figure 4.10 (from Kurtzke 7)
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South Africa (number 156), as seen in Figure 4.15. These rates would support
the death data of Figure 4.9.
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Figure 4.15 Prevalence rates per 100 000 population for probable multiple sclerosis in
Asia and Africa (southern hemisphere) correlated with geographical latitude, as in
Figure 4.10 (from Kurtzke 17)

(b) Prevalence by longitude and latitude—While there seems to be then a
reasonably clear separation into three zones of MS, latitude alone appears to
be an insufficient criterion both in Europe and America; and in Asia and the
Pacific, latitude does not seem to be a factor at all.

Figure 4.16 represents an attempt to describe the rates in Europe by both
latitude and longitude. Parallels of latitude, with open numbers, run diagon-
ally upward from left to right, while meridians of longitude, with solid
numbers, run diagonally downward. The prevalence surveys are again
denoted according to quality with the same symbols, and designated by the
same numbers as in Figures 4.10 and 4.11. The prevalence rates themselves
are measured by the height of the vertical bars, and the locus of each study is
at the foot of each bar.

The areas of special interest are the grids between s0° and 40° north
latitude and 0° and 20° east longitude. There is a sharp drop in MS preval-
ence within these grids, along an arc that extends from about 50° N, 20° E,
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Figure 4.16 Prevalence rates per 100 000 population for probable multiple sclerosis in
Europe, correlated with geographical latitude and longitude. Symbols are as in Figure
4.10. Locus of each study is at the base of the bar, and the height of the bar is the pre-
valence rate with the scale in the top left comer of the figure (from Kurtzke 18)

through some 47° N, 10° E and 45° N, 5° E, toward about 40° N, 0° E.
The division eastward is not clearly defined, and may extend well north of
50° N, 30° E.

To either side of this dividing line, most of the rates are of similar magni-
tude within their own region: high to the north and distinctly lower to the
south.

We can simplify the presentation considerably if we accept prevalence
rates of 30-80 per 1000000 population (or more) as representing high-
frequency MS, those of s—25 as medium-frequency, and those under s per
100 000 as low-frequency MS. We can further group the studies into ‘good’
(Class A, B, E) and ‘poor’ surveys, the latter including not only Class C
but also several relative frequencies (percentages) from hospitals within the
USSR.

In this manner we can define the frequency of multiple sclerosis for
Europe and Africa in one figure (Figure 4.17). Note the western European
cluster of high rates surrounded on three sides by medium rates (and on the
fourth by water). The sparse African and southwestern Asian rates are low,
save for Isracl and the one ethnic group of South Africa, which are medium.
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Figure 4.17 MS frequency by latitude and longitude in Europe and Africa. Ovals and
Xs represent ‘good’ studies (Class A, B, E), and vertical diamonds and +s ‘poor’ studies
(Class C, 9%). Solid symbols are high frequency MS survey sites, open symbols are
medium frequency, and xs and +s are low frequency as defined by prevalence rate
ranges. Only one study per site is plotted (from Kurtzke!$)

More geographical orientation is provided by plotting the surveys for
Europe directly on the map (Figure 4.18). Here solid squares represent all
high-frequency surveys regardless of quality, and open (actually shaded)
squares represent all medium ones. The triangles reflect rates which may be
medium or low, but are likely to be medium.

The heavily shaded part of the map defines the high-frequency MS zone
of Europe, and the dotted portion defines the medium-frequency MS band.
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Within the heavily shaded portion the dashed line may be the actual separa-
tion of high- from medium-risk areas, but the data are inconclusive?8. It
may be seen from prior figures that many of the open squares in the shaded
part are in fact Class C studies.

Not too apparent on the southwestern coast of Norway (dotted) are two
open squares which reflect good surveys. The configuration for the remainder
of Scandinavia will be documented below. The eastward (and northern)
extension of the high-risk zone across the USSR is poorly defined, as in
fact is the further eastward delimitation of its medium-risk area.

In the same fashion as in Figure 4.17, we can describe MS distribution in
the Americas (Figure 4.19). Again the high-frequency zone is bounded by a
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Figure 4.19 MS frequency by latitude and longitide in the Americas, as in Figure 4.17
(from Kurtzke’8)
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medium-frequency area (or water), which in turn gives way to a low-risk
zone. Note too how many fewer studies than in Figure 4.12 there are when
only one per survey site is plotted.

The rates from Asia are spotted in like manner in Figure 4.20. The high-
risk ‘band’ is New Zealand, southern Australia—and ocean. To the top left is
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Figure 4.20 MS frequency by latitude and longitude in Asia, asin Figure 4.17 (from
Kurtzke18)

what may be the eastern limit of the Eurasian medium-frequency zone. All
other medium-frequencies are from Australia, and the remainder of Asia is
low.

(c) Clustering—When the entirety of a single country is surveyed at a single
time by a single team, then it is possible to describe the geographical dis-
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tribution across the land in some detail. Such surveys have been accomplished
for Norway, Denmark, Sweden, Switzerland, Northern Ireland, northern
Scotland, the Netherlands, Iceland and Finland. Repeated surveys covering
different generations of patients (and doctors) have been accomplished for
Norway, Denmark and Switzerland.

While the distribution within Northern Ireland was uniform and that
within the Netherlands and Iceland rather equivocal, in all other countries
surveyed there were very highly significant deviations from homogeneity,
and the high-rate areas tended to be contiguous, forming clusters or foci.
The differences in the rates between the highest and lowest regions were in
the order of 6-fold on the average, and thus the variations would seem of
biological as well as statistical significance?®: 21. Essentially the same clusters
were found when small geographical units rather than the large counties
were used as the units for testing?2. In Denmark the clustering was across
middle Jutland on to Fyn, the island next to mid-Jutland; in Switzerland the
concentration was in the northwestern part of the country. The MS distribu-
tions were not related to availability of medical facilities, including hospitals,
hospital beds and admissions, all physicians, and neural specialists?3.

Not only was there clustering of MS, but in the lands resurveyed a genera-
tion apart, there was a very strong correlation between the early and the later
distributions, with coefficients of correlation of about 0-824-25. In Figure 4.21
the rates by county from each survey are correlated for the three countries
with such data: Denmark, Switzerland, and Norway. Each county rate is
expressed as its percentage of its own national (mean) prevalence rate at each
survey.

With this evidence of stability over time, it was thought appropriate to
compare studies from neighbouring countries to determine whether any
broader pattern might be apparent. In this fashion, the high-frequency MS
areas appeared to describe one single Fennoscandian focus?s- 260, With the
smallest test-units available, this focus extended from the waist and south-
eastern mountain plains of Norway eastward across the inland lake area of
southern Sweden, then across the Bay of Bothnia to southwestern Finland,
and then back to Sweden in the region of Umea (Figure 4.22).

(d) Comments—This clustering, as well as the broader geographical dis-
tributions already considered, mean to me that the occurrence of MS is
intrinsically related to geography, and therefore that MS is an acquired,
exogenous, environmental disease.

While perhaps agreeing with the final phrase as not unlikely, eminent
authorities have not been overly impressed with this evidence for clustering
in MS. Acheson?? thought the Fennoscandian focus to be ‘much more
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Figure 4.21 Correlation of the distributions of MS by county between old series and
new series of prevalence surveys of three countries, each covering different generations
of patients: Denmark (solid circles); Switzerland (xs); Norway (open squares). Each
county rate is expressed as the percentage of its respective national (mean) rate (from
Kurtzke?5)

problematical’; and Kurland?? stated that ‘convincing proof of focalization
must await the recognition of some meaningful pattern’, by which he meant
a biological explanation for the clusters. And this is most definitely not
available to date.
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Figure 4.22 Distribution of MS in Fennoscandia. Areas significantly above their re-
spective national means (x2> 4-0) are in solid black; those high of dubious significance
(X2 2:0-4-0) are cross-hatched; those insignificantly high (x2<2-0) are diagonal-lined;
those below the national mean are unshaded. Unit boundaries are omitted. Data represent
cumulative death rates within 104 small units of Norway (1951-65); prevalence rates
from hospital cases within 106 small units of Sweden (1925-34); disability prevalence
rates within 20 hospital districts of Finland (1964) ; and childhood prevalence rates within
23 counties for the national series of Denmark (1949). Fine horizontal shading represents
lakes in Sweden and Finland (from Kurtzke2s)
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The incorporation of two zones of MS frequency in Scandinavia would be
a likely explanation for the lower death-rates recorded in Figure 4.9 versus
their southern neighbours, just as in the United States. Also, as in the United
States, the zones would be high and medium. No area of high prevalence for
MS has been found appreciably above 65° north latitude. But latitude—as
stated above—is far from a sufficient criterion. At 40° north latitude, for
example, MS is of high frequency in America, of medium frequency in
Europe, and of low frequency in Asia.

In closing this section on prevalence, the curious may wonder why no
attention has been paid to incidence rates by geography, since incidence is
generally a more meaningful reflection of disease than is prevalence. The
reasons, aside from the fact that for MS the prevalence rates are certainly the
more stable, are (a) a paucity of such studies; (b) rates from several include
persons affected before residence in the survey site which in turn is a diag-
nostic centre; and (c) most of them are in fact reconstructions derived from
prevalence data.

MIGRATION

So far, most of what has been presented would meet with little major
argument from workers in the field, aside from the clustering. There are still
some who prefer latitude as a predominating factor, but virtually all neuro-

Table 4.3 Average annual crude death rates per
100 000 population for MS according to
birthplaces of foreign-born whites who died in
the United States, 1959-61, compared with
reported rates for natives of the same countries,
19515829

Immigrant rates  Native rates for
Country of origin  (United States)  country of origin

Ireland 29 2-8
Germany 16 2:3%
Czechoslovakia 15t 2'1
Austria 2°3 22
Norway 17t 17
Canada 16 10
Sweden 17t 12
Italy I0 07
Mexico o'st o1

* West Germany
1 Rate based on less than 20 but more than five
deaths in three years
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epidemiologists I know are quite agreed that geography is intrinsic to MS,
and that MS is most likely an environmental disease. We now enter another
aspect wherein many agree on the overall impressions, but differ in inter-
pretations—and wherein the data themselves pose a number of problems.
This is migration.

In Table 4.3 are crude death-rates for MS among immigrants to the United
States, versus the crude rates for natives of their country of origin29. It
appears from their similarities that MS patients carry with them the risk of
their birthplace—but most of the rates deal with high to high migration
sites. Table 4.4 summarizes material on prevalence rates (all ages) among
immigrants to and from different MS risk areas3?-31. The specific studies are
cited in the aforementioned references. The rates are those regardless of age
at immigration and of time of clinical onset of MS in reference to migration.

In broad terms, the immigrants do tend to retain the MS risk of their
birthplace. ‘Risk’ is defined according to the same three frequency zones
previously discussed. The evidence for risk retention is better for immigrants
from high-risk areas to low than is the reverse, where there are in fact almost
no data.

Table 4.4 Prevalence rates per 100 000 population for
probable MS among native-born and immigrants

(modified from 3°)

Immigration site Prevalence rates among

according to its Native Immigrants from risk areas

own MS risk born High Medium Low
High

S. Australia 38 37 4 —
Medium

Perth, W. Aust. 40% 87% —_ —_

Perth, W. Aust. 14 22 — —

W. Australia 10 31 — —

Queensland 9 15 — —

Israel ot —19F— 6t

Israel (crude rates) 4 33 8 3
Low

South Africa 61 48 15 —

Neth. Antilles 3 59 — —

Hawaii s —_—3 —

* Age-specific rate, 40—49 years

1 Age-adjusted to 1960 US population

1 Rate of 3 for Afrikaners and 11 for English-speaking
whites
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Two points are worth noting. First, in no survey is the rate for immigrants
born in high~frequency areas higher than that expected of their homelands.
This is important when we come to interpretations. Secondly, the migrants
to Australia—all but one group from high risk countries—appear to have
appreciably lower rates than expected for their homeland. This though is
explicable by Australian immigration laws dealing with the disabled; few of
these MS migrants would be likely to have had clinical onset—or at least
diagnosis—before immigration. In the South African study to be discussed
below, about half the European immigrants were symptomatic before their
move. Were this to apply to Australia, then the immigrant rates there could
perhaps be doubled.

The Isracli data should be considered from the age-adjusted rates, since
their several populations have strikingly different age compositions. The
European immigrants too include many survivors of the concentration
camps of the Second World War, who are a very select group. It may be
that the Afro-Asian immigrants (low risk) to Isracl (medium risk) have an
increased frequency over that of their birthplace, but it is really too early
to be sure.

Other data on low to high areas are sparse. Dassel32 recorded three instances
of MS among immigrants from Indonesia to Holland. Their onsets were at
ages 17, 23, and 25 years, and took place respectively 7, 9, and 8 years after
their arrival in the Netherlands. They are probably whites of Dutch origin,
but neither this nor the population at risk was provided. Regardless, three
cases out of what is likely to be a small migrant group looks impressive.

We have discovered three instances of exacerbating-remitting MS among
a series of some 3400 children who were born in Vietnam of Vietnamese
mothers and French fathers, and who came to France under the age of 2o0.
At interview in 1975, 80%, were age 20-39. The three patients each had
clinical onset about 15 years after immigration, which for them was under
the age of ten. Their crude prevalence rate for MS was 89 per 100 000, with
a 95%, confidence interval of 18-260. Since the group is still at risk for MS,
adjusting this rate for age would be misleading. The age-specific prevalence
rate was 169 per 100000 age 20-29 (confidence interval 35-494). It appears
then that these half-Oriental Asians have a significantly higher rate than had
they stayed home, but whether it is really as high as expected in France is not
known at present33. Further evidence on migration appears with considera-
tions of age.

(a) Age of migration—If one grants there is to some degree a retention of
birthplace risk in MS for migrants from high to low-frequency areas, the
next question would be whether this is dependent on age. If this risk is
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acquired at or near birth (or is innate), then birthplace alone and time of
birth would be the critical point.

In the United States, death-rates for MS are distributed so that the states
to the north of 37° north latitude have twice the rates of those to the south.
One should see the mirror image of this distribution for those who exchange
risk areas (between north and south) between birth and death, if birth is the

Table 4.5 Migration in multiple sclerosis:
ratios* of death rates for residence at birth and
death in high and low MS risk areas of
Norway and United States?®

Place of birth
Place of US (1959-61) Norway (1951-65)
death High Low High Low
High 1-00% 0-68 1-00% 057
Low 087 0746 0°59 0°44

* High/High=1-00

critical time. In fact though, one sees almost an obliteration of the north~south
difference when such migrants are considered, as illustrated in Table 4.5. In
the US the ratios of Table 4.5 are also the actual death-rates. Similar data

Table 4.6 Multiple sclerosis: mean annual death rates
according to birthplace, California and Washington,
ten years to 1964*

Death ratet

Group California Washington

US white, born in state 0-9 (0-8-1°0) 15 (1-2-1'8)
US migrants from north} 0-8 (0'7-0-9) 1-3 (1°1-1'5)
US migrants from south§ 04 (0°4—0°5) 0°5 (0'3-1-0)

* Recalculated data of Detels, R., ef al.: J. Chronic Dis.,
25, 3, 19723

T Per 100 000 population, adjusted to age and sex (95%
confidence interval)

i New England, West North Central, East North
Central, Pacific, Middle Atlantic census regions

§ East South Central, West South Central, South
Atlantic census regions
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are also found for Norway. Regardless of direction, those who change risk
areas no longer differ significantly as to their MS death-rates.

However the death-rate for US southern-born MS who had died in the
north (0-68) was significantly higher than that for the southern-born who
died in the south (0-46). Thus it would also appear that moving north does
increase the risk of MS.

Our US data were limited to seven of the nine US census regions which
lie in the eastern two-thirds of the country, since the Mountain and Pacific
regions extend from Canada to Mexico. Detels ef al.3¢ provide additional
information for the west coast (Table 4.6). Here the small numbers of
southern migrants show no significant difference when they move north, but
the northern migrants to California have a significantly lower death-rate than
those who moved to Washington. Similar findings are seen for the preva-
lence study that Detels (personal communication) has been conducting there.

Table 4.7 Residence by tier in United States at
birth, at induction and in service, expressed as
case-control ratios, for MS patients in the United
States Army in the Second World War2?

Time of residence

Tier Birth  Induction  In service*
Northern 1°4$ 1-38 1:03
Middle 086 086 0°99
Southern 075 0-80 1-07
Total 1-01 1°00 1-03
No. of residences 373 388 578

p <0°0I <0°01 >0-'10

* Residences in service prior to clinical onset only

Therefore, the critical time for risk acquisition in MS is well after birth
regardless of birthplace. In Table 4.7 are case-control ratios for residences
among our US Army series of ‘definite + probable MS’10-29. The very clear
difference in MS risk (as defined by the ratios) that was present for residence
at birth or at entry into service had totally disappeared in the rather short
interval between entry and clinical onset. We cannot differentiate between
birth and induction residences since they were the same place for about 85%
of the men. The inference here is that the critical age in risk of MS is well
before age 20 or so.

From ages of maximal clustering of MS in Denmark and several other
features, it was ‘tentatively concluded that the actual onset of MS appears to
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take place on the average between the ages of 10and 15 years, and that there is
probably a “latent” or “incubation” period of some 20 years before the onset
of clinical symptomatology’?s Included in this assessment was an ingenious
approach to the problem by Poskanzer and his colleagues36. They considered

Table 4.8 Childhood onset and ‘incubation’ in multiple
sclerosis: common exposure periods in 16 sibling-pairs with
MS in Northumberland-Durham (adapted from 3¢)

Mean of individual Mean total
Mean age at average ages of years of Mean years
clinical onset  common exposure common residence  of ‘incubation’
338 12:9% 19:9% 20°§
338 122t 18-31 213

* To end of common residence or clinical onset of second case if
earlier
T To end of commonresidence or clinical onset of first case if earlier

that, for siblings both of whom had MS, any common exposure would likely
have occurred while they were living together (Table 4.8). The period of
cohabitation before onset averaged almost 20 years, and the mean age of such
common exposure was 12 or 13 years of age, with a mean ‘incubation’
period then of some 20 years. The mean minimal exposure time was six years

Table 4.9 MS prevalence rates,
all ages, per 100 000 immigrants
in 1960 according to age at
immigration (AAI) for northern
European immigrants to
Republic of South Africa

(modified from 38)
AAI UK all
0-I4 12-8 12:9
15-19 66°1 811
20-24 31-8 313
25-29 594 584
(20-29)  (4577) (44°9)
30-39 58-2 524
40-49 577 62:4
50+ 70°$ 80-8

N 65 114
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to the first case and 16 years to the secondss. About all these means though
the range was considerable.

In one study at least, we were able to define a very specific age that was
critical for the risk of MS, and this concerned a survey of European im-
migrants to South Africas’. For such immigrants, the MS prevalence rate,
adjusted to a population of all ages, is provided in Table 4.9 according to age
at immigration38. For immigration under age 15 there is the same medium
prevalence rate as for the native-born English-speaking South Africans3o.
But for all older age groups, the prevalence is about what one would
expect from their high-risk homelands. This change is sharp, as seen from
Figure 4.23, where each MS immigrant is represented by his own horizontal
bar. The height of the bar on the y axis reflects his age at immigration, and
the length of the bar denotes the number of years between immigration and
clinical onset. The diagonal is the average age of clinical onset for the entire
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Figure 4.23 Age at immigration (y axis) and years from immigration to clinical onset
(% axis) for each of 114 northern European immigrants to South Africa ascertained as
multiple sclerosis in 1960 prevalence survey (from Kurtzke3©)
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group. It is clear that there were very few immigrants who developed MS if
they arrived under age 15, as opposed to the large number who arrived
beyond age 15. In this series then, age 15 was critical for the acquisition of
MS among those who came from high-risk areas.

Two alternative explanations for this age selectivity have been put forth.
The first is that arrival before age 15 in a low-frequency area protects one
from MS. The other is that by age 15, one has already acquired the disease in
high-risk areas, and his residence thereafter is irrelevant to its clinical ex-
pression. To define which of these is correct could well give us the answer as
to what indeed is this disease we call multiple sclerosis. I believe that for those
born in high-risk areas the disease is acquired near the age of puberty, and
geography thereafter plays no role. What the limits of susceptibility are, such
as for migrants fo high-risk regions, is not yet clear. Nor is it clear—despite
all the above—that the age of acquisition or the ‘incubation’ period is so
sharply delimited. But discase onset well before clinical manifestations does

seem highly likely.

Predilections for MS

FAMILIAL FREQUENCY
For a number of years it has been well known that more cases of MS appeared
within families than one might expect, and not all of them could be at-
tributed to inclusion of the heredofamilial ataxias. The frequency of multiple
cases in families within published series is in the order of 6%, with a range of
2 to 17%. Among these series the frequency of MS among sibs and parents
was about 1 and 0:5%, respectively. When these last are corrected for birth
rates and likely survival, we can estimate the prevalence to be in the order of
400 per 100000 for siblings and 200 per 100000 for parents. If one ignored the
selection bias of most of the series, these rates would be about eight and four
times the expectations for the general population in areas considereds.

Within Hyllested’s™ national prevalence survey of Denmark, there had
been 152 familial cases among 2731 MS. The living familial MS at prevalence
day included 44 sibs and 10 parents. The prevalence rate for sibs was 362 per
100000 (44/12146) and for parents 183 (10/5460), being respectively six and
three times the concurrent prevalence of 64 per 100000 for the general
population. Thus it is likely that there is truly an increased risk of MS among
siblings of the affected; some reservations may still be made as to their parents,
though a modest excess does seem probable for them as well.

The explanation for the increase again brings up the nature-nurture
controversy. As to the genetic aspects, the proponents point to either
multifactorial (polygenic) inheritance or autosomal recessive inheritance with
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reduced penetrance. Unbiased data on twins, which might settle this point,
are unavailable. They further indicate the rarity of conjugal MS (which
seems to be about that for the general population) as an argument favouring
a genetic influence. This last argument though is not valid if childhood onset
and long latency are the fact. My own view has been that a genetic factor is
unnecessary to consider in seeking an explanation for the cause (not that there
cannot be one), which cause to me lies in the environment.

The recent evidence that, especially in northwestern Europe and the United
States, there may be immune response genes associated with MS has re-
awakened the controversy. Jersild ef al.# have recently reviewed the data.
The major histocompatibility system determinants (MHS) in man are the
HLA-A, B and C serum antigens and the lymphocyte-defined (HLA-D) cell
antigens. In these lands, HLA-A3 and HLA-A7 are about twice as common
in MS as in controls, with several others of their HLA-A and HLA-B series
also high. HLA-A3 is usually linked with HLA-B7, and the latter is thought
the major factor in MS.

With the mixed lymphocyte culture (MLC) method (HLA-D), the HLA-
DW2 determinant (linked in half the population with the HLA-A3, HLA-A7
haplotype) was found to be some five times as frequent among MS as among
controls (though with small numbers). Somewhere between  and $ of MS
cases were found to carry HLA-DW2 as opposed to perhaps one-fifth of
normals.

Whether these determinants (or the HLAs which are low) are linked to an
‘MS susceptibility’ (or an ‘MS resistance’) gene is being actively pursued.
Further discussions on this fascinating topic are elsewhere in this volume
(Chapter 2). This is an area which has stimulated those involved not only in
the genetic but also in the immunological aspects of MS—including the
therapeutic.

We should recall though that no one pattern is unique to MS, and in
different parts of the world very different ‘immune response genes’ may be
found associated with this disease. I do not believe that the evidence so far
watrants any erasures in the previous sections of this chapter.

RACE AND COLOUR

While the histocompatibility antigens may still be deemed sub judice as to
the individual, they should also perhaps be considered as well in terms of
‘macrogenetics’ or ‘population genetics’.

As recently as 1970, there was ‘uncertainty as to selection by race’2s,
independent of geography for MS. Within the Army series noted above,
negroes were about half as frequent among the MS as service-wide pro-
portions would suggest, regardless of birthplace or induction residencer®.
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We have recently been investigating a much larger series of all US veterans
who are ‘service-connected’ for MS. Service-connection requires evidence
of symptomatology of MS either during military service or within seven
years of discharge from service. Thus, for Second World War veterans, we
have in essence a ten-year-incidence material of nationwide composition.
These cases we have matched with military controls (before they were ill.)
The original matching provided 5318 pairs of cases and controls, with over
4200 from the Second World War, some 9oo from the Korean War, and
over 200 from both wars#?. The full paper is still in preparation, but Table
4.10 shows case~control ratios for the major sex and race groups. There is a

Table 4.10 Multiple sclerosis: case-control ratios by sex and race
according to tier of residence at induction, for veterans of the
Second World War* (from +2)

Tier of induction

Sex and race Total North Middle South
Total (ratios) 1-00 1-38 I-0I 053
White female 1-91 271 1°94 078
White male 1-04 1-38 1°04 057
Black male 0°40 0°5S — 0°50 029
Other male 029 027t o1t 033
Total (case/control) 4401/4391  1924/1395  1857/1834 620/1162
‘White female 162/85 84/31 60/31 18/23
‘White male 4097/3943  1819/1322  1736/1677 542/944
Black male 120/303 17/31 58/116 45/156
Other male 17/59 3/11 1/9 13/39

* Includes those who also served in Korean conflict
T Unstable due to small numbers (case + control <20)

clear excess of females among the whites and a clear deficit of black males,
regardless of geography. The ratios for black males are about the same as we
had previously found with the much smaller sample and without matched
controls.

Further detail on the ‘other’ males, those who were neither white nor
black, is provided in Table 4.11. The apparent deficit for Mexican-Americans
(6/10) is more likely a reflection of geography than of race. On the other
hand, while the numbers are too small for confidence, they suggest a paucity
of MS cases among Amerindians (3/8) and Japanese-Americans (2/4) regard-

less of birthplace.
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Table 4.11 Multiple sclerosis: case control ratios for
‘other’ males (neither white nor black) by birthplace
and race, for veterans of the Second World War,
and/or Korean War (from +2)

Birthplace and race Ratio  Case/control
Conterminous US 0-48  11/23% (N 6/12 S §/11)T
Amerindian 0-38 3/8 (N 3/6S o0/2)
Mexican-Sp. Am. 0-60 6/10 (N 1/1 S 5/9)
Japanese 050 2/4 (N 2/4 S ofo)
(All white male) (104 — (N12So06)
Mexico, Central Am.
Mexican-Sp. Am. 0-00 ofs
Puerto Rico
Puerto Rican 038 6/16
Hawnaii
Japanese 0-00 o/10
other 0-00 o/s
China
Chinese 0-00 o/4
Philippines, SE Asia
Filipino 000 of9
other 000 o/1

* One Filipino control included
T Ratios of cases to controls for those born in northern
and middle states (N) or in southern states (S)

The low ratios for all servicemen born outside the conterminous United
States may reflect either race or geography, or both. To explore this further
we looked at all foreign-born servicemen regardless of race (Table 4.12). In
Latin America including Puerto Rico, there is no evident difference by race,
but a significant deficit by geography. In Hawaii the deficit is among
Japanese (0/10) and perhaps the Polynesians (0/s), while the single white case
has a single control. In the rest of the Orient there is a significant difference
for Filipinos as well. In these case-control comparisons, the smallest number
which excludes a ratio of 10 at the 959, level is 0/6.

From these data, there arises the real possibility of at least a relative pro-
tection against MS for Orientals, irrespective of geography. It is said, by the
way, that Japanese have little or no HLA-A3 antigens.

Detel’s group in California was unable to find a single case of MS among
12000 Japanese-Americans in Seattle, Washington, where the native white
prevalence rate was 69 per 100000. The 95%, confidence limit on the rate of
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Table 4.12 Multiple sclerosis: case-control ratios according to race
and birthplace in selected regions, United States veterans of the
Second World War and/or Korean War (from +2)

Case/control
Region Ratio Total White  Black  Other
Mexico, Central America 014 2/14 1/9 1/~ —/s
Puerto Rico 042 14/33 6/14 2/3 6/16
Hawaii 006 1/16 1/1 —/- ~/15
Japan, Korea — 4/~ 4/- -/~ -/~
China 000 ~/4 -/~ -/- -/4
Philippines, Southeast Asia 000 -/12 ~/2 -/~ -/10

o would be 31 per 100000. There were 8/84000 Japanese-Americans born
in Los Angeles for a crude prevalence of 10 per 100000, significantly lower
than the native white rate of 2243, The numbers cited here are modified
from the abstract based on further data from this group (Detels, personal
communication). There is therefore support for their thesis that MS is rare
in Japanese-Americans. Detels found no cases of MS among 20000 Japanese
immigrants to Seattle or 4000 to Los Angelcs.

COMMENT

Thus there is growing evidence for racial predilection in MS. Negroes in
the United States have less than half the risk of whites, regardless of geog-
raphy, and this may be true as well for Amerindians. Japanese from the
continental US and Hawaii, and Filipinos from the Philippines are also
relatively ‘immune’, as would be the Bantu of South Africa. MS, therefore,
is the white man’s burden.

Looking back on the geography, we may see that all high-risk areas for
MS—and indeed all medium-risk areas as well—are in Europe or in European
colonies (like the United States). It would seem then that MS is the western
European disease, which has been spread to other parts of the world.

‘Further work is necessary to see if one can define better the nature and the
timing of the spread from Europe to other lands. Unfortunately early
information on MS frequency is largely anecdotal. There is some evidence,
though, that the distribution of MS in the United States has changed in this
century. There is also evidence that the clustering of MS seen in Scandinavia
and Switzerland has become less pronounced over time, further suggesting
diffusion of the disease2s. There is also the curious difference in risk between
the two groups of native whites of South Africa that requires exploration,
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but that could indicate the establishment of MS as a reasonably common
disorder in that land within the past few decades™s.

Where within Europe the disease originated is sheer conjecture, even
should one accept the above. Were I forced to speculate (and not to docu-
ment), I might hazard the guess that MS could have originated in Scandinavia,
possibly in southern Norway; when, however, is even more tenuous.

Quo vadimus?

Where then are we going in this disease? More precisely, can epidemiology
really help define its cause(s)?

The prevailing opinion about MS for much of this century up to the 1950s
had been that MS was some sort of allergic (or hypersensitivity, or auto-
immune) disease. Thus a bevy of workers have dedicated their lives to
EAE (experimental allergic encephalomyelitis). Very few neurologists then
thought seriously about an infectious origin, and virologists thought not at
all of the disease.

I think it is safe to say that the attention of virologists to MS has been the
direct result of the epidemiological studies. Whether this has been a step
forward or back remains for the future, but I do believe that the evidence
is persuasive that we are dealing with an acquired, exogenous, environmental
disease, whose acquisition is long before clinical onset in the normal situation.
For natives of high-risk areas this acquisition seems to be at adolescence, and
one’s geographical locale thereafter seems irrelevant.

Aside from the postulate of some unknown protective factor in low-risk
areas, two conflicting interpretations to this last exist, as we mentioned above.
They are: (4) moving to low-risk areas before adolescence is protection from
the disease because it is thereafter acquired as a subclinical illness in low-risk
areas; and (b) moving thus is protection because one is too young to have
acquired it by then in one’s native land. The former demands the disease
agent to be rife where it is clinically absent, and the analogy has been with
paralytic versus non-paralytic poliomyelitis. The latter requires the disease
agent to be located in the same place whether it causes clinical or subclinical
involvement.

My vote is for the latter. All the evidence suggests early acquisition—but
acquisition well after birth—and the polio analogy demands heavy exposure
virtually from birth. I could not fit this concept in with a critical age in
adolescence. Further, where naive (unexposed) groups move to endemic
areas of illness, they are supposed to be affected much more often than had
they stayed in their sporadic-epidemic environments—such as the armed
forces in North Africa in the Second World War with their polio epidemics.
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This is why attention was drawn above to the somewhat lower rates in mi-
grants to low-risk areas than their homeland provides, even though they were
distinctly higher than expected for their new land. This was most clear with
death-rates.

More importantly, according to this ‘subtle’ hypothesis (as Acheson
called it), migrants from low-risk areas are already protected by having been
exposed from birth. Unless one demands ‘constant exposure from birth to
age X’ in order to be protected, then any move at age X must be free of
increased risk of MS.

There is I think considerable evidence from the death data and modest
evidence from the morbidity work that migrants moving from low to high-
risk areas do indeed increase their chances of having MS. While there are
still t's to cross and 1’s to dot, I therefore continue to favour the ‘simple’
hypothesis of Acheson—that the cause of the disease is to be found where the
discase is seen.

Much more needs to be done in migration studies though; high to low
needs more definition as to whether age 15 is truly ‘critical’. Alter#+46 too has
suggested this age for Isracl and Hawaii, but his numbers were so small as
to permit a comparison of immigrants only above and below the age of 15.
For migrants over, say, age 30, their appearance in a place may be more the
result than the cause of the discase. This was why I paid so much attention to
the 15-24 immigration ages in South Africa, and especially those of 15-19.
Here there is virtually no basis for migration to be influenced by the discase,
and the difference from those below age 15 was marked—and was exactly
at 15.

As stated earlier, for migrants the true population at risk according to age
at survey and age at migration and age at clinical onset can be very difficult
to define, and the choice of denominator—or the type of rate required
(incidence, prevalence, death, cumulative risk)-—can get very involved. The
desired denominator is generally not available from routine sources. In the
South African study we had the opportunity also to compare the MS with a
population sample surveyed as to radio listening habits, and their immigra-
tion patterns did confirm our findings of a paucity of MS among those im-
migrating below age 15. But with one study we are far from concluding
that this precise age is either unique or universal.

As to low-to-high movement and age, there are almost no data. From
studies too early (and too small) to be definite, the increased risk seems to
begin with moves in the first or second decade of life (our Vietnamese, the
Indonesian, for example). Where it ends we don’t know.

In addition, migrant studies now must also take into account the confound-
ing effects of the likely racial predilections discussed above.
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IS MS AN INFECTION?

There is not space to review other epidemiological evidence on characteristics
of MS patients. Many relationships have been posed. Beebe et al.10 found a
positive association with MS for urbanization, education and socioeconomic
status independent of geography. There is other evidence as well of a relation
with population density. Alter47 correlated MS distributions positively with
sanitary levels and, with the polio analogy, favoured investigating the water
in areas of low frequency MS to find the cause. Poskanzer8 reported histories
of tonsillectomy in excess among MS patients versus spouse or nearest
sibling. The huge literature on viral and other antibodies, and in particular
measles, will not be considered here. The excess for measles at least has been
generally acknowledged—and generally discounted as of direct aetiological
significance. :

But the principal question remains, if MS is an acquired disease, is it toxin,
deficiency, or infection? The epidemiological evidence would be explained
most simply by an infection. And with the advent of the ‘slow viruses’, a
model does exist for an infection persisting for years with little evidence in
the neuraxis and with a long incubation.

If this is an infection, there should be evidence that it is a transmittable
illness—in the laboratory or in the populace. The former is not at hand as this
is written, though flurries of interest continue to arise as one agent or another
is proposed, and from reliable groups.

In the population, one can take transmissibility as one explanation for what
seems to me to be the dispersion of this disease from Europe. Were that the
fact, one would need to posit a toxic or infectious basis as being too rapid
for genetic change and too varied for deficiencies. But even an enthusiast
would agree such an interpretation is premature. :

Good evidence for transmissibility would be the description of epidemics
of MS. While pockets of cases have been described occasionally, most either
do not hold up, or the numbers are so small that chance cannot be rejected as
their explanation. I am not speaking here to the clustering I noted above;
this of itself—cven if accepted—is hardly evidence for transmissibility, though
certainly compatible with that idea.

I think though that we have encountered a genuine epidemic of MS.

Hyllested and I have been studying MS in the Facroes, a small group of
formerly Danish islands lying between Norway and Iceland. A preliminary
report dealing with our 1974 survey has now been published*9. Our later
visit in 1975, and current investigations on five or six more deaths, may
alter the numbers somewhat, but I believe the main outline still seems
valid.
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In essence, all of 21 native cases of MS now known to us as of 1975 to have
occurred in the Faeroes had their clinical onset between 1943 and 1960, save
one whose onset was in 1962 after four years in Denmark, and one with onset
in 1970. The 19 ‘native’ cases of 1943-60 to me comprise an epidemic, with a
sudden appearance and a sudden disappearance of the disease.

As to a likely cause of the epidemic, the only unusual occurrence in the
Faeroes in recent times that we could discover was their occupation in the
Second World War by British forces for five years from April 1940. They
numbered some 8000 men, or almost one Briton for every three Faeroese.
Locations of the cases and the British stations on the islands during the war
were identical for most of the MS, and direct social contact with the troops
was admitted by most of the patients or their surviving relatives.

If this holds up, I think we do have strong evidence that—at least on
the Facroes—MS is a transmittable disease. Further speculation would be
premature, but I think this is a very exciting area for our continued in-
vestigations.
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A multiple sclerosis-associated virus:
past, present and future®

R. I Carp, G. S. Merz, P. A. Merz and P. C. Licursi

Introduction

The search for the cause of multiple sclerosis (MS) was initially wide in
scope and has only recently begun to centre upon virus. Over the past few
years our laboratory has accumulated convincing evidence of a high degree
of association of a small virus-like agent with MS. In this report, we will
give the rationale of our approaches, summarize our results and provide a
brief discussion of the salient points raised by the data.

Our studies on MS began in 1971 when we attempted to settle the question
raised by reports in the early 1960s from the laboratories of Palsson! and
Field2. In these early studies CNS disease occurred in sheep and mice follow-
ing inoculation with MS autopsy material. The disease had neither the clinical
nor the histopathological features of MS. Instead it was indistinguishable
from scrapie, a slow, degenerative encephalopathy that occurs naturally in
sheep and experimentally in mice3. According to the first report, sheep
inoculated with the MS material developed scrapie-like disease several years
later. The disease was successfully transmitted from sheep to sheep with a
shorter incubation period than in the human-to-sheep inoculation. In the
second report?, mice inoculated with MS material were clinically normal
when sacrificed 8 months later. Their brains were then placed in formalin for
pathology studies. Later, acting on a report that scrapie agent is extremely

* This work was supported in part by Grants 723 B-2 and RG 979 A-s from the
National Multiple Sclerosis Society.
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resistant to inactivation by formalin, the formalinized brains were homo-
genized and the homogenates were inoculated into mice. Between 13 and
17 months later the inoculated mice were sacrificed and some showed patho-
logy typical of scrapie. After the third serial passage in mice, clinical scrapie
developed in s to 6 months. Although the possibility of contamination of
the sheep and/or mice with scrapie seems unlikely since test animals were
maintained in areas free of scrapie, the question of contamination of the
inoculum at some point has never been resolved. Furthermore, the signifi-
cance of these results is clouded by the fact that despite numerous attempts
these findings have not been duplicated.*

Based on work we have reported elsewhere#5, we can suggest an explana-
tion of these anomalous results which can be generalized into a novel but
potentially important concept. One can view pathogenesis as a sequence of
discrete events that begins at the subcellular or cellular level, and culminates
in functional disintegration at the level of organs or organ systems. It is the
last stage that generates the clinical disease state. It is self-evident that the
failure to complete any of the preceding events could block the overall
process and prevent the development of clinical disease. It is possible, how-
ever, that events occurring before the block might lead to alterations in the
host that: (1) would not be debilitating, (2) would persist indefinitely, per-
haps for the life of the host, and (3) would leave the animal in a ‘primed’ state
for the resumption of the process if ever the block were somehow removed
or bypassed.

The above assumptions could explain what might be a real but sporadic
transmission of a disease from MS to healthy sheep and/or mice. One need
only assume that all transmission attempts were successful in that something
(a virus?) was transmitted to the test host but that the culmination of the
pathological processes was somehow prevented or aborted. Those few cases
in which disease was observed would then represent rare instances in which
the block had been bypassed.

It was with this concept in mind that we began a search for ‘preblock’
alterations in mice inoculated with MS autopsy material. We were looking
specifically for alterations similar to those known to occur in the early,
preclinical period of scrapie disease. These changes included alterations in
brain enzyme activities®, differences in water and food consumption? and
alterations in the protein patterns seen in the electropherograms of mouse

* Editor’s note: Unknown to Palsson, Pattison and Field (1965), transfer of the New-
castle material into new containers for transport purposes took place in a laboratory
intermediate between Newcastle and Reykjavik, in which scrapie work was active.
The association of scrapie with MS has been withdrawn (see Chapter 9), on the basis
that scrapie sheep do not give MS results with the laboratory tests developed.
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cerebrospinal fluid (CSF)3. In addition to the above, we tested several routine
parameters including leukocyte differentials in the peripheral blood. The
most striking finding was a 2-to-3-fold decrease in the percentages of cir-
culating polymorphonuclear neutrophils (PMN)#5. This was found in mice
inoculated with either scrapie or MS brain homogenates, whereas mice
inoculated with normal mouse or human brain homogenates had PMN
percentages similar to those found for uninoculated mice#s. These results
will be discussed in detail in a subsequent section, but as an introductory
point it should be mentioned that the agent causing the decrease in PMN
could be passed from mouse to mouse and replicated in mice. For this
reason, we were interested in determining if this agent would replicate in
a spontancously transformed mouse tissue culture cell-line termed PAM.
During the course of this work we observed that MS material caused a
reduction in cell yield as compared to the yield obtained for non-MS
treated or control PAM cell cultures9—12. These data will also be discussed in
detail in the Results section. Also, in keeping with the original objective of our
work, the effects of scrapie material on both the PMN percentage in mice’
and the yield of PAM cells'3 were analysed and these results are outlined.

Results

THE PMN DECREASE

In our initial work, mice injected either intracerebrally (IC) or intraperi-
toneally (IP) with a pool of three brain homogenates, developed a decrease
in the per cent of circulating PMN that was detected as early as two weeks,
and persisted for at least 16 months. During this period no other histo-
pathological or clinical change was observed. Counts of the total number of
PMN and lymphocytes established that the reduction was due to a real
decrease in the number of PMN, as opposed to an apparent decrease en-
gendered by an increase in the number of lymphocytes or other white cell
types. The agent causing the decrease replicated in mice and was readily
passed from mouse to mouse. The agent was present at titres of 10'/g to
102/g in the human MS brain pool and at similar titres in the brains of
inoculated mice. Based on millipore filtration, the diameter of the agent was
between 25 and 50 nm.

These results constitute the first evidence to indicate clearly the existence
of an MS-associated virus. Figure 5.1 gives a picture of the distribution of
the PMN percentage among MS and control-inoculated mice. Although
there is some overlap of the control distributions with the MS, the difference
is clear. Based on these data, we established a PMN percentage of 10 as the



146 MULTIPLE SCLEROSIS

12
10

E-N
i 11 )

Frequency

T T S TN N I I |

O S 00 = 2
o N
T T T T T MY BT R L
4 =z
g IF§

UNINOC

T

o A O O &~ ®

T T T T T T I T 1T

10 15 20
Average PMN% / Cage (4-5 mice)

Figure 5.1 Frequency distribution of average PMN percentage of four or five mice. MS
= multiple sclerosis; NH=normal human ; NM=normal mouse; Uninoc=uninoculated

basis for deciding whether a sample is positive (PMN 9, < 10) or negative
(PMN %, > 10).

ASSOCIATION OF THE PMN AGENT WITH MS TISSUES
Our next step was to determine the extent to which the agent/virus was (1)
present in MS tissue samples, and (2) specific for MS disease. Table 5.1 shows
the distribution and description of the diseases that were tested in this phase
of the work, Table 5.2 shows the distribution of tissues among the sample
collection.

After testing samples both directly by inoculation into mice and indirectly
by blind passage from mouse to mouse, we arrived at the following con-
clusions:

(1) The average PMN percentage of mice inoculated with MS material
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Table 5.1 Diseases represented in sample collection

Disease class ~ Disease or MS status Number of cases Number of samples
Healthy 24 28
Total 24 28
Non-CNS
. Vaginal herpes I I
Cirrhosis 1 2
Pneumonia I I
Arteriosclerosis I I
Pancreatitis I I
Melanoma I 1
Liver necrosis I 1
Lumbosacral strain 1 1
Lumbar radiculitis I 1
CVA 3 3
No diagnosis 1 1
Total 13 14
CNS
Encephalopathy 1 I
Bechat’s syndrome 1 I
SSPE 8 9
Epilepsy 1 I
Demyelination I 2
Spongy degeneration I 2
Myoclonic lipidosis I I
Huntington’s chorea 3 s
Parkinson’s disease s 6
Cerebral palsy I I
Spinal cerebral degeneration 2 2
Alcoholic cerebral degeneration I I
EAE (rat) 9 9
Presenile dementia 1 1
Total 36 42
MS
Autopsy 10 14
No information 21 21
Retrobulbar neuritis (RBN) 4 8
Stage I-II s 7
Stage IV-VI s 10
Serial bleeds 2 8

Total 47 68
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Table 5-2 Distribution of tissues among the disease classes

Class of disease
Tissue (152)* MS (68) CNS (42) Non-CNS (14) Healthy (28)
Brain (17) 8 3 6 o
CSF (39) 26 4 2 7
Serum (86) 28 33 4 21
Spleen (6) 3 1 2 o
Lymph gland (1) 1 o o o
Kidney (3) 2 1 ) o

* Number in parentheses is the total number in each tissue of class or disease.

was lower than that for mice inoculated with healthy, CNS or non-CNS
material.

(2) If the criteria for detecting the presence of the PMN factor includes the
capacity to cause the PMN drop on mouse passage, as it should with an
infectious agent, then 73%, of MS samples were positive and only 209, of
CNS and other non-MS samples were positive.

(3) A significant number of MS samples that were negative on primary
inoculation were positive on mouse-to-mouse passage, while the reverse
trend was observed with the CNS samples.

(4) Multiple samples from one individual were usually all positive or all
negative.

(5s) In human material, the agent has been found in every type of tissue
examined. These include brain, spleen, kidney, lymph gland, serum and CSE.

Our results with the PMN factor have recently been confirmed#15 in
virtually every detail. In addition, these workers made a number of additional
findings: (1) the PMN decrease was induced in a number of other mouse
strains, and in several different species, including guinea-pig, rat and hamster,
(2) a neutralizing antibody to the PMN factor was found in a number of MS
patients and in close contacts of patients, such as relatives, nurses and doctors,
and in blood samples from East Africans. In contrast, sera from a sampling
of the normal population in the United States showed that virtually none
contained neutralizing antibody.

Two other studies, each encompassing a small series of experiments
employing comparatively few mice, failed to confirm our basic findingst6-17.
One group, however, did find a statistically significant change in the leuko-
cyte distribution in mouse bone marrow induced by MS inoculation!”.
Failure with this test can often be related to problems with the physiological
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and/or medical status of the mice, and careful control of these parameters
is critical. This will be discussed in detail in a subsequent section.

Reduction in PMN percentages in scrapie-inoculated mice

The experiments with scrapie in mice were initiated at the same time as the
MS studies. A decrease in the percentage of PMN in the peripheral blood of
mice appeared three days after IC inoculation with scrapie mouse brain
homogenates; IP inoculation was also effective in causing a decrease in PMN
percentage. Mice inoculated IC or IP with normal mouse brain had PMN
percentages similar to those found for uninoculated mice. This difference
between normal and scrapie-inoculated mice continued throughout the
preclinical phase of the disease. In the clinical phase of the disease, the per-
centage of PMN was either higher or lower than that found in normals.
The factor causing the decrease in PMN percentages was found in the
filtrates from 220, 100 and $0 nm filters, but not in the filtrates from a
25 nm filter. In addition to two genetically different scrapiec mouse brain
isolates, homogenates of mouse spleen, sheep brain and sheep spleen from
scrapic-affected animals caused a decrease in per cent PMN, whereas the
corresponding normal tissue homogenates did not. We have also shown that
the titre of the agent causing the reduction in PMN is approximately 106
times greater than the infectivity titre of scrapie’®. The PMN agent replicated
in mice that never showed signs of scrapie, i.e. mice inoculated with ap-
proximately 6 x 1074 LDy, units of scrapie. Nine weeks after inoculation
with 100 units of PMN agent (but no scrapie) mouse brain contained 10
units of PMN agent. Inoculation of mice with 10" units of PMN agent,
which had been produced in the absence of scrapie infectious units, failed to
cause scrapie disease®. Thus, the scrapie infectious unit and the PMN agent
are separable, although the PMN agent is always found in conjunction with
scrapie disease.

Dickinson ef al.19 have shown a reduction in PMN percentages in C57BL
mice following inoculation with six different scrapie agents that had been
passaged and characterized in mice. Furthermore, these authors reported
that six sources of scrapie from sheep and two from goats (‘scratching’ and
‘drowsy’ types) caused a significant reduction in PMN percentages.

ASSESSMENT OF THE PMN TEST FOR MS-ASSOCIATED VIRUS

In spite of the success in establishing that there is undoubtedly a virus-like
agent associated with MS tissues, the PMN test has some severe limitations
and shortcomingst4-16:19, First, the health of the mice is critical. We have had
numerous recent mouse shipments from many various suppliers which, on
the day of arrival, had severe chronic interstitial pneumonitis or chronic
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bronchitis. These mice were completely asymptomatic, with no increase in
mortality. The only overt manifestations of the disease were a reduced level
of circulating PMN, increased variability in lymphocyte and the PMN
counts, and on occasion, a slight increase in the number of immature lympho-
cytes. Inoculation of these mice with MS material failed to produce any
noticeable effect, since the PMN counts were so low and variable prior to
inoculation. The results obtained when we tested these mice were similar to
those reported by Brown and Gajdusek in several of their experiments.

On other occasions we had rounds of a disease of unknown origin and
aetiology. This ‘plague’ was characterized by (1) an increased number of im-
mature lymphocytes, and (2) abnormally high variation in PMN percentages
among the mice. Compared to healthy mice the mean PMN percentage
among mice inoculated with MS brain pool was elevated slightly and was
indistinguishable from those inoculated with normal brain pool. More
telling, however, was the increase of 2- to 2-5-fold in the standard deviations
of the PMN values for mice inoculated with both MS and normal brain
pools over that obtained using healthy mice.

Third, because of the normal responses to trauma (increased circulating
PMN) and various husbandry factors, a number of other parameters should
be carefully controlled. These include the following:

(1) Repeated bleeding of the same mouse at intervals of less than two
weeks should be avoided.

(2) Ear snipping and all other procedures that result in tissue damage
should be avoided.

(3) Always bleed mice at the same time of day and ensure that noise and
disturbance are kept to a minimum.

(4) If fighting occurs in a cage, the attendant wounds and infections will
obviously render the PMN values of mice in that cage worthless. For this
reason, we routinely use female mice, which are considerably less aggressive
than males.

Quite aside from these considerations, there is also the problem of the
distributions of the MS and control PMN percentages overlapping, and
our criteria for whether a sample is positive or negative is therefore somewhat
arbitrary. This is particularly vexing when it comes to interpreting the
significance of negative MS samples and, more importantly, positive non-MS
samples. When all the above are considered, the PMN test becomes un-
wieldy and unworkable for further work, such as characterization of the
agent, etc. It was with these considerations in mind that we began searching
for a more facile test for the MS-associated virus.
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MS-INDUCED DECREASE IN TOTAL CELL YIELD OF PAM CELL
CULTURES

Our search began with an attempt to determine whether the MS-associated
virus could replicate in cells in vitro. MS tissue was applied to PAM cells, a
spontancously transformed mouse cell-line derived from mouse embryo
fibroblasts of CFW random-bred mice. Our original intent was simply to
inoculate mice with PAM cell culture samples 16-18 passages after treatment
with MS material and look for a PMN reduction. To our surpirse, there was
a direct response to MS tissues; a decrease in the total cell yield. Reductions
in cell yield were noted as early as the second passage after treatment. The
effect was produced by eight of eight MS brain homogenates and three of
three MS spleen homogenates; the samples were from ten different cases®.
The reduction in total cell yields was not observed among PAM cultures
treated with non-MS homogenates (six brain and two spleen) from eight
control individuals. Five of the MS-inoculated cultures were maintained for
18 subcultivations, and the reduced cell yields persisted throughout (Figure
5.2). The agent responsible for the reduction was present in the cell-free

15.0 |
140 |
13.0 |
12.0 |
110

10.0
9.0 -

8.0 1

7.0 T
6.0 1

5.0

40 1
3.0 |

20 +
1.0 ¢+

Total cells/flask in millions

3 1 1 [ i " 4 L

5 6 78 9 1011121314 15 1617 18
Passage No.

<+

e
N

W 4
Hn 4

Figure 5.2 Total cell yield per flask as a function of culture passage number @——
averaged cell yield of four non-MS treated cultures; ¥—— average cell yield of five
MS-treated cultures; ®- - - - cell yield of medium-treated culture



I52 MULTIPLE SCLEROSIS

lysates (prepared by repeated freezing and thawing) from all of the five MS
cultures at passage 18, in that treatment of fresh PAM cells with these lysates
led to a reduction in PAM cell yields. Inoculation of the lysates into mice
caused a reduction in PMN implying the presence of the PMN agent (Table
5.3). Calculation of the dilution effect (at least 10'8-fold) that had occurred
by the end of the passage series implies that the agent(s) causing the decreased

Table 5.3 Effect of MS-treated PAM cell lysates on PAM cell cultures and poly-
morphonuclear neutrophil percentages in mice

Cell yield/flask x 10~6

Treatment At passage 18 after Among PAM cultures PMN percentage
at passage o exposure exposed to lysates in mice inoculated
prepared from passage 18 cells  with passage 18 lysates

N-1 85 106 16-0% (1-34)
N-2 87 114 156 (1+21)
N-3 97 10°0 15°6 (0°51)
N-4 92 11°6 17+0 (1°30)
Average (SE)* 9-0¢(0'3) 10-99 (0°4) 15-8° (0°38)
MS-1 41 53 60 (0'43)
MS-2 4°5 56 42 (0°58)
MS-3 38 48 2°4 (0°51)
MS—4 45 6-0 52 (1°44)
MS-s 40 58 52 (0°97)
Average (SE)  4-2° (0°15) 559 (0-21) 4°6° (0°62)

& Average (SE) for groups of five mice
b SE standard error

¢ P of no difference (¢ test) <€ 0-001

4 P of no difference (¢ test) <€ o0-0o1

e P of no difference (¢ test) <€ 0-001

PAM cell yield and the PMN decrease in mice had replicated in vitro.
Filtration of a pool of five MS brain homogenates through graded pore size
millipore filters revealed that the PAM agent is between 25 and s0 nim in
diameter.

ASSOCIATION OF THE PAM AGENT WITH MS TISSUES
Once again, the question of association with and specificity for MS became

crucial. A collection of 71 MS and 45 non-MS samples, composed of un-
passed and mouse-passed material was applied to PAM cultures in eight
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separate experiments. Because the yields of PAM cell cultures vary somewhat
in a concordant fashion with time and subcultivation, each experiment
contained an untreated PAM culture as a control, in addition to MS and
non-MS treated cultures. All yields were expressed as the percentage of this
untreated control. Whereas the non-MS distribution is unimodal, it appears
that the distribution of MS yields is bimodal, with one group distributed
similarly to the non-MS and one that is distributed on a much lower range
(Figure 5.3). Based on these observations, we have adopted the following
convention: all yields (calculated as a percentage of control) less than 809,
are considered as a positive response, whereas all yields equal to or greater
than 809, are considered as no response.

Non-MS
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Figure 5.3 Frequency distribution of PAM cell yields as a percentage of yields for un-
treated controls

Of the PAM cultures treated with MS material, 80%, (s8) showed a re-
duction in cell yield (compared with untreated controls) of at least 209,
by the third passage after inoculation. The MS samples were from 4o differ-
ent MS cases, and a total of 36 cases yielded at least one positive sample.
The agent responsible for the decrase was not limited to brain and spleen
tissue, but also was found in serum, plasma, CSF, kidney and lymph
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node of MS patients. Positive samples were present at every stage of the
disease.

The non-MS category included 12 samples from healthy individuals, 13
assorted non-CNS disease samples, and the following CNS disease samples:
five subacute sclerosing panencephalitis, three Huntington’s chorea, two
Parkinson’s disease, six amytrophic lateral sclerosis, one stroke, one en-
cephalopathy and one epilepsy.

At this point, 48 of the MS and 32 of the non-MS treated PAM cultures
were serially passaged through a total of 16 or 17 passages. Yields were
determined at passages 3, 4, 5 and 10 through 16 or 17, expressed as a per-
centage of the untreated control culture and averaged. All of the averaged
cell yields for MS cultures except one were less than 809, of the untreated
control, while the averaged cell yield for the non-MS cultures was between
85 and 1259, of the controls (Figure 5.44).

It should be emphasized that the cell yields for MS samples at any single
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Figure 5.4 A: Frequency distribution of the average per cent cell yields from passage 3 to
5, and 10 to 16 or 17; per cent cell yields were averaged for each MS and each non-MS
treated sample. Solid bars=MS samples; open bars==non-MS samples; cross-hatched
bars=MS sample in non-MS range.

B: Frequency distribution of the per cent cell yields at the 3rd passage after treatment
with cell-free lysates of passage 16 or 17 of MS and non-MS treated cultures. Designation
of bars is the same as in Figure 5.4a
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passage are occasionally greater than 809, of control. The key point is the
average of the values obtained over a series of passages. For example, in the
experiment noted above in which values for passage 3 were analysed, 20%,
of 71 samples had values higher than 80%, of control. Virtually all of these
‘negative’ samples were found to be positive for the PAM cell effect when
yields were averaged over an additional extended series of passages. Likewise,
at any given passage a few non-MS samples have values less than 80%, of
control. However, over a series of passages the average yield values for all
non-MS treated cultures were greater than 80%, of control values.

Although the decreased PAM cell yields persisted at least through the
17th passage, there remained the question of whether the decreased yield was
a consequence of the continuing presence of the agent or an initial alteration
that persisted even after the causative agent had disappeared. To answer this
question, 46 of the MS-treated PAM cultures at the final passage were frozen
and thawed three times. These cell-free lysates were then used to infect
fresh PAM cultures. The per cent yields at passage 3 have been arranged in a
histogram (Figure 5.48). All of the MS-treated cultures exhibited a decreased
yield at the 3rd passage except one, the same sample which had failed to
cause a decrease from passage 3 to 17, following the primary treatment.
Combining the 46 MS samples tested in this experiment with the five tested
previously, the results show that 50 of 51 MS samples contained a small,
self-replicating virus. By contrast, none of 36 non-MS samples appeared to
contain a similar agent.

Filtration experiments established that for 43 of 45 samples (cell-free
lysates from passage 16 or 17) tested, the size of the agent present in late
passage MS-treated PAM cells is between 0 and 25 nm. This is consistent
with the size found for the agent in a pool of five MS brain homogenates.
The establishment of the size of the agent in PAM cells, many passages after
treatment, is significant for several reasons. PAM cells contain C-type
particles®, and the MS-induced effect on cell yield might be mediated
through an initially induced modification of the C-type particles, and their
subsequent interaction with PAM cells. The replicating agent present in
PAM cells 16 or 17 passages after treatment might then be this modified C-
type particle. This interpretation appears to be extremely unlikely, in that
the size of the causative agent in late passage cell-free lysates is much less than
the size of C-type particles. Finally, the size of this virus also differentiates it
from the paramyxoviruses that have been isolated from MS material on
rare occasions20:21,

Recently, Smith et al.22 showed that MS-trcated PAM cells (and only
PAM cells) produced an antigen which reacted in radioimmunoassay with
approximately 30%, of MS sera. Furthermore, they showed that some MS
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sera contained an agent which replicated in PAM cells and, in this manner,
produced the antigen used in the radioimmunoassay test.

ENHANCED HAEMAGGLUTINATION (HA) BY MS-TREATED PAM
CELLS

When mixed together, rhesus monkey RBCs and PAM cells undergo what
macroscopically appears to be HA (microscopic examination suggests that
mechanisms other than classic HA are operating)?3. After 33 tests performed
at different times under somewhat different conditions, we found the
following:

(1) In any single test, MS PAM cell titres were invariably equal to, or
higher than, those of control PAM cells exposed to non-MS tissues. The
titre difference was as great as 32-fold in some cases.

(2) In 11 of the tests, the MS PAM cells had HA titres of 1: 64 or higher,
whereas in none of 33 tests did the normal controls exceed 1:32.

(3) In 85% of the tests, HA titres of MS cultures were higher than control
titres.

These results are important for three reasons: () it may prove to be an
additional way to quantitate the MS-associated virus, (b) it provides ad-
ditional evidence that MS-treated PAM cells are different from non-MS
treated cells; (c) it gives a facile means to search for antibody, which might be
directed against either the MS-associated virus or antigenic changes induced
in cells treated with the virus.

REDUCTION IN THE TOTAL CELL YIELD OF PAM CELLS INDUCED
BY SCRAPIE MATERIAL

Exposure of PAM cells to brain homogenates from mice infected with scrapie
caused a decrease in total cell yield, which persisted from the 2nd or 3rd
passage to the 18th passage after treatment?3. The effect was elicited by each
of the eight independent scrapie isolates tested. Lysates prepared from cultures
16 passages after treatment with scrapie caused the decrease when applied to
fresh PAM cultures. Mice inoculated with 14th and 18th passage lysates
developed a reduced percentage of PMN by five weeks, and scrapie disease
by six to nine months after inoculation. Based on the total dilution from
treatment of the PAM cultures with scrapie material to the preparation of
the lysates, we conclude that the agent(s) responsible for the reduced PAM
cell yield, the decreased per cent PMN and the induction of scrapie disease
had replicated in the PAM cells. By filtration, the diameter of the agent
causing the reduction in cell yield was estimated to be between 25 and 50 nm.
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Discussion

The idea that virus plays a significant role in the actiology of MS was founded
primarily on two early findings: (1) epidemiological studies that were con-
sistent with viral aetiology?4, and (2) immunological surveys showing that
MS patients had higher measles antibody titres than matched controls?.
From these studies plus others the search for an infectious agent in MS has
taken the following routes:

(1) Animals: The search has been aimed at obtaining an animal model sys-
tem in which an MS-like disease would occur.

(2) Tissue culture: Here, early unfruitful efforts at finding classical in vitro
viral infections with attendant CPE etc. have given way to more sophisti-
cated, indirect approaches such as co-cultivation and cell fusion with cells
known to be susceptible to a presumed MS virus (primarily members of the
paramyxovirus group)20-2,

(3) Electronmicroscopy: The examination of thin sections has also largely
been geared toward a search for paramyxovirus particles and/or nucleo-
capsidsz6.

(4) Immunology: Here the approach has been to search for antibody against
presumed MS virus in sera and CSF of MS patients. Again, the emphasis has
been on the paramyxovirus group?.

Consideration of these approaches and their results so far provide us with
the following current picture:

(1) Despite the success of passaging kuru and Jacob-Creutzfeldt into ex-
perimental animals and producing a similar disease??, efforts with MS have
not yielded an animal model system.

(2) The techniques of co-cultivation and cell fusion led to the isolation of
measles virus from a number of SSPE cases?8, and the initial successes with
studies on MS in which a measles virus was isolated from one case and a
parainfluenza virus from two cases?®2I. However, extensive studies since
then, involving many MS samples, have failed to yield additional virus
isolates29-30,

(3) With electronmicroscopy, tubular structures were seen which were
similar in size and appearance to paramyxovirus nucleocapsids?6. However,
extensive work in this area has shown that similar structures are seen in
inflammatory conditions in which an infectious agent is not incriminateds3r.
Furthermore, some researchers claim that the structures seen in MS differ in
appearance from paramyxovirus nucleocapsidsiz. Attempts to label these
tubules/nucleocapsids with measles and parainfluenza 1 virus antisera, using
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the immunoperoxidase method, have failed’2. The only other report in the
press is of coronavirus-like particles in MS brain3. However, the particles
were seen in only one brain out of the 12 examined.

(4) In a number of immunological surveys, sera from affected persons have
been tested for antibody against a wide range of known viruses in the hope of
detecting increased antibody titres against a given virus. This has yielded the
important finding that MS patients exhibit an increased antibody titre, both in
serum and CSF, against a number of viruses, most strikingly measles?s:34.
The relationship of the elevated antibody titres to the aetiology of MS is
questionable on several grounds: (a) the increase in antibody titre is not re-
stricted to a single virus. This suggests that either there are multiple causes of
MS, or the antibody increases are related to a more general change in
immunological reactivity’+; (b) attempts to absorb the oligoclonal IgG
bands found in MS CSF3s with measles virus failed?; (¢) the increases in
antibody titres against measles virus may not be correlated with MS disease
per se, but rather with the HLA types which predominate in the MS popula-
tion37.

By contrast, our approach has involved a search for virus “footprints’,
rather than disease or CPE. We did not expect to get disease in our test
animals, but rather examined MS-infected mice for subclinical changes in
physiological and biochemical parameters. Nor did we expect to find overt
virus-induced changes, such as CPE, in our MS-treated tissue culture systems.
Instead, we have looked for subtle changes in cell growth and surface charac-
teristics. Using these approaches, we have accumulated some compelling
evidence for MS-associated virus. This evidence includes the following key
points:

(1) There is a small virus-like agent in MS tissues which causes a reduction
in the percentage of circulating PMN+*. This work has recently been con-
firmed and extended to include evidence of neutralizing antibodiesi#1s.
Unfortunately, this system is unreliable, in view of difficulties we and others
have had in obtaining suitably healthy and/or responsive mice.

(2) MS tissues harbour a small virus-like agent which causes a reduction in
PAM cell yields?10. To date this virus has been found in 50 of 51 MS samples
examined. The sample collection included serum, plasma and CSF, in ad-
dition to brain and other solid tissues. Recently, it has been shown that
MS-treated PAM cells produced an antigen which reacted in a radio-
immunoassay with approximately 309, of MS sera?2.

(3) MS-treated PAM cells showed an increased ability to haemagglutinate
rhesus red blood cells23.

It is interesting to compare the results that we have obtained for scrapie
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and for MS. Material from each disease causes a decrease in PMN in mice
and a reduction in PAM cell yields#5:9-13. The PMN agent from each disease
replicates in mice and in treated PAM cells. The PAM cell agent from each
disease replicates in PAM cells. The characteristics of the changes in mice and
in PAM cells are quite similar. Thus, the time of appearance and the extent
of the reduction in PMN percentages and of the reduction in PAM cell
yields is quite similar following inoculation with material from the two
diseases. The diameter of the PMN and PAM cell virus(es) in both diseases
was 25-50 nm by millipore filtration analysis. The only difference in the
responses induced by MS and scrapie material is that scrapie contains an
infectious agent which causes disease in mice. The interrelationship of the
viruses causing the various effects noted poses many interesting questions.
Are the PMN and PAM cell effects in MS produced by the same virus or by
two different viruses? The same question applies to the effects induced by
scrapie tissue. In scrapie, the disease-producing agent is separable from the
virus(es) causing PAM cell reduction and PMN percentage reduction. Is
there a disease-producing agent in MS material which is separable from the
PMN and PAM cell virus(es)? What is the relationship between the PMN
and PAM cell virus(es) found in MS and those found in scrapie? Can the
PMN and PAM cell virus(es) in MS interfere with the disease-producing
agent of scrapie? The questions abound. Certainly, a key approach to a num-
ber of these questions is the study of the cross-reactivity of the MS PMN
neutralizing antibody described by Henle et al.1s.

One aspect of the PMN and PAM cell work should be stressed. This is a
blood-borne virus. For the PMN virus, Henle ef al.1s have demonstrated
virus activity in the serum. In our original work, PMN virus was found in
two of two MS sera examined+ and in subsequent unpublished data we have
found PMN activity in approximately 70%, of 28 sera. In our PAM cell
work, all 30 MS sera and plasma samples tested were shown to contain virus,
and Smith ef al.22 have reported an agent in MS serum that replicated in PAM
cells.

The presence of the PMN and PAM virus(es) in serum and plasma from
MS patients has a number of important implications. First, presence in the
blood means the virus(es) should be found in most organs, and in fact, our
results show that, in addition to brain, the agent(s) is found in spleen, kidney
and lymph gland. Second, the fact that the agents are blood-borne suggests
the possibility of circulating antigen (agent)-antibody complexes. In the case
of the PMN agent, there is such evidence’s. Third, the fact that the virus(es)
is present in easily obtained body fluids increases the possibility that a test for
its presence could be used as a diagnostic aid. Should the MS-associated
virus(es) prove to be the cause of MS, then its presence in blood has some
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additional important consequences. The possibility that MS could be trans-
mitted by transfusion should be considered, and a retrospective study of this
has been initiated3®. In this study, an attempt will be made to determine the
MS status of individuals who received transfusions with blood supplied by
MS patients in either the clinical or preclinical phase of disease. The presence
of causative agent in serum would also permit vectors to play a role in trans-
mission. Could the geographical incidence of MS disease be related to specific
vectors? Is the high incidence of antibodies to the PMN agent in the general
population in Africa's related to extensive spread of the virus in the young
by the high population density of various insect vectors or of a specific
vector?

Changes in the proportion of various leukocyte types are usually related
to responses to new antigenic stimuli. An alternative possibility is that a
virus could act directly and specifically upon one or more of the leukocyte
subtypes or precursor cells, thereby affecting the proportion and/or the
responsiveness of the various cell types. In mice it would appear that the MS-
associated virus acts directly upon mature leukocytes or their precursors,.
since the reduction in PMN percentage occurs very rapidly. In humans with
MS, PMN levels remain normal, but there is evidence of a change in the
proportion of T and B cells.39 It is possible that the change seen in the pro-
portion of leukocyte types in MS is the result of the direct action of the MS-
associated virus, and that this in turn leads to the altered immune potential
described for MS patients?s:34-40-42, In this manner, it is possible that the
modulation of the disease process which is characteristic of MS is related to
perturbations in the interaction between MS-associated virus and leukocytes.
Certainly, if the PMN and PAM cell effects are induced by the causative
agent of MS, then the fact that it is present in blood and may act upon
leukocyte cell types will add entire new dimensions to the studies of diagnosis,
pathogenesis and transmission of this disease.

To conclude, our findings represent the strongest evidence thus far for an
MS-associated virus. This discovery raises the hope that this virus is the
causative agent of MS disease. Along with this hope, however, comes the
frustrating problem of establishing such a causal relationship. The resolution
of the question of causality requires progress in several areas. We must im-
prove the means of quantitating the virus so that we can continue its much-
needed purification and characterization. We must develop immunological
probes which would furnish the means to investigate the distribution of the
virus at the population, individual and cellular levels. We must determine the
biochemical and morphological characteristics of the virus, so that it can be
related to known virus groups. With these capabilities, we should then be
able to establish firmly the role of this virus in MS.
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Proteins and enzymes of myelin

P. R. Carnegie and N. R. Sims

Introduction

Current views on the structure of membranes assume that the genetic control
over their structure and assembly is asserted via the protein components and
that the nature and alignment of lipids depends on the amino acid sequence of
the proteins. Demyelination may result from a defective myelin protein or
damage to part of the protein framework which could result in unstable
binding of the lipids. Whether the demyelination observed in multiple
sclerosis is a result of a primary attack on the myelin sheath or secondary to
an attack on the oligodendrocyte is an unresolved question. In this chapter we
will describe the proteins and enzymes of myelin and discuss their possible
involvement in multiple sclerosis.

Relationship between myelin and oligodendroglial cell

Myelin is considered to be synthetized by the oligodendrocyte but it is
possible that the axon contributes some of the higher molecular weight
proteins found in myelin'-2. The relationship of the oligodendrocyte to the
axon and myelin sheath is shown diagrammatically in Figures 6.1 and 6.2.
Some unidentified signal from the axon stimulates oligodendrocyte processes
to wrap around the axon. The molecular mechanism for this is not under-
stood. Burton and Agrawal® consider that the myelin proteins are synthetized
as a group and that there are probably three phases, synthesis of proteins by
the oligodendrocyte, organization of myelin precursors, and finally forma-
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tion of compact myelin (Figure 6.1). If the precursors are not required they
may be degraded and the amino acids re-utilized. It is possible that myelin is
not derived from the oligodendrocyte plasma membrane but is a specially
constructed set of membranes formed within an enclosuret. This appears

Figure 6.1 Schematic oligodendroglial cell, its cytoplasmic extension, and the myelin
sheath. The curve indicates hypothetical time relationship of the incorporation (), the

turnover (II) and the stable (III) phases with the glial cell-myelin sheath ‘anatomy’
(from Burton and Agrawal3)
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likely as myelin has a quite different content of proteins, enzymes and lipids
when compared to the oligodendrocyte plasma membranes.

With regard to diseases which lead to damage to myelin, it is necessary to
consider the role of the oligodendrocyte. In some genetic disorders such as
the leukodystrophies® essential enzymes are not produced by the oligo-
dendrocyte and myelin fails to develop. In demyelination induced by toxic
agents such as triethyltin, marked changes in the metabolism of myelin
protein occur’. In multiple sclerosis where there is not a generalized, but a
local, attack on myelin, factors such as the permeability of the blood brain
barrier must be considered in relation to the infiltration of possible pathogenic
antibodies8, which could damage the oligodendrocyte in some regions of the
brain but not in others. Selective degradation of oligodendrocytes has been
observed in tissue cultures of brain explants when scra from patients with
multiple sclerosis were added to thems.

Often it is assumed that electrophysiological results obtained on the role of
myelin in the peripheral nervous system (PNS) can be utilized when consider-
ing central nervous system (CNS) myelin. We wonder how valid such an
extrapolation can be since there are considerable biochemical differences
between the two types of myelin’®. The Schwann cells in the PNS maintain
myelin on only one axon, whereas in the CNS one oligodendrocyte supports
several myelin sheaths. The protein composition of PNS myelin is quite
different!°, the main protein being a glycoprotein, not a proteolipid protein.
The ratio of basic proteins varies from nerve to nerve, and the content of
enzymes typical of CNS myelin is much lower. This review will be limited
to a consideration of CNS myelin.

Criteria_for myelin proteins

Before a protein can be designated a component of myelin it is necessary that
it is clearly shown to be associated with myelin firstly by subcellular frac-
tionation and sccondly by developmental studies?:'*. Although myelin has a
much simpler composition and smaller number of proteins than other mem-
branes, recent studies have indicated the existence of several enzymes. In
subcellular fractionations myelin is usually defined as the membranous
material which floats between a layer of 0:32 M and 0'8 M sucrose. On
recentrifugation of this material on a continuous gradient, between 060 and
0-85 M sucrose, a broad zone is obtained indicating heterogeneity in density?2.
This heterogeneity is reflected in differing ratios of various protein com-
ponents; for example in spinal cord myelin the ratio of proteolipid protein
to basic protein is approximately 1:1 and represents 809, of the total protein,
and the high molecular weight proteins are present in much smaller amounts
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and predominantly in the denser zones'. The relationship of myelin to the
axon is shown diagrammatically in Figure 6.2. In the isolation of myelin,
during homogenization, sedimentation and washing, the myelinated axons

Figure 6.2 Relationship between axon (A) and myelin at a nodal region (N) in the central
nervous system. Some of the minor proteins and enzymes could be derived from the
axolemma (AL) which is separated from the myelin lamellae by the periaxonal space
(S). The lamellae exhibit a characteristic periodicity in the electronmicroscope with the
period line (P) thought to have originated from the cytoplasmic surface (C) and the
intraperiod line (IP) from the external surface of the oligodendrocyte

are broken off from the oligodendroglial and neuronal cell bodies, and the
soluble axonal components are removed. Under isotonic conditions the
axolemma remains with the myelin fraction but after osmotic shock it can be
separated from myelin'!. However, it is probable that some of the myelin
components of high molecular weight could be derived from the axolemma.
These axonal remnants should not be considered as ‘contaminants’, for it is
likely that in sections of the axon which become myelinated there are
components which ‘signal’ the need for myelination and which are likely to
be absent in non-myelinated regions.

The second criterion for a myelin component is an association with myelin
during development. The period of rapid myelination varies, and in dif-
ferent species during this time an increase in myelinated axons can readily be
demonstrated in the electronmicroscope’3. During the same period certain
myelin lipids (cerebroside for example) are accumulated in the brain and the
enzymes involved with their synthesis increase in activity. Thus for a protein
or enzyme to be designated a component of myelin, its time of appearance in
the brain and rate of accumulation should be closely associated with the
phase of myelination as determined by microscopy and incorporation of
lipids associated with myelin.

Further support for a protein being a myelin component may come from
examination of the central nervous system of mutant mice which exhibit
defective myelination. Two such mutants, known as ‘Quaking’ and ‘Jimpy’,
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have been described™, the latter showing the more serious deficiency. The
primary defect leading to these blocks in myelination is unknown. Until
this is determined it cannot be concluded that all myelin components will
necessarily be diminished in these animals; however, a decrease in the level
of any protein presents strong supporting evidence that it is intimately
involved with myelin. In all cases where proteins satisfying the two criteria
discussed above have been examined in neurological mutants, lower levels
have been found than in normal controls (Figure 6.3).
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Figure 6.3 In normal mice between 10 and 20 days of age there is a period of rapid syn-
thesis of myelin in the brain; 27,3’-cyclic nucleotide 3’-phosphohydrolase (CINPase)
activity increases rapidly in this period in normal mice but not in the ‘Jimpy’ mutant
where there is a failure to synthetize myelin proteins and lipids (modified from Kurihara
et al.14)

In this chapter some or all of the above criteria will be discussed. As the
properties of the basic protein and the proteolipid protein have frequently
been reviewed only important features will be outlined. Since there is no
review on the minor but possibly important proteins of myelin, these will be
considered in detail. Any evidence for involvement of the proteins of
myelin in multiple sclerosis will be given and speculations on their role in
the pathogenesis of multiple sclerosis will be discussed.
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Myelin basic protein

The basic protein is the most thoroughly studied protein from myelin.
Interest in the basic protein was generated by the discovery that it could
induce experimental allergic encephalomyelitis (EAE), an autoimmune
disease of the brain which occurs readily in guinea-pigs (reviewed by Kiess).
Whether or not this autoimmune disease can be taken as a model of part of
the pathogenesis in multiple sclerosis is controversial.

Protein as a myelin component

The protein is well established as a myelin component and its isolation?6:17,
properties’®18 and immunological activity’s have recently been reviewed in
detail. This section will summarize its properties and emphasize recent work
on enzymic modification of the basic protein and its possible involvement in
multiple sclerosis.

The basic protein can readily be prepared from myelin by extraction with
acid. To prepare large quantities of the basic proetin, the usual starting
material is a chloroform-methanol extract of whole brain or spinal cord.
The protein is a major component of the brain and accounts for 309, of the
total protein of myelin and thus about 19, of the wet weight of spinal
cord®,

Several developmental studies have shown a close association between the
appearance of basic protein in brain and the development of myelinte.
Although it is generally assumed that the basic protein is synthetized by
oligodendrocytes, direct evidence is lacking. It is possible that the basic
protein is synthetized as a larger protein or a glycosylated protein which is
modified in the process of myelin formation.

Physical properties

The physical properties of myelin basic protein are listed in Table 6.1. The
isolated protein has an open conformation where the amino acid residues are
readily accessible to enzymes and chemical reagents. Although there is no
« helical or B pleated sheet there is some form of ordered structure which
confers an ellipsoid shape with dimensions 15 x 15A19. At present there is no
information on its conformation in myelin but from studies on its interaction
with lipids?° it is likely to have a more ordered structure in a lipid environ-
ment.
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Table 6.1 Physical properties of bovine myelin basic
protein (adapted from Eylar et. al.17)

Molecular weight 18 400

Intrinsic viscosity 93

Axial ratio afb 10 prolate
(minimum solvation) 14 oblate
Diftusion constant Dyy, w 7-8 X 10~7 cm? s—1
Sedimentation constant Syow 1-72S

Isoionic point above pH 12
Absorbance 1%, solution 276 nm 5-89

Amino acid sequence

The amino acid composition of myelin basic protein from a number of
species is closely similar, with a high percentage of basic amino acids (17%)
and a high content of glycine (15%)!°. The protein from frog brain is unusual
as it contains a cysteine residue!.

The complete amino acid sequence has been determined for the human?2,
bovine??, and rat?# proteins and partial sequence information is available on
some other species. Errors and disputed sequences were discussed by Carnegie
and Dunkley?® and historical developments leading to the amino acid
sequences of human and bovine proteins were described by Kies?s.

Some regions of the protein appear to have been more conserved than
others during evolution (Figure 6.4). Rats, mice and other members of the
Myomorpha and Sciuromorpha have a large and a small form of myelin basic
protein?5. The smaller form has apparently arisen from the larger as a result
of an unusually long deletion of 40 amino acid residues within the moleculez+.
Bauer?6 has postulated that the myelin basic protein evolved by duplication
from an ancestral gene which gave rise to histones and some other basic
proteins.

Enzymic modification of myelin basic protein

Myelin basic protein is subject to a number of interesting modifications
which presumably occur after synthesis. Thus myelin basic protein is actually
a heterogencous mixture of proteins with the differences being due to in-
complete enzymic modification. These modifications (Table 6.2) will be
described and their possible implications with regard to demyelinating
disease will be discussed. Unfortunately no information is available on the
extent of modification of the basic protein from multiple sclerotic brain.
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Table 6.2 Enzymic modifications of myelin basic protein

Demonstrated
Modification Site in vitro in vivo Influence
Acetylation Ala-1 No Yes Protects from digestion
Methylation Arg-107  Yes Yes Increases hydrophobicity,
protects against digestion
Phosphorylation Ser-12 Yes Yes Increases negative
Thr-35 Yes Yes? charge; protects
Ser-56 Yes Yes? against digestion
Ser-110 Yes No?
Glycosylation Thr-98 Yes No Potential major change
in antigenicity
Carboxypeptidase Arg-170  Yes Yes? Lowers positive charge
(Deamidation)* Gln-103  Yes Yes? Increases negative
charge

* Maybe non-enzymic; for references see text

ACETYLATION

The N-terminal residue from a number of species has been shown to be
blocked®. In the human and bovine proteins an acetyl group has been
shown?223. A number of other proteins also have blocked N-terminal
residues and it has been suggested that the acetyl residue protects the protein
from digestion by aminopeptidase. This could be important in myelin as
there are claims that myelin contains aminopeptidase activity.

METHYLATION

Amino acid residue-107 in the human protein was found to be present as
arginine, w-N-monomethylarginine (MMA)or as -N,N’-dimethylarginine
(sym-DMA)?2. Tt is relatively simple to determine the ratio of the MMA to
the sym-DMA form of the basic protein but because of the high content of
arginine in the protein it is difficult to obtain reliable estimates of the amount
of unmodified arginine at residue 107. The ratio of MMA to DMA varies
with the species studied but appears to be constant for a given speciest®27.
This raises a major problem in understanding how this type of modification
can remain constant and how the methylase is regulated.

The enzyme (methylase I) which methylates myelin basic protein is
localized in the cytoplasmic fraction of brain?8-30. Its concentration in
neurones and glial cells remains to be determined. The enzyme is difficult to
purify and may exist in several physical forms?9. The methyl donor is S-
adenosyl methionine and the enzyme is readily inhibited by the product
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S-adenosyl-homocysteine29. Isolated bovine myelin was found to be a
substrate which suggests that at least a portion of the protein is accessible to
the enzyme in myelin29. Enzymes involved with the process of myelination
show a characteristic rapid change in specific activity during the period of
myelination. Although there is a slight increase in methylase activity during
the period of myelination, the increase is not as dramatic as for example with
enzymes involved in cerebroside synthesis'3. In contrast to phosphorylation,
methylation appears to be a relatively stable modification but the presence
or absence of a ‘demethylase’ remains to be determined. There was no change
in the ratio of MMA to DMA during the development of myelin in the rat?7.

The function of methylarginine in myelin basic protein is not known. One
possibility is to protect this region of the protein from digestion by proteo-
lytic enzymes which have similar properties to trypsin. However, the lysine
residue at 105 would be expected to be digested. Thus it is less likely a
possibility than the second which is to enable the arginine to move into a
more hydrophobic environment. It has been suggested that methylation of
arginine is necessary to complete a hydrophobic ‘pocket’ into which
serotonin would neatly fit3!.

It is well established that deficiency of vitamin B,, in man and other
animals leads to abnormal myelin. Although the main lesion is vacuolation
of myelin, areas of demyelination have been observed in the optic nerve of
B, ,~deficient monkeys32 The reason for this dysmyelination is not known
and the involvement of lipid methylation has been considered. However,
because of the need for B,, in the reformation of S-adenosyl-homocysteine
in the central nervous system, and because of the ready inhibition of arginine
methylases by S-adenosyl-homocysteine it is possible that the dysmyelina-
tion is due to a failure to sufficiently methylate myelin basic protein during
turnover.

The postulated viral agent in multiple sclerosis (Chapter s) could influence
myelination by altering the efficiency of methylation of myelin basic protein;
such an effect is known for RNA33. The possibility of such an abnormality in
multiple sclerosis has not been examined.

PHOSPHORYLATION

Because of its similarity in physical properties to histones, myelin basic
protein was tried as a substrate for cyclic AMP-dependent protein kinase, and
was found to be readily phosphorylateds+—36. Several sites were phosphory-
lated and the main ones in the human protein were serine-12, threonine-3
and serine-110. In species where the content of dimethylarginine, at residue
107, was lower, relatively more phosphorylation of serine-110 occurreds+.
Protein kinases from rabbit skeletal muscle, bovine cardiac muscle, bovine
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brain and chicken kidney all phosphorylated the same sites in the basic
protein. For phosphorylation to occur the intact protein was not essential
and quite small peptides acted as substrates3?. A synthetic peptide Gly-Arg-
Gly-Leu-Ser-Leu-Ser-Arg was useful in ascertaining the structural require-
ments for phosphorylation and it appears that an arginine must be present
to the N-terminal side of the serine to be phosphorylatedss.

Myelin was shown to contain a protein kinase which was not stimulated
by cyclic AMP and myelin basic protein was the main substrate for this
kinase35:36:39, It phosphorylated a different site from the cytoplasmic kinase;
over 80Y%, of the radioactivity was found to be associated with the equivalent
of serine-56 in the human protein39.

Although the basic protein as usually isolated cannot be considered to be a
phosphoprotein, a small proportion has been found to contain phosphate as
phosphoserine3s40, Radioactive phosphate, when injected, was readily in-
corporated into myelin basic protein in rat3® and chicken brains#.

The biological significance of phosphorylation of the basic protein of
myelin remains to be determined. In contrast to the widely held view that
myelin is metabolically inert, the in vivo turnover of phosphate on myelin
basic protein suggests a much more dynamic role for the protein. One
wonders if the effects of calcium on the stability of myelin are related to the
binding of calcium to the basic protein. In multiple sclerosis Davis ef al. have
claimed that lowering the serum calcium has a beneficial effect on the
patient’s symptoms#2-43,

GLYCOSYLATION

Myelin basic protein can act as a substrate in vitro for N-acetyl-galactosaminyl
transferases#, the sugar residue being attached to threonine-98. There is no
evidence that the basic protein is glycosylated in vivo, but a glycosylated form
might not be readily extracted nor identified. The main protein of peripheral
myelin appears to be a glycosylated form of a peripheral myelin basic
protein and it is not readily solubilizedre.

CARBOXYPEPTIDASE AND DEAMIDATION
Microheterogeneity of myelin basic protein has been clearly demonstrated in
a number of studies by Kies and colleagues. Recently they showed# that
part of the heterogeneity was due to phosphorylation and part was due
to removal of C-terminal arginine residues. It is not clear if this modifi-
cation occurs in vivo or takes place during the isolation. Because of the de-
naturing conditions used during isolation it is more likely to be an in vivo
modification.

Selective deamidation of glutamine residues has been demonstrated?+ and
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it is probable that this modification contributes to the heterogeneity. It is
probable that this may be a spontancous change not requiring an enzyme and
it occurs during the extract with acid.

Robinson and Rudd#s have suggested that spontaneous deamidation might
be involved in degradation of proteins; removal of the amide group would
increase the negative charge, change the conformation and start the degrada-
tive process. There is a need to examine the basic protein from multiple
sclerotic brains with regard to these modifications.

Synthesis and degradation of myelin basic protein

Studies on the turnover of myelin basic protein have yielded confusing
results as to the precise half-life of the protein in animals (reviewed by Car-
negie and Dunkley?©). Burton and Agrawal3 have attempted to resolve the
confusion by examining the turnover of myelin proteins over an extended
period and have suggested that there is a precursor pool which is degraded if
the proteins are not incorporated into the myelin sheath. Once laid down in
the sheath the proteins apparently are stable (see Figure 6.1).

The normal in vivo procedure for the degradation of myelin basic protein
is not known. In diseases such as multiple sclerosis and experimental auto-
immune encephalomyelitis (EAE) where there is infiltration of lymphocytes
into nervous tissue, myelin basic protein has been observed to be extensively
degraded+6-47. Because the concentration of lysomal acid proteinase is highest
at the edge of the plaque in multiple sclerosis, it has been suggested that the
proteolysis of the protein is a key event in the formation of the plaque#8. Acid
proteinase from brain#® and thymocytes selectively hydrolyses myelin basic
protein at the two Phe~Phe bonds thus producing three large fragments.

Localization

The precise localization and concentration of the basic protein within the
lamellar structure of myelin is not known. One difficulty is that it is niot clear
how much reorganization and exposure of proteins has occurred during the
isolation of myelin. With isolated myelin it appeared that the basic protein
was associated with the period line (P in Figure 6.2) observed in the electron-
microscopes?. This would imply that it was originally present in vivo on the
inner side of the oligodendrocyte membrane, if one accepts the conventional
model for myelination. Attempts to establish the localization of myelin
proteins in vivo with lactoperoxidase and ingeneous spinal cord preparation
met with limited success but supports its localization in the period linest.
Wherever the basic protein is located in vivo some of it at least is accessible
to lymphocytes in experimental autoimmune encephalomyelitis (EAE)52



PROTEINS AND ENZYMES OF MYELIN 177

(see Chapter 8). In this disease lymphocytes are sensitized to the basic pro-
tein by immunization in the hind footpad. The lymphocytes migrate to the
brain where they produce a lesion only where they meet their target—
myelin basic protein*. However, there is evidence that in native and thus
undamaged myelin, most of the myelin basic protein is not accessible to
antibodys3. It is possible that a modified form of the basic protein is recog-
nized on the surface of oligodendrocytes or at the equivalent of the nodes of
Ranvier (see Figure 6.2). Wherever it is located it must be much more
accessible to lymphocytes than other brain proteins, for example S-100
protein which is a good antigen but which does not induce lymphocytic
infiltration into the brain nor any neurological disease.

Recently Wood et al5* used a non-penetrant probe for localization of
membrane proteins on myelin from acute and chronic multiple sclerotics.
They claimed that myelin basic protein was much more exposed in the
myelin from the acute form. If confirmed this could be of major importance
in understanding the breakdown of myelin.

Encephalitogenic determinants

Myelin basic protein when injected with appropriate adjuvants will produce
experimental autoimmune encephalomyelitis (EAE), which is characterized
by paralysis especially of the hind quarters and infiltration of lymphocytes
into the central nervous system (see Chapter 8 and 13).

One difficulty in studying this type of autoimmune disease is that different
species respond preferentially to different regions of myelin basic protein.
This is probably a reflection on the extent of immunological control over
self-antigens rather than the exposure of different regions of the protein in
the central nervous system. One would expect the protein to have a similar
function in all mammals and an immune response to any part of it would
disrupt its function and cause similar clinical symptoms. The sites which
induce clinical EAE in various species are listed in Table 6.3. Although the

Table 6.3 Encephalitogenic regions of myelin basic protein

Region Induces EAE ~ Reference
Phe-Ser-Trp-Gly-Ala-Glu-Gly-Gln-Lys or Arg Guinea-pig 55, 56
Thr-Thr-His-Tyr-Gly-Ser-Leu-Pro-Gln-Lys-Gly Rabbit 57
Phe-Lys-Leu-Gly-Gly-Arg-Asp-Ser-Arg-Ser-Gly-Ser-
Pro~-Met Monkey 58
Between residues 45 and 86 in rat and mouse proteins Rat and 24, 59,
mouse 60, 61

* This view is by no means universally held by microscopists (see Chapter 1, page 7).
Editor.
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site for the monkey is known, it cannot be assumed that the human would
respond to the same region of the protein. Two different assays6263 for
cell-mediated immune response have claimed that lymphocytes from
patients with multiple sclerosis respond to the tryptophan region of myelin
basic protein.

In relation to multiple sclerosis

IMMUNOLOGICAL STUDIES

Because of the ability of myelin basic protein to induce experimental auto-
immune disease of the central nervous system it has been widely studied as a
possible antigen in multiple sclerosis. These studies provide no evidence for
a humoral immune response to the basic protein; there are controversial
results on the possibility of it being an antigen in cell-mediated responses. It
is possible that the lack of agreement between laboratories® may reflect the
difficulty of obtaining patients at a particular stage in the disease. It is con-~
ceivable that the differences reflect differences in the basic protein used as
test antigen. Although there is considerable homology of amino acid
sequence between the human protein and that from other species, the non-
homologous regions could be important in assessing the response of lympho-
cytes from patients. In addition another source of variation is the extent of
enzymic modification of myelin basic protein. The extent of methylation of
arginine varies quite markedly between species and the amount of phosphate
remaining will vary with the purification procedure used. If the cell-
mediated immune response were directed against a region of the human
protein which is subject to modification then variation in results from
laboratory to laboratory would be expected. There is a need for a prepara-
tion of human basic protein to be made available and used as a standard in
work on cell-mediated immunity in multiple sclerosis.

IS MULTIPLE SCLEROSIS AN IMMUNOPHARMACOLOGICAL DISEASE?

The concept that clinical disease could result from a block of antibodies
directed against cell surface receptorsss evolved from consideration of the
cause of paralysis in EAE. As was discussed above the basic protein of myelin
in contrast to other brain proteins can readily induce marked neurological
symptoms as a consequence of immunization. It was found that the whole
protein was not required for the induction of EAE and that guinea-pigs
responded to a small peptide Phe-Ser-Trp-Gly-Ala-Glu-Gly-Gln-Args®.
Carnegies? observed that this region of the protein fulfilled the requirements
for a binding site for serotonin and that the clinical disease could result from
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antibody directed against serotonin receptors. Antibody has been implicated
in the disruption of electrical activity in isolated cultures of central nervous
tissuet6 but the precise site of action of the antibody, whether at the synapse,
nodal region or at the oligodendrocyte has not been defined. Myelin basic
protein was shown to interact with serotonin and related indoles®2 and sup-
port for the concept of a block or damage to serotonin receptors in EAE have
come from neurophysiological studiest” and determination of - serotonin
levels in the brainf8, Moreover, when the level of brain serotonin was raised
either by administration of tryptophan% or by monoamine oxidase in-
hibitors7°, the induction of EAE was suppressed.

Lennon and Carnegies extended the concept to other diseases possibly
caused by antibody to receptors. Their hypothesis has been validated by the
demonstration that in myasthenia gravis there is an immune response to
acetylcholine receptors, in Graves™ discase there is an immune response to
receptors for thyroid-stimulating hormone, and in insulin-resistant diabetes
there is a response to insulin receptors.”!

Multiple sclerosis is a likely addition to the list of immunopharmacological
diseases. In multiple sclerosis abnormal levels of immunoglobulin are clearly
demonstrated in cerebrospinal fluid but the antigen to which it is directed has
not been identified. Serum from patients with multiple sclerosis contains
antibody which will cause a block of bioelectric activity in tissue cultures.
It is well established that multiple sclerotics have a peculiar sensitivity to
small increases in temperature and the extent of their deterioration can be
determined by tests of optic tract function, for example flicker fusion test.
The deterioration in function induced by hyperthermia could be completely
prevented by injection of the precursors of neurotransmitters tyrosine and
tryptophan, but not by other compounds?2. Moreover three groups have
reported abnormalities in metabolites of serotonin in cerebrospinal fluid73-7s.
Our suggestion is that in multiple sclerosis there is a block by antibody of
receptors for serotonin on oligodendrocytes (Figure 6.5) and that this type
of reaction could account for the fluctuating clinical symptoms observed in
the disease; demyelination would result from a prolonged immunological
attack on the oligodendrocyte rendering it incapable of maintaining the
myelin sheath. Receptors for serotonin must be present on oligodendrocytes
as serotonin will alter their rate of pulsation.

Lymphocytes from patients with multiple sclerosis did not react to myelin
but did react with oligodendrocytes??. Alvord et al.7® found a similar lack of
reactivity to myelin but obtained a response to a membrane fraction which
although labelled ‘synaptosomal membranes’ could easily have included
oligodendrocyte membranes. There is thus a need for further work on the
antigen involved in the membrane and we speculate that it will be found to
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Figure 6.5 Concept of an immunopharmacological block in EAE and multiple sclerosis.
Antibody to the serotonin receptor would interfere with the response of the glial cell to
serotonin and disrupt its support of the myelin sheath. In myasthenia gravis it is now well
established that antibody to acetylcholine receptor is involved in the pathogenesis

be an enzymically modified form of myelin basic protein acting as a serotonin
receptor.

Should multiple sclerosis turn out to be an immunopharmacological
disease similar to myasthenia gravis new approaches would appear with
regard to treatment. To alleviate some of the symptoms, precursors of sero-
tonin or certain monoamine oxidase inhibitors would be used to raise the
level of serotonin at the receptor. In myasthenia gravis the use of anticholin-
esterase drugs is well established. It is of interest in this connection that
monoamine oxidase inhibitors have been administered to multiple sclerotics
with controversial resultss2. In the future it might be possible to specifically
manipulate the immune response thus selectively restoring immunological
tolerance to the receptors.

Recently Hyyppi ef al.7 found that 1-tryptophan, a precursor of serotonin,
had a beneficial effect on motility and bladder function in patients with
multiple sclerosis. In this short-term trial there was no dramatic change in
the condition of the patients. In future trials L-hydroxytryptophan should be
used as it is a more direct precursor of serotonin. However more detailed
trials should perhaps await experimental evidence to support the concept
of an immunopharmacological block in multiple sclerosis. This may come
from an investigation of the effects of serum from patients on serotonin re-
ceptors on cells cultured from the central nervous system.
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OTHER STUDIES

Myelin basic protein has been implicated in studies on the proteolytic activity
in the region of plaques of demyelination80-8. The claim5* that the basic
protein was more exposed in myelin from a patient with multiple sclerosis
was discussed above.

Proteolipid protein

Protein as a myelin component

In most areas of the central nervous system the main protein of myelin is the
proteolipid protein. This is a peculiarly hydrophobic protein with an
unknown function. From electrophoretic studies it is clearly associated with
the appearance of myelin during development. It is present in myelin through
extensive purification and is not produced when myelin synthesis stops in
mutant mice. Detailed references are given in recent reviews on the properties
of the protein®2-83,

Isolation and properties

The protein is peculiar in that it is soluble in chloroform-methanol. A
chloroform-methanol (2:1 by volume) extract of brain or myelin makes a
convenient starting material for the isolation of the proteolipid protein®z. It
is readily denatured and great care must be taken to prevent aggregation
during the separation of the protein from lipid. The physical properties alter
during the conversion to the lipid-free protein. Even after extensive purifica-
tion the protein retains a small amount of fatty acid which is covalently
linked to some unidentified site2-83, It is possible that a glycosylated form of
the protein exists in myelin but this remains to be substantiateds+.

The molecular weight (25000 daltons) is slightly higher than that of the
myelin basic protein32. The protein has an unusually high content of hydro-
phobic amino acids which presumably helps to explain its ready solubility in
chloroform-methanol82-83. The aggregation which readily occurs during
isolation probably involves crosslinking through disulphide bonds. The
isolated protein is extremely resistant to digestion by proteolytic enzymes8s
and it has not so far been possible to obtain detailed information on the amino
acid sequence, apart from a short segment at the N-terminal end®. This
region from the human protein had the sequence Gly-Leu-Leu-Glu-Cys-
Cys-Ala-Arg-Cys-Leu-Val-Gly-Ala-Pro-Phe-Ala-X-Leu-Val-Ala. It is note-
worthy that there is a high proportion of hydrophobic amino acids in this
section.
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Protein in relation to multiple sclerosis

In contrast to the basic protein, proteolipid protein does not induce EAE. It
does not appear to have been examined as a possible antigen in multiple
sclerosis. Although very resistant to proteolytic digestion in vitro, when it is
present in myelin proteolytic enzymes appear to be able to digest it readily$?.
In studies on plaques from multiple sclerotic brains the proteolipid protein
was found to have disappeared along with other myelin components®°.

2/,3'-Cyclic nucleotide-3’-phosphohydrolase

2',3"~cyclic nucleotide-3’-phosphohydrolase (CNPase) is an enzyme which
catalyses hydrolysis of 2’,3’~cyclic nucleotides to produce 2’ derivatives.

O\P/O l
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Because of its application in studies of demyelination in multiple sclerosis and
in experimental animals, it is reviewed in detail.

Although activity of this nature was first demonstrated in bovine spleen®8
and pancreas8? it was shown in 1962 by Drummond et 4l.9, in a more
detailed study in the dog, that the specific activity in the central nervous
system was at least ten times greater than in a wide range of other tissues.

CNPase as a myelin enzyme

Determination of the regional distribution of CNPasc in the central nervous
system of several vertebrates indicated a correlation with the distribution
of myelinated fibres®’. Unmyelinated invertebrate nerves contained no
activity%2. As cerebroside had been shown to increase simultaneously with
myelination and was demonstrated to be a major myelin lipid it was con-
sidered the most characteristic myelin marker and accordingly Drummond
et al.9° examined the ratios of CNPase to cerebroside for different CNS
regions of a number of vertebrates including dog, skate, dogfish and turtle.
The ratio varied widely between different regions in a single animal and
especially between comparable regions in the different species. The authors
concluded that the absolute amounts of CNPase and myelin were independ-
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ent although they also suggested the results could arise if cerebroside did not
represent a universal myelin marker. As the species studied are widely sep-
arated on a phylogenetic scale, differences in CNPase/cerebroside ratio may
only reflect different evolutionary development with respect to these
components.

FRACTIONATION
Subcellular fractionation of rabbit brain showed that the enzyme was as-
sociated with particulate fractions especially with those demonstrated by
electronmicroscopy primarily to contain myelin sheaths¥?. Similar results
wete found for a subcellular fractionation of bovine brain%. A more recent
study% of CNPase activity of myelin isolated from different regions of
bovine brain showed variations resembling those observed by Drummond
et al.90 for CNPase activity in dog brain.

When purified myelin from rat was further fractionated on a discontinuous
sucrose gradient, CNPase activity was shown to increase from light to heavy
fractions as did glycoprotein and other high molecular weight protein in
contrast to basic protein%. The observed changes of CNPase levels both
between different brain regions and within myelin may reflect localization of
the enzyme in specific regions and may in turn be of functional significance
for the enzyme.

DEVELOPMENT

In the developing central nervous system of chicks®, mice!# and rats93 the
appearance of CNPase activity closely paralleled active myelination, but was
not associated with axonal development.

NEUROLOGICAL MUTANTS

Studies on two neurological mutant mice which exhibit a deficiency of
myelination indicated that CNPase was decreased to 25-50%, in ‘Quaking’
mutant#9 and to 109, in ‘Jimpy’9297 when compared to controls. This is
consistent with the observation that Jimpy’ shows the more serious myelin
deficiency. In normal mice CNPase specific activity increases rapidly from
10-28 days after birth. By contrast it has been demonstrated# that CNPase
levels in ‘Jimpy’ brains do not increase beyond the 21st day level whilst in
‘Quaking’ an increase is observed to day 21 (Figure 6.3).

Whether or not there is a strictly quantitative relationship between
CNPase activity and myelin content the weight of evidence indicates that
CNPase is a true myelin enzyme satisfying all criteria listed in the intro-
duction. As such, this has proven a useful ‘marker’ for myelin in isolation
and developmental studies involving higher animals.
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Properties

Myelin CNPase is conveniently measured by determining the rate of
hydrolysis of 2’,3'-cyclic nucleotides to their 2’ derivatives. The adenosine
cyclic nucleotide is maximally hydrolysed®° and is the substrate used in most
assay systems. Other 2’,3'~cyclic nucleotides are hydrolysed to a lesser extent
whilst 3,5’-cyclic nucleotides and non-cyclic phosphate diesters do not act
as substrates. Unless indicated, studies discussed below have used 2’,3’-cyclic
adenosine monophosphate (cyclic AMP) as substrate.

Several-fold activation of the enzyme in myelin has been shown to
occur by treatment with the detergents sodium deoxycholate%, Triton
X-100%, Cetavlon9? and Sulphobetaine-DLH!0, This activation is probably
a result of lipid removal allowing increased access of substrate to active sites.
Some support for this idea comes from the observation that sonication
results in partial activation9’. From studies performed, it is not possible to
determine whether any of the activating effect observed results from a direct
action of the detergents on the enzyme.

In our work on solubilization of the enzyme using Triton X-100, we
showed that solubilization required ionic strength of above o-5 but maximal
activation is obtained at greater than 29, Triton X-100 independently of the
ionic strengthror,

The pH optimum of the detergent-activated enzyme from mammals is
6:2-6-5192103 although earlier work involving material that was not pre-
activated showed a pH optimum of 7-5. The temperature optimum for rat
brains was shown to be 30 °C193. An optimal pH of around 6§ and a tempera-
ture optimum of 30 °C was obtained for shark brain102-195 which had not
been activated!®4. Several values of apparent K have been reported and
whilst these vary fairly widely they fall in the range of 1-3-5 mM. This wide
variation is not surprising as source and conditions of sample and assay differ
drastically, but as will be discussed later, the values obtained are generally
higher than would be expected for a physiological substrate.

Data on inhibition of the enzyme is confused, probably because studies
have been performed using different assays on material processed in various
ways. The enzyme shows no metal requirement but inhibition has been
shown to occur with cupric sulphate, zinc acetate and mercuric chloride,
A form of the enzyme solubilized using Tween/guanidinium was shown0s
to be inhibited by high levels of sodium acetate, sodium chloride and
guanidinium chloride although work in our laboratory has shown no
effect of sodium chloride on a Triton X-100-salt solubilized form of the
enzyme.

Early studies using a fixed time assay containing 71 mM 2’,3'-cyclic AMP
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reported no inhibition by 2 or 3* AMP at concentrations up to 10 mM?90-93,
A more recent study%5, however, using a rapid spectral assay and substrate
concentration of T mM (cyclic AMP) reported 50%, inhibition by both these
compounds at 05 mM. Adenosine-s’-phosphate and adenosine-s’-tri-
phosphate were shown to inhibit at slightly higher levels (0:52 and 0:96 mM
respectively for 509, inhibition) and adenosine 3'-s-cyclic phosphate,
orthophosphate and adenosine (44, 8-5 and 16:0 mM) at much higher levels.
Pyridoxal phosphate was also inhibitory but the extent of its inhibition was
not determined.

The physiological substrate for the enzyme has not been determined but
the observed action and inhibition of the enzyme would seem to suggest
that a stericaily restricted phosphate group is required in the substrate. The
recent observations of phosphorylation’+ in basic protein make it tempting
to suggest the enzyme may perform a role in modifying the pattern of
phosphorylation of the basic protein (for example as a phosphotransferase).
Initial studies in this direction (unpublished) have shown that CNPase and
phosphoprotein phosphatase activities are unrelated. A synthetic peptide
Gly-Arg-Gly-Leu-Ser-Leu-Ser-Arg, related to myelin basic protein was
phosphorylated with cyclic AMP-dependent protein kinase39. The phos-
phopeptide was readily dephosphorylated by the phosphoprotein phos-
phatase associated with myelin but not by a CNPase purified by ion
exchange chromatography?°s,

CNPase activity in other membranes

CNPase activity was originally reported in non-neural material88-39 and a
later study®° indicated that activity was fairly widespread although always at
least ten times lower than the levels in the nervous system. The peripheral
nervous system was shown?0:197 to have five to ten times lower activity than
the central nervous system. Detailed studies of CNPase from human erythro-
cytelo8 and spleen?®® showed in both cases the enzyme was associated with
membrane material and for the properties examined was identical to the
myelin CNPase. This would suggest that the enzyme could perform a
function of general importance in membranes and not just one peculiar to
myelin.

With cells from the central nervous system, marked differences were found
in CNPase content. Oligodendroglial cells were found to have eight times
more enzyme than astrocyte or neurones™. The specific activity of CNPase
in the plasma membrane fraction of oligodendrocytes was half that of
myelinS. As it is generally accepted that oligodendroglial cells are involved in
myelin formation it is not surprising that these cells contain this myelin
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component. The higher specific activity of CNPase in myelin compared to
oligodendroglial cells would suggest CNPase exists in myelin not merely
through passive transfer with other oligodendroglial proteins, but that it is
either produced for incorporation into myelin or selectively maintained
during the myelination process.

Using different isolation procedures, two subfractions, labelled ‘myelin-
like’98, 111113 4nd ‘membrane fraction’14, which bear some resemblance to
myelin by a number of criteria, have been isolated from young rat brains.
These two fractions have similar chemical compositions and both appear
as single-walled vesicles in electronmicroscopy, but differ in the detailed
morphology of the vesicle walli4. Both subfractions are virtually devoid of
cerebroside but have high activities of CNPase, and electrophoresis indicates
that they contain basic protein. Labelling studies'# suggest that there may
be a precursor-product relationship between these fractions and mature
myelin. The presence of CNPase in myelin-like material has recently''s been
confirmed and was also shown to be present in microsomal fractions in the
early stages of postnatal development. Basic protein was also detected
electrophoretically in these fractions and it has been suggested that the micro-
somes contain precursor membrane fragments at a stage prior to myelin
formation.

CNPase in myelination, demyelination and disease

The intimate relationship between CNPase and myelin has led to the study
of this enzyme in relation to a number of discases or treatments which result
in changes or loss of myelin. The extensive studies on CNPase in relation to
defective myelination in mutant mice have already been described. In the
human genetic disease, Down’s syndrome, myelin levels are usually de-
creased. The protein composition of the myelin seems generally unchanged,
but three cases examined for CNPase activity showed a 20-30%, reduction
of this enzymer®,

The production of EAE by injection of myelin basic protein and its
relationship to multiple sclerosis have been discussed in Chapter 6. Drum-
mond et al.92 examined CNPase activity in spinal cords of guinea-pigs in the
terminal stages of EAE, but no significant difference in activity was found
between diseased and control animals. However, another study™7 claimed a
slight increase at early stages in the disease. A study of EAE in the monkey
revealed that enzyme levels in the plaques of demyelination were lower than
those found in apparently normal white matter from the diseased brain from
animals with EAF"8. Bornstein and Raine™® reported that serum from
animals with EAE, when added to embryonic mouse spinal cord cultures,
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inhibited visible myelination. Under normal conditions these cultures show
an increase in sulphatide synthesis as followed by 35S uptake just prior to
myelination and an increase of CNPase activity during myelination, both of
which mimic the situation in the whole animal. In the presence of EAE serum,
CNPase activity did not increase in the cultures but on removal of the serum
visible myelination and CNPase activity increased in parallel’2e. A similar
response was observed when sulphatide synthesis was examined21.

Tumour cell lines of glial origin were found to have CNPase activityi22.
Later studies'?3 on series of brain tumours showed that CNPase levels in all
cases were considerably less than normal brain white matter. For typical
tumours CNPase activity decreased in the order oligodendroglioma>
neurinoma and astrocytoma> glioblastoma>medulloblastoma > menin-
gioma. Pfeiffer and Weschler'># established four neoplastic clonal cell lines
from a transplantable tumour of the PNS, and showed by several criteria
including a relatively high CNPase activity that one of these was a Schwan-
noma. Konings and Pierce!®® examined a lymphosarcoma in spleen and
found approximately double the activity observed in normal spleen tissue.
Whether this represents a general phenomenon of these tumours has not yet
been reported.

Thyroid hormones appear to exert some effect during CNS maturation.
Thyroxine administration leads to precocious myelination and hypo-
thyroidism results in a deficiency of myelin lipids. Hyperthyroidic animals
exhibited an 809, increase of CNPase activity on the fifth day of life. In
hypothyroidism CNPase levels followed a similar pattern of increase to
normal but were retarded in actual level so that at 20 days CNPase activity
was approximately equivalent to 1s-day activity of a control animal'ss.
Injection of triiodothyronine to hypothyroidic animals resulted in complete
restoration in four days to a normal CNPase level in brain. It would appear
therefore, that the rate of appearance of the enzyme is, at least partially, under
the influence of thyroid hormones. Another study of this type on hypo-
thyroid rats reported essentially the same resultsi26,

Chronic administration of triethyltin (TET) to rats results in a demyelina-
tion process which proceeds in the presence of severe oedema and without the
intervention of macrophage activity. Several hypotheses exist as to the
mechanism of TET disruption and one such theory suggests that the mode of
action of several enzymes has been affected. Wassenaar and Kroon?27 studied
a number of enzymes from rabbits with TET-induced oedema as well as
effects of TET on these enzymes in vitro. CNPase levels in treated animals
were not reported but TET was shown to have no effect on CNPase in vitro.

The compound 1,1,3-tricyano-2-amino-1-propene (TCAP) increases
neuronal metabolism and production of nucleoprotein in rabbit cerebral
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cortex pyramidal cells and spinal cord motor neurons. When TCAP was
injected into chick embryos, and the CNPase level in sciatic nerve was
examined 24 hours later, an increase in activity was observed. The increase
was not the result of direct activation of the enzyme by TCAP. Cerebroside
production was also stimulated but to a lesser extent and CNPase in the brain
and other enzymes studied from the sciatic nerve were not affected. Labelling
studies indicated production of a single protein (or group of proteins) and it
was suggested that TCAP selectively stimulated de novo synthesis of CNPase
by Schwann cells™28.

In relation to multiple sclerosis

CNPase activity in multiple sclerosis patients was shown to be the same or
marginally lower than controls in the white matter of the temporal region
outside plaques of demyelination and to decrease towards the centre of
plaques™29-130, In nearly all cases, changes were reflected by changesin cerebro-
side levels?9. Two samples from the corresponding temporal region of the
patients with the virally induced demyelinating disease, subacute sclerosing
panencephalomyelitis (SSPE), were also examined and showed much lower
values than controls and again these were reflected by similar decreases in
cerebroside levels'29.

Myelination and CNPase activity in tissue cultured from newborn mouse
cerebellum was shown to increase to 20 days and then plateau off. Addition
of EAE or MS serum at 20 days caused demyelination, and CNPase activity
fell by 80%, within a few hours. No CNPase activity was detected in the
culture medium, indicating that the enzyme was blocked or destroyed before
release’3!, Unfortunately this interesting observation has not been further
examined.

Cell cultures derived from autopsy and biopsy material from multiple
sclerosis patients showed no significant differences in their CNPase activity
when compared to cultures from patients with other discases not involving
the central nervous system. All cultures showed increased CNPase specific
activity with increasing cell density, or after transformation with SV40
virust3z,

These studies would seem to suggest that CNPase is not involved directly
in the pathogenesis of multiple sclerosis. However, until the physiological
substrate for this enzyme is determined and further studies performed this
possibility cannot be completely eliminated. The ability of this enzyme to
serve as a marker for myelin has been indicated in this section and because it
is not altered drastically in multiple sclerosis it remains a useful marker in
material isolated from patients.
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Cholesteryl ester hydrolase

Several cholesteryl ester hydrolases exist in the brain. One of these, dis-
tinguishable by pH optimum, was shown to be almost exclusively localized
in fractions containing purified myelin from rat brain. Levels of the enzyme
are markedly decreased in grey matter, in seven-day-old (unmyelinated) rat
brains and in ‘Quaking’ and Jimpy’ mice33. This strongly suggests it is truly
associated with myelin.

Properties

The enzyme is activated by taurocholate but inhibited by Triton X-100,
Tween 20 and sodium deoxycholate!33. Furthermore the enzyme in myelin
has a lipid requirement being stimulated by some phospholipids, saturated
fatty acids and neutral glycolipids and inhibited by unsaturated fatty acids,
lysolecithin and acidic glycolipids'3+. Of the lipids examined, phosphatidyl
serine produced the greatest stimulation but even this could not completely
replace the taurocholate activation. Stimulation was independent of the en-
zyme source but dependent on the amount of substrate present, and the Ky,
and linearity of the enzyme response were not significantly affected.

In relation to multiple sclerosis

It has commonly been observed that cholesteryl ester is increased in demy-
clinating disease whether demyelination is primary to or secondary to the
disease process. Furthermore, the cholesteryl esters formed usually show
variation with respect to the esterified fatty acid when compared to the trace
amounts of cholesteryl esters in normal myelin. There is some conjecture?3s13¢
as to whether the pattern of esterification varies according to the disease or is
the same regardless of the demyelinative process. In multiple sclerosis it has
been suggested that cholesteryl esters are altered in the apparently normal
white matter as well as the plaques of demyelination, an observation which
could imply a causative role for these lipids in the disease. A recent paper!3?
concluded that this observation was probably due to the presence of plaques
in the normal white matter which escaped detection.

The existence of a cholesteryl ester hydrolase which seems to be almost
exclusively localized to myelin suggests that it may be involved, directly or
indirectly, in the metabolism of cholesteryl esters. The role of the enzyme is
not known although it may be involved in maintaining low cholesteryl
ester levels in the myelin. In the disruption caused by demyelination the
enzyme may be destroyed or become inhibited by interaction withlipids with
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which it is not normally in contact, hence resulting in increases in the levels of
cholesteryl esters. A further possibility, which has not been investigated, is
that this enzyme may be capable of catalysing the reverse reaction under the
influence of certain lipids. It could then be seen to play an active role in the
production of cholesteryl esters during demyelination. Whatever the in-
volvement (if any) of this enzyme in demyelination, the observation that it is
strongly inhibited by unsaturated fatty acids is intriguing in view of the con~
troversy over the role of fatty acids in multiple sclerosis (see Chapters 8, 9).

Other proteins and enzymes of myelin

In this section a number of proteins and enzymes which have been claimed to
be associated with myelin will be described. The presence of these com-
ponents serves to emphasize that myelin is a much more complex membrane
than previously thought.

Glycoprotein

Compared to other membrane fractions myelin has a relatively low glyco-
protein content'38. However, Quarles et al.139 using SDS gel electrophoresis
and [C] fucose, injected into rat brain, showed that the radioactivity was
incorporated into myelin primarily into a single band. Extraction with
chloroform-methanol results in solubilization of less than 10%, radio-
activity suggesting it was neither labelled glycolipid nor part of the chloro-
form-methanol soluble proteins which constitute a large amount (~90%,) of
the myelin proteins'4. A glycoprotein of similar electrophoretic mobility
was also found in human and bovine brain™#. From the ratio of carbohydrate
to protein it was determined that in rats the glycoprotein represented only
less than 29, of the total myelin protein™°. A number of experiments were
therefore necessary to confirm that this protein was truly myelin associated
and not merely a contaminant from a richer source.

GLYCOPROTEIN AS A MYELIN COMPONENT

It was reasoned that if glycoprotein were a contaminant, a preparation of
myelin from white matter would contain less glycoprotein than one from
mainly grey matter whichis rich in glycoproteins from neuronal membranes.
Despite the great differences in yield of myelin from the two sources, the
specific radioactivity was approximately the same suggesting that the glyco-
protein was a true component of myelin'o.

When pure myelin was isolated and separated into four fractions on a
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discontinuous gradient the glycoprotein was shown to increase from the
light to heavier fractions similarly to CNPase9.

That the labelled glycoproteins were not introduced to the myelin from
other fractions during myelin isolation was shown by examining the myelin
fraction from mixtures of brains of adult and neonatal rats bearing different
isotopic labels. By similarly examining brains from animals aged 10-22 days
it could be shown there was a good correlation between the amount of
radioactive glycoprotein in the myelin and the amount of myelin in the
brain™, A fraction isolated from ‘Jimpy’ mice using the procedure for im-
mature myelin was shown to contain virtually none of the characteristic
myelin markers nor the major glycoprotein®2, Myelin isolated from fucose-
labelled ‘Quaking’ mice brains contained less radioactive fucose than controls
and was incorporated into a protein of apparently larger molecular weight14.
It has been suggested that the smaller glycoprotein may be required for
normal maturation of myelin and hence it was proposed that the absence of
this form may be the defect responsible for impaired myelination of ‘Quak-
ing’ mice.

The plant lectin, concanavalin A, binds to isolated myelin providing fur-
ther evidence for the existence of glycoprotein. Lectins specific for fucose and
N-acetylhexosamine residues did not bind but it was suggested this may be
due to these residues being sterically inaccessible in the myelint4,

GLY:COPROTEIN IN MYELINATION

A detailed study™s of myelin isolated from brains of rats aged 14-60 days and
examined by electrophoresis showed an insignificant variation in the amount
of glycoprotein relative to total protein. Injection of labelled glucose and
fucose into 13-day-old animals showed increasing total radioactivity in
myelin for several weeks in contrast to total brain which decreased in radio-
activity over the same time. The authors suggested these results are best
explained by the existence of a precursor material for myelin which has dif-
ferent density characteristics to myelin and is not isolated with it. Radio-
activity would incorporate rapidly into this precursor and would appear more
slowly in the myelin as it was formed by modification of the precursor.
Electrophoretic studies of the glycoprotein from rats indicated a molecular
weight of approximately 110 000 daltons although mobility of glycoproteins
in SDS is partially dependent on the carbohydrate groups present. When
myelin fractions isolated from 14-day and 22-day-old rats, injected with dif-
ferent isotopes, were run on a single gel, the major glycoprotein from the
older animals had a slightly greater mobility™#6. This effect was also ob-
served#” in hamsters, gerbils and other strains of rats but could not be shown
for strains of mice or for prairie deer mice. The glycoprotein in the latter two
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groups had a mobility corresponding to the faster glycoprotein of the former
species. As this faster glycoprotein is present in all species, it has been sug-
gested that it is necessary for normal myelin maturation. The small change in
mobility was proposed to be a result of changes in carbohydrate composition
of the protein, or alternatively could have resulted from a decrease in the
molecular weight of 15000200000 daltons!4s.

As glycoproteins are believed to be involved in cellcell interactions it has
been suggested™8 that myelin glycoprotein could function in the recognition
of axonal sites for myelination or in promoting the formation of compact
myelin from loose layers as a result of alteration or removal of the glyco-
protein.

GLYCOPROTEIN IN RELATION TO MULTIPLE SCLEROSIS

No studies have been reported on the myelin glycoprotein in multiple
sclerosis. However, there is a report that a brain-specific glycoprotein,
obtained from human white matter, will stimulate lymphocytes from patients
with multiple sclerosis. It is unlikely that this component of white matter is
the same as the myelin glycoprotein as the former is readily soluble in EDTA-
saline™9.

DMzo

A protein observed on SDS gel electrophoresis to run between basic protein
and proteolipid protein and which seems to be unique to central nervous
system myelin has been reported and named DM2015°. It has been shown
that DM20 is enriched in parallel with proteolipid and basic proteins during
myelin isolation and is present in myelin prepared from a number of species
suggesting that it is a general component of this membrane. It remains in the
acid insoluble fraction and a band of similar .mobility has been observed in
SDS gels of chloroform-methanol extracts suggesting it might be a compon-
ent of proteolipid protein; however, further clarification of the nature of
the protein and its relationship to proteolipid is required. Studies on DMz20o
in relation to multiple sclerosis have not been performed.

Non-specific esterase

NON-SPECIFIC ESTERASE AS A MYELIN COMPONENT

Whilst the presence of non-specific esterase activity in the brain is beyond
doubt?st, the association of some of this activity with myelin remains con-
troversial. Early histochemical studies's>153 indicated that myelin was not a
major site of esterase activity, but precise location of activity using such
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techniques is difficult. Direct assay of myelin obtained by subcellular frac-
tionation from rat’s3, human’s4, bovine!ss:15¢ and guinea~pig’ss brains indi-
cated the presence of some non-specific esterase. It has also been shown!57:158,
however, that levels of non-specific esterase activity as well as the activities
of several ‘marker’ enzymes usually regarded as characteristic of non-myelin
subfractions, vary markedly with myelin according to the media used for its
isolation. It has been suggested that redistribution of some enzymes occurs
during fractionation by release into solution from their native site and sub-
sequent reabsorption by other components, and this may be responsible for
the observed variation in enzyme levels. Nonetheless myelin has been pro-
duced which retains low esterase activity in the absence of significant activity
from the ‘marker’ enzymes's8-160 and no cases have been reported of isolated
myelin which completely lacks esterase activity. Whilst this would seem to
suggest the existence of esterase activity in normal myelin, it is far from de-
finitive. Determinations of levels of esterase activity during active myelina-
tion and in the neurological mutant mice ‘Quaking’ and ‘Jimpy’ would help
to clarify the problem.

PROPERTIES

The enzyme remaining in purified myelin shows a marked preference for
esters of short-chain fatty acids as substrates although activity is still detectable
with longer-chain substrates's+157-160, It has been suggested's? that two
enzymes may be responsible for the observed activity—a lipase attacking
longer—chain esters and an esterase for short-chain substrates. Whilst this has
not been examined in detail, investigation of the variation in specific
activity in developing guinea-pig (15 days to one year) gave different results
depending on whether short or long-chain esters were used as substrates. The
physiological substrate of the enzyme is not known.

The enzyme remaining in purified myelin is partially released into the
soluble fraction by the action of non-ionic detergents but is not released by
aqueous buffers and salt solutions of various ionic strengths and pHzI60-161,
This adds further evidence of its intimate association with myelin.

IN RELATION TO MULTIPLE SCLEROSIS

No work has been reported on the levels of non-specific esterase in myelin
isolated from multiple sclerosis patients. Early work involving examination
of esterase activity in white matter using zymogram techniques revealed
major changes with short-chain esterase activity between multiple sclerosis
and control samples, although these were not always reflected by changes for
homogenates when assayed directly62.163,
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Aminopeptidase and arylamidase

A problem arises in interpreting the data on the localization of amino-
peptidase activity as early studies used L-leucyl-B-naphthylamide as substrate
as it was thought this reflected a leucine aminopeptidase-type activity. It has
now been shown?!64 that hydrolysis of this may result from action of enzymes
unrelated to leucine aminopeptidase which have been termed arylamidases
(or aminopeptidase N). Only in recent studies has the distribution of sub-
strates hydrolysed by true aminopeptidases have been examined.

As with non-specific esterase there has been difficulty in determining if any
arylamidase or aminopeptidase activity, which is apparently associated with
myelin, is present merely as an artifact of myelin preparation or not. As-
sociation of arylamidase activity with myelin was first suggested by Adams
et al1s2 from assay of subfraction activity although histochemical staining
failed to support this. Early reports's>165 claimed that activities in myelin
represented between 15 and 209, of the total brain activity but more rigorous
purification of myelin results in only 2-49, being retained?®. It was further
demonstrated™®? that arylamidase activity in isolated myelin decreased if
gradient centrifugations of the myelin were repeated but reached a plateau
after several such centrifugations. Enzymatic markers for other membranes
were generally reduced to negligible levels by such isolation procedures.
D’Monte et al.’%8 also showed a marked decrease in arylamidase activity
accompanied by decreased specific activity during rigorous myelin purifica-
tion but reported that the specific activity of an aminopeptidase (using Leu-
Gly-Gly as substrate) was increased.

Only marginal changes were found in arylamidase during myelination in
the rat!! or chicken’®. It was found however, that arylamidase was present,
along with CNPase, in ‘early’ myelin from the rat™, a fraction for which a
possible precursor role to myelin may exist.

A slight increase in the specific activity of the tripeptide aminopeptidase in
chicken brain during myelination (13 days prenatal to 7 days postnatal) was
observed™®. This did represent a doubling of activity expressed relative to
wet weight of brain but was far from the dramatic change observed for
CNPase.

These results seem to suggest that arylamidase activity is absent, or present
only at very low levels in myelin. The possibility of myelin-associated amino-
peptidase activity has not been completely ruled out.

No studies on these enzymes in relation to multiple sclerosis have been
reported although it has been shown that arylamidase activity was not greatly
affected in experimental autoimmune encephalomyelitis (EAE)s.
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UDP-galactose:ceramide galactosyltransferase

UDP-galactose:ceramide galactosyltransferase catalyses the last step of syn-
thesis of galactosyl ceramide which is a major lipid of the myelin sheath.
Recently it was claimed, from studies on its subcellular distribution, that it is
a component of myelin'7°.

Protein kinase and phosphoprotein phosphatase

Protein kinases are enzymes which phosphorylate selected serine or threonine
residues in proteins. Brain contains, in the cytoplasmic fraction, protein
kinase which is activated by adenosine 3’,5'-cyclic monophosphate (cyclic
AMBP). In vitro this enzyme was found to utilize myelin basic protein as a
substrate. Among the enzymes of myelin are a protein kinase3s:36:39, not
regulated by cyclic AMP, and a phosphoprotein phosphatase39:172. Both use
myelin basic protein as substrate but as they were only recently discovered
little information is available on their properties and role in myelin. Because
of the presence in myelin of both a kinase and a phosphatase only a small
proportion of the basic protein would be expected to be phosphorylated at
any one time and the extent of phosphorylation would depend upon a
difference in rate between the kinase and phosphatase.

Phosphorylation of myelin basic protein has been demonstrated in vivo in
rats35:3¢ and chickens!72. Several sites are phosphorylated in chicken myelin
basic protein and both the cyclic AMP-dependent protein kinase and the
myelin kinase appear to be responsible for phosphorylation of basic protein.
In addition small amounts of phosphoserine have been located in bovine
basic protein3s+40. There is a need to investigate the role of these enzymes in
demyelinating disease.

Conclusion

Basic protein of myelin has long been examined as the prime candidate for
playing a direct role in the aetiology and/or pathogenesis of multiple sclerosis.
In this chapter the other proteins of myelin have also been examined in some
detail and whilst there is no strong evidence to suggest any of these may play
primary roles in the disease process, the paucity of information on most of
these proteins, especially in relation to multiple sclerosis, would suggest there
is a real need for further study. As indicated there are a number of enzymes
responsible for modification of basic protein and these could all be candidates
for ptimary or secondary involvement in multiple sclerosis. Until the
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importance of these modifications in vivo is determined there is little basis for
speculation.

Evidence seems to be increasing for involvement of oligodendroglial cells
in multiple sclerosis. One hypothesis in which basic protein is proposed to be
a receptor in oligodendroglial cells has been outlined. Again it is obvious
that further work on the oligodendroglial cell and its relationship to myelin is
required before any hypothesis can be critically examined.

One problem faced in framing any hypothesis for the aetiology of multiple
sclerosis is that whilst, statistically, differences between multiple sclerosis,
patients and controls, and correlations between a number of factors and
geographic distribution of multiple sclerosis can be demonstrated, none of
these has been shown to be true for all, or even nearly all, multiple sclerosis
patients. It could perhaps be argued that this is merely a reflection of the fact
that the true causative agent for multiple sclerosis has not been ‘discovered’,
but it is also possible that a number of different primary insults to the central
nervous system result in the clinical condition labelled multiple sclerosis.
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7
The problem of cerebrospinal fluid

A. Lowenthal

Introduction

The examination of the cerebrospinal fluid (CSF) in multiple sclerosis (MS)
is an essential step to arrive at a diagnosis and to study the physiopathology
of the disease.

It is known that serum of MS slows conduction in the spinal cord of the
frog! and demyelinizes nerve fibres in culture2. However, no other bio-
logical blood anomaly is known. It is clear that one finds important organic
anomalies in the central nervous system (CNS), both morphological and
biochemical. The examination of this material is practically impossible
during the patient’s lifetime. The contribution to our understanding of MS
has not been greatly enhanced after biopsies during stereotaxic operations or
examination of post-mortem material.

To confirm biologically the diagnosis of MS, one has thus to rely on the
CSE. This means that first and foremost one has to discard the preconceived
idea that a CSF examination (that is to say, a lumbar puncture) is dangerous
for patients suffering from MS. Our experience, based on hundreds of lumbar
punctures carried out on such patients, completely negates this hypothesis.
Moreover, the danger of effecting a wrong diagnosis, through failure to
examine CSF, is a real one. We have, on numerous occasions, seen the clinical
diagnosis of MS being altered, sometimes after many years, by the discovery
of a significant increase in total CSF proteins, caused by a medullary compres-
sion or the development of a tumour of the posterior fossa. Therefore it seems
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to us indispensable that before the diagnosis of MS is established, a lumbar
puncture should always be made. Certainly, from a scientific point of view,
no case of MS can be accepted as such unless a lumbar puncture has been made
and also, as we will show later, an electrophoretic examination of the CSF
proteins, either in agar gel, agarose gel or on cellulose acetate.

It is therefore most important to discuss the different methods used to
examine CSF, on the one hand, and on the other to try to assess the signifi-
ance of the results of the different examinations, both for diagnostic and for

physiopathological ends.

Techniques and results

We will discard straight away the examination of the CSF pressure: in MS,
it is normal. Queckenstedt’s procedure gives no indication. To the naked eye
the appearance of CSF is normal.

On the other hand the morphological and chemical examinations can give
valuable indications.

Morphological examinations

Morphological examination cannot be confined to cell count though this
may often give important information. Pleiocytosis3 is common, some
workers putting its occurrence at more than 509, of cases*. We ourselves do
not, however, think it so frequent. The number of cells does not usually
exceed 25 to 30 per mm3, though much higher figures have been reported.
The cells are usually mononuclear leukocytess, lymphocytes or plasmacytes.
However, morphological appearance of the cells in a counting chamber is not
adequate for their assessment. For significant results, a proper cytological
examination of the cells should be carried out. In general it gives informative
results, not only in cases of tumour, but also where there are inflammatory
lesions, and it is amongst this last group that MS is to be classified. Cyto-
logical examination, in our opinion, is too neglected in Western Europe and
North America. This morphological study shows the presence of leukocytes
and plasmacytes in CSF of patients suffering from MS and it immediately
poses the question of the part such cells, which may be immunoactive, play
in the immunological manifestations of the disease. This will be discussed
later.

Chemical examinations

In the abundant literature that we have been able to gather, dealing with CSF
of patients suffering from MS, numerous and varied chemical examinations$
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have been suggested. Some have been catried out (for example, colloidal
precipitation) with techniques which today are no longer accepted.

We must mention that, in spite of some abnormal values, such as for the
ionic concentration of sodium, potassium, chloride, and phosphate?-8 on the
one hand, and the amino acid concentrations? on the other, no constant or
characteristic anomaly has been found. The techniques used are often open to
criticism: it has been said, for example, that the level of glutamine is decreased
in CSF® and this is after paper chromatography.

Notwithstanding the many papers dealing with the level of trace metals,
in particular copper!!, and iron?, we are convinced that clear and consistent
anomalies of copper and iron levels do not occur. We underline this point,
because a relationship is sometimes thought to exist between copper metabo-
lism and some demyelinating diseases. This assumption rests on observations
made on swayback lambs. We would emphasize, however, that swayback
can, neither clinically, nor morphologically, nor immunologically, be
compared to MS*2,

Some authors have paid particular attention to more complex factors in
spinal fluid, such as blood coagulation factors!314 and enzymes®15. A few
results have suggested anomalies associated with the disease, but these have
not been confirmed nor has the increased level of real cholinesterase8-11. We
must admit that, up till now, these researches, which may ultimately turn
out to be of interest, have led nowhere. The same applied to hexoses or the
substrates involved in the metabolism of hexoses, such as pyruvate, keto-
glutarate, or citrate’. Here again, relatively large series have been examined
but no significant conclusions can be drawn. Even the mesoinositol'? con-
centration does not supply any information.

Above all, since MS is considered a ‘demyelinating disease’ the intensive
study of lipids was indicated. It may not be one of the least important
paradoxes in the biochemical study of MS that the study of CSF lipids'® has
been unrewarding and, although we do not discuss it here, this probably
also applies to the central nervous system. In the central nervous system, apart
from some results concerning fatty acids'®, more or less long-chained and
unsaturated, not much has emerged and the same is true for the CSF.
Increases in sphingomyelin?®, cerebrosides, cholesterol esters and choles-
terol?2:23, mainly of cholesterol esters, and hexosamine?#25 have been ob-
served. We are willing to accept the existence of such anomalies, although
they do not seem specific. They are probably a consequence of a non-specific
secondary demyelinating process. In our opinion the lipid anomalies,
observed in MS, are secondary ones, not only in the central nervous system
but also in CSF. However we have to make some reservations. We men-
tioned previously the fatty acid anomalies and the decrease of relatively
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unsaturated fatty acids in the central nervous system. These are comparable
to the anomalies found in the serum?. We think that to date these results
have not yet been confirmed in CSE.

In fact, in the biochemical field, the most interesting study in MS CSF is
that of the proteins. The changes observed are not only quantitative but sig-
nificantly qualitative too. Apart from a few instances, the total protein level
in the fluid of patients suffering from MS is normal. Numerous authors 3-27
including ourselves have seen examples in which the total protein level is
increased to a considerable extent. Although we have not seen an increase as
great as that recorded by Dowzenko et al.28, levels up to 100 mg 9 are found,
and are commonly between 40 and s0 mg%. We do not believe, as some
authors claim, that those levels exist in 509 of MS spinal fluids and we main-
tain that in 809/ the total protein level is not above 40 and is usually lower,
closer to 20 mg %.

Qualitative modifications have been observed in early phases of the discase.
These qualitative modifications have been demonstrated by techniques of
which the physicochemical characteristics are not fully understood—
colloidal precipitations, for example. Though many of these techniques
have been, and are still, in use, we shall not discuss them here for two
reasons:

(1) These techniques are never very rigorously adhered to and the methods
indeed often differ from one laboratory to another so that results cannot
easily be compared.

(2) All such techniques must be replaced by electrophoresis, which has
rightly supplanted them since it permits more precise standardization and
interpretation.

Right from the outset electrophoretic studies of CSF proteins in MS revealed
anomalies, such as an increase of y-globulins?9. This increase was first ob-
served through free electrophoresis, by the method of Tiselius, and later
shown by paper electrophoresis3®=3. At once this increase posed the im-
portant question as to whether the increase in y-globulins in MS was similar
to that observed in a great number of other diseases, such as meningeal and
inflammatory diseases, syphilis, cerebral trypanosomiasis or diseases with
modification of haematoencephalic barrier (such as Guillain-Barré’s syn-
drome); or yet diseases producing compression, for example, due to cerebral
or medullary tumours. In addition, anomalies observable in myeloma patients
also lead to y-globulin increases. Analysis of the phenomenon of y-globulin
increase becomes essential. We did try, like many others, to analyse these
proteins and classify them according to their composition, as lipoproteins3t
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and glucoproteinss. Lipidograms and glucidograms of CSF from patients
affected with MS showed that the y-globulins in this disease appeared richer
in glucoproteins than were normal y-globulins.

Figure 7.1 Agar gel electrophoresis of CSF proteins in a case of multiple sclerosis. The
-globulins are increased and fractionated

An important advance was made, when we were able to show that the
y-globulins in MS do not show up in agar gel electrophoresis as do the
y-globulins in other illnesses; that the main characteristic of these globulins
was not only their increase (which one does not always find), but a qualitative
modification in the sense that the y-globulins appear as separate frac-
tions?9-3+:35, These fractions are only separated after agar gel, agarose gel® or
cellulose acetate electrophoresis. By analogy with myeloma protein one refers
to them as M-components. These fractions are also considered as oligoclonal,
which would imply that they are formed as the myeloma paraprotein, by one
cell clone. The more precise term, which has no physiopathological implica-
tion, is y-globulins with restricted heterogeneity??. Normally the y-globulins
in CSF spread over a region being made up of numerous different immuno-
globulins and are thus heterogeneous. In MS a number of homogeneous
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y-globulins appear in this region which are typical of the disease and the
heterogeneity of the entire y-globulin fraction is thus restricted. This has,
since then, been confirmed by many authors and can be accepted as a fact
admitted by all38.

Tourtelotte’s column fractionation? of the CSF y-globulins in MS yields
some fractions which appear more characteristic of MS than others. This
corroborates our own observation. In our opinion the most important bio-
chemical fact to confirm a clinical diagnosis of MS is this fractionation of the y-
globulins, the formation of M-components among the y-globulins, these y-globulins
being of restricted heterogeneity, oligoclonal or sometimes monoclonal y-globulins.
The significance of this we shall discuss below.

It is this modification in the y-globulin region of the CSF pherogram
which enables us to confirm the diagnosis of MS. We must add that these
modifications are not absolutely confined to this disease, but where the
spinal fluid has a normal total protein and this y-globulin fractionation
appears, one must very much bear in mind the diagnosis of MS especially if
the clinical examination is suggestive. Gilland confirms this hypothesis in a
very thorough studyss.

Whilst several other methods may produce suggestive results, they are
usually inadequate. Agarose gel*® or cellulose acetate electrophoresis, al-
though generally technically inferior to agar gel electrophoresis, give the
same results.

Electrophoresis on paper, starch, or acrylamide629, does not show up
clearly the y-globulin fractionation. Other methods of y~globulin estima-
tion, for example zinc sulphate# precipitation, or IgG determinations#2—44,
by electroimmunodiffusion* or any other method of immunoglobulin esti-
mation, do not show the y-globulin fractionation. Radial immunodiffusion
and several other techniques used for quantitative assessment of IgG all fail to
reveal the restricted heterogeneity of the y-globulins. We shall refer to it
again later.

The ~y-globulin fractionation implies an important and significant qualitative
and quantitative modification of the CSF immunoglobulins. Several methods have
been used to establish the chemical composition of these y-globulins. The
first method used was immunoelectrophoresis#, which in fact showed some
morphological anomalies in the precipitation lines but little more. On the
other hand methods of quantitation of immunoglobulins**47 have un-
doubtedly added to our knowledge of these y-globulins and proved that the
increase is essentially by IgG (Immunoglobulin G). This leads us to the
conclusion that in MS, the level of CSF IgG is increased and also, but to a lesser
degree IgA (Immunoglobulin A), but not IgM (Immunoglobulin M). In addition
the IgGs are shown to be of restricted heterogeneity.
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Whilst we may set aside most methods, apart from agar gel, agarose gel
or cellulose acetate electrophoresis, we must refer to two recent technical
advances.

(1) Agar gel, agarose gel and cellulose acetate electrophoresis call for con-
centration of the spinal fluid, which can itself introduce errors or artifacts.
In attempting to avoid this, Kerenyi and Gallegas*® have suggested staining
the pherograms by a silver method, based on histological methods. We
studied this method with Kerenyi and Verheecken#® and believe that it is not
yet available for routine work. However the method will probably enable
examination of non-concentrated CSF, as soon as the technique has been
further developed and perfected.

(2) Delmotteso, on the other hand, has studied the CSF proteins by thin
layer isoelectric focusing in acrylamide gel. He was able to show that the
y-globulin fractionation could be achieved by a different method from elec-
trophoresis in agar gel, agarose gel or cellulose acetate. The fractionation
obtained by Delmotte is much more efficient than that achieved so far. This
method, therefore, would appear to have possibilities for expansion.

To indicate the fractionation of the IgGs is a very important fact, but the
aim should be to identify the different bands which can thus be separated.
The qualitative study of the y-globulin fractions is most important.

This qualitative study has already been started in various laboratories in
two different ways. Some authors have tried to define the CSF y-globulin
activity as antibodies. The search for nervous tissue antibodiess!, or auto-
antibodies has failed. On the other hand, by analogy with the findings in
other diseases, such as subacute sclerosing panencephalitis (SSPE), and non-
neurological diseases, measles antibodies have been soughtsz—ss. All authors
agree that there is definitely an increase of measles antibodies in the serum and
in CSF of patients affected with MS. They also agree that this activity is less
constant and quantitatively much less important than in SSPE. Nevertheless
one should bear in mind that some at least of the antibodies found in CSF of
patients suffering from MS are measles antibodies.

Attempts have also been made to obtain more data on CSF antibodies by
studying their structure. Whilst some studies failed to elicit anything specific
to MS36, Link#0 was able to demonstrate a modification of the x/A ratio and
a predominance of « chains. On the other hand Ishiwata et al.57 found (by
immunodiffusion) a double ring formation for the x chains. This double
ring formation is certainly not specific for MS. Ishiwata himself points out
that it is also present in SSPE spinal fluid.

We checked these results. In our studiess8 this ring was not observed for
the A chains. Free x and y chains were present besides those bound in IgG
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Figure 7.2 Double ring formation after immunodiffusion with rabbit serum antihuman
chains against SSPE CSF proteins

molecules so that the problem appears very complex. The double ring forma-
tion apparently indicates only the presence of oligoclonal y-globulins.
Predominance of « chains has been found in CSF and serum of MS patients.
This predominance of « chains might be specific since it does not appear in
SSPE.

We tend to have here the first indications of a qualitative modification, or
more precisely, of a specific characteristic of the MS IgG molecule.

A problem we have not yet tackled is the relation between the quantitative
and qualitative modifications of IgG and the clinical condition of the patient
though several authors#7:59:60 have dealt with this subject. It seems certain
that at the onset of the disease, especially if it starts with an optic neuritis#s-61,
there is no qualitative or quantitative modification of the immunoglobulins,
these only appearing after several months, and becoming more pronounced
after years. Do they progress much during the course of the disease? Are they
more pronounced at some stage of the disease? That is difficult to assess. In
the cases we examined, we have often been surprised to note, in periods of
remission with relatively few neurological clinical symptoms, high levels of
CSF oligoclonal y-globulins. However we can state that in optic neuritis,
modifications of CSF immunoglobulins are uncommon. It is difficult to draw
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a definite conclusion. Perhaps research based on newer and more precise
biochemical methods may yield more rewarding results.

Certain authors have also analysed other substances occurring in the im-
munological reactions, among them the complements162:63, but no firm
conclusion has resulted.

Discussion

Whilst we have outlined many aspects of the CSF problem in MS and the
biochemical phenomena mentioned related to them as well as the morpho-
logical aspects of pleicytosis, we shall, however, focus our attention on one
particular problem only, as those concerned with spinal fluid in MS do
generally. This is the problem of proteins, and various questions may be
considered:

(1) Is the study of the CSF proteins of diagnostic and therapeutic value?

(2) Are the modifications of the CSF proteins related to the permeability of
the haematoencephalic barrier?

(3) What is this immune reaction seen in CSF?

(4) Can one find similar immune reactions in other diseases, such as ex-
perimental allergic encephalomyelitis or slow viral diseases?

(5) What is the relationship between the immune reaction observed and
the cell reaction described?

Of what value is the study of CSF proteins?

For diagnosis, let us repeat that the IgG anomalies are found in approximately
75% of all cases, from the time the clinical diagnosis is made. This percentage
increase and approaches 1009, in advanced stages of the disease. Whilst
exact figures vary, we think that approximately three out of four cases show
clearly IgG anomalies. We will repeat that, for the timebeing, until the intro-
duction of Kerenyi’s silver staining method is routine or Delmotte’s iso-
electrofocusingavailable, electrophoresis in agar gel, agarose gel or in cellulose
acetate remains the best method for CSF protein examination.

Do these examinations help prognosis and therapy control? This is not
proven. During treatment with ACTH, a reduction of these IgG levels has
been observed, but this does not warrant any conclusion as to the efficacy of

the therapy.

Modifications of the CSF proteins

The appearance of these IgG in CSF has been explained by a permeability
change of the haematoencephalic barrier. Authors, such as Tourtelotte6
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and Roboz-Einstein et al.65, have in fact shown that modifications of the
haematoencephalic barrier exist in patients suffering from MS, so that the
CSF IgGs might be derived from blood and possibly originate in other
haematopoietic structures. We agree that a modification of the haemato-
encephalic barrier could exist and the problem is to ascertain where the CSF
IgG originates in the central nervous system or in other organs. This will
now be discussed.

The immune reaction in CSF

Indeed the question is: what is the significance of the putative immune reac-
tion observed in CSF, and where does the IgG originate? Many authors
claim that it originates in the central nervous system since IgG of this charac-
ter is not found in the serum. Frick and Schneid-Seidelé6 and Cutler et al.%
have shown that, in cases of MS and SSPE, some of the IgG is synthetized in
the central nervous system. In the nervous tissue hydrosoluble extracts of MS
we were the first20 to show, as Tourtelotte did later68, increases of IgG and
that these IgG have an oligoclonal distribution as in CSF.

We do not, however, consider this as conclusive evidence that these IgGs
are synthesized in the central nervous system. Indeed one would have to
define the central nervous system; can we accept that these IgG are syn-
thetized in the neurones, in the glial cells or in the perivascular spaces?
Indeed the IgG can pass from these various cells into CSF, but one cannot yet
accept the very attractive hypothesis that cells of neuroectodermal or even
meningeal origin are responsible for IgG synthesis. Simply because a substance
is found in a relatively higher concentration in CSF than in blood or any
other biological media, it does not necessarily follow that it is a synthetized in
the central nervous system.

Another hypothesis has been suggested: that these proteins are synthetized
by cells in the spinal fluid. Thus, in one case of MS, which had an unusually
large number of cells in the CSF, Cohen and Bannister$® succeeded in cul-
turing them and showed that they were able to produce IgG and to a lesser
degree IgA. Tourtelotte’® made precise, if somewhat complicated, calcula-
tions to prove that such cells could not produce all the IgG found in
CSE.

At present, one cannot be sure of the origin of these IgGs. Some may
originate from the peripheral blood, but need not be specific to the disease,
some may be synthetized in one or other group of cells in the central nervous
system as we have already mentioned, whilst yet others may be synthetized
by cells of the CSF. For the time being we must admit these three alternatives
to explain the presence of IgG in CSE.
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Another question of paramount importance is the nature of these IgGs and
their role as antibody.

Their antibody activity implies that their production is triggered by the
stimulation of an antigen. Is it a single antigen or are these IgG directed
against several antigens? If only one is involved, is it an exogenous factor?
May it be a virus or other agent causing the disease, or on the contrary is it
an endogenous protein and more specifically one derived from the central
nervous system itself ? Whilst antibody activity directed against an exogenous
antigen has been observed, and authors like ter Meulen ef al.7* have isolated a
virus from the central nervous system of patients suffering from MS, it has
not been proved that those antibodies combine with one of the central ner-
vous system proteins or one of the body proteins to produce an autoimmune
reaction. It is evident that CSF, from patients suffering from MS, can bring
about demyelinization of nerve fibres in tissue culture. This still does not
mean an immune reaction with the myelin proteins.

Some authors have tried to combine both hypotheses, accepting that the
CSF IgGs are antibodies, against an exogenous factor such as a virus, and
against a nervous tissue protein. This attractive hypothesis has to be con-
firmed. So far, the evidence put forward by Schuller ef al.72 is only indirect,
and should be distinguished from facts. The oligoclonal reaction in CSF is
very similar to the one observed in the serum of hyperimmunized animals37.
We consider the oligoclonal reaction in MS as a hyperimmunization pheno-
menon, which can only be explained by the fact that the organism remains
subjected to the action of one or more antigens during the whole illness. The
antigen could thus perhaps be a persistent agent. So why is there an oligo-
clonal reaction, which is also observed in experimental animals? We still
do not know. We have been able to prove that the oligoclonal phenomena in
SSPE serum consists of homogenous IgG37, but this has still to be established
for CSF. The difficulty of establishing such proof is chiefly technical owing to
insufficient quantities of protein being available. The hypothesis that we deal
with a similar phenomenon as in experimental hyperimmunization is not
conducive to the action of several antigens. In animals the repeated adminis-
tration of one antigen produces the fractionated serum y-globulin with two
main and as many as five secondary fractions similar to the ones seen in CSF
of MS patients, so that the fractionation of the CSF IgGs in MS might also
result from a single antigen.

The relation of immunological reaction in MS to those in other diseases

This naturally brings us to the fourth point: the relation of this immuno-
logical reaction to that observed in other neurological diseases, for clearly
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this must help to classify MS. The problem has been discussed elsewhere at
length73. The oligoclonal reaction observed in CSF of patients affected with
MS is not seen in the serum but is comparable to the oligoclonal reaction seen
in the serum of viral diseases with slow evolution, such as sheep visna74,
SSPE distemper in the dog or mink Aleutian disease?3, although the elevation
of total protein and y-globulin in spinal fluid of monkeys during the acute
phases of EAE has long been known7?s. However, so far as we know the
oligoclonal reaction is not observed in experimental allergic encephalo-
myelitis, although more study is needed especially of CSF proteins by electro-
phoresis in agar gel, agarose gel or cellulose acetate. The relatively few studies

Figure 7.3 CSF proteins left and agar gel electrophoresis right in the case of subacute
sclerosing panencephalitis (SSPE). The y-globulins are clearly fractioned

published donot indicate an oligoclonal reaction. It may be notedthat diseases
considered to be ‘slow’ viral infections, such as kuru, and Creutzfeldt-Jakob
in man, scrapie or rida in sheep?s do not show any immunological reaction
and certainly not the oligoclonal CSF immunoglobulins observed in MS.
The oligoclonal reaction observed in MS CSF s the real basis for considering
MS as belonging to the group of slow viral diseases, with persistent antigen.
Nevertheless, the antigen has not been identified and anomalies are not
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Figure 7.4 Agar gel electrophoresis of serum proteins in a case of mink Aleutian disease.
The ‘y-globulins are clearly fractionated

present in serum. They are, however, seen in hydrosoluble extracts of the
central nervous system.

The relationship between immune reaction and cell reaction in CSF

This has already been discussed; CSF cells could play a part in the production
of IgG in CSF though quantitatively they cannot account for it all. The
presence of these and their morphology prove that MS is an inflammatory
disease.

MS must definitely not be classified as a degenerative disease. Nor can it
be considered as an entirely autoimmunological phenomenon, such as the
Guillain-Barré syndrome or experimental allergic encephalomyelitis#2. The
evidence suggests that it is probably a slow viral disease with an immune
reaction similar to that seen in experimental hyperimmunization.

Conclusions

From a survey of the study of the CSF of patients affected with MS we may
draw two clear and positive conclusions:
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(1) In the CSF of patients suffering from MS there are cell modifications
and primarily an increase of white cells, lymphocytes and even more often
plasmacytes.

(2) There are biochemical changes in the CSF and especially an increase of
the IgG concentration. This IgG appears as antibodies with restricted hetero-
geneity. There is a larger proportion of IgG molecules with bound « chains
than with X chains but this does not seem specific for MS. Free « chains are
also detected in CSF. A similar oligoclonal reaction is seen in slow viral
diseases, such as sheep visna, distemper in the dog, SSPE, etc. and this leads
us to believe that patients suffering from MS are undergoing exposure to
at least one antigenic agent, which persists during the entire course of the
disease. We should bear in mind that at the onset of the disease, the triggering
factor may initially be an exogenous antigen which may last many years, to
be superseded later by another endogenous antigenic agent, though this still
has to be proved. Immunochemical identification of IgG in CSF might
confirm this. Apart from the physiopathological interest the modifications
of the IgG have a real diagnostic value, which we have mentioned and em-
phasized many times.

We cannot draw any positive conclusion from any other analyses made on
CSF. However they indicate that lipid anomalies and amino acid changes as
well as abnormal metal concentrations and enzyme level variations may
occur. More precise research methods are needed for such further studies.
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Lipids and multiple sclerosis

A. D. Smith and R. H. S. Thompson

Introduction

The outstanding problem in multiple sclerosis remains the actiology and
pathogenesis of the disease, and theories which have been advanced concern-
ing its origin embrace viral, immunological, nutritional and metabolic con-
siderations, alone or in various combinations. The paramount role of lipids
lies in their contribution to the functions of cell membranes of all kinds.
Whichever of the above theories one favours, it is more than likely that
cellular membranes will enter into the argument at some stage. For example,
the lymphocyte plasma membrane will be involved in immune processes;
viruses of the paramyxovirus group, thought possibly to be of the type
which could play a part in the disease, utilize the host plasma membrane
during one stage of their replication, and nutritional or metabolic approaches
often advance the suggestion that there may be some degree of abnormal
instability in the myelin sheath, or in the oligodendroglial membrane from
which it is derived.

Thus it can be seen that scope exists for the involvement of membrane
lipids in any of the major hypotheses concerning the actiopathogenesis of the
disease. Evidence for such involvement is, however, as yet fragmentary. This
may be due partly to inability in the past to investigate lipids at an adequate
level of detail. It could also be due to our former lack of awareness of the
importance to membrane function of different types of lipid, and of their
arrangements within the membrane, not to mention the lack of techniques
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with which to investigate these matters. This is now being rectified by
the rapid and far-reaching advances which have recently been made in
factual knowledge, technical capacity and theoretical concepts in the mem-
brane field. These basic achievements are now ripe for application to prob-
lems of lipid pathology.

The possible impact of these innovations on multiple sclerosis research is
an exciting prospect, and we therefore propose to outline very briefly some
of the more salient features of the area (referring the reader to reviews for
more detailed study) before proceeding to describe known lipid abnor-
malities in this disease. We believe that by introducing these concepts at the
outset, we may enable existing findings, which tend to emphasize the state
of lipids in isolation from their natural environment, to be set in their proper
context, and may stimulate thought concerning future investigations.

Biological membranes

Much diverse evidence was resolved by Singer and Nicolson! in their fluid
mosaic model of membrane structure, the success of which has been ensured
by its usefulness in the interpretation of a wide range of membrane experi-
ments. Recent reviews which discuss these ideas in greater detail are those of
Lee? and of Marshs.

The essential features of this now familiar model, illustrated in Figure 8.1,

C

Figure 8.1 Diagrammatic representation of a bilayer membrane. Open circles represent
the polar head groups of phospholipids with their fatty acids oriented towards the in-
terior of the bilayer. Closed circles represent cholesterol. Protein marked ‘a’ penetrates
the whole span of the bilayer; protein marked ‘b’ less deeply embedded.
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are that the membrane consists of a two-dimensional sheet of lipid, within
which are suspended a variety of membrane proteins. The lipid is mainly
phospholipid, arranged as a bilayer, with the fatty acid chains oriented
towards the interior and the polar head groups facing out from the membrane
interior. Proteins may penetrate the entire depth of the bilayer or be more
loosely attached at one of the surfaces. The proteins are free to diffuse laterally
at quite rapid ratest. Many membrane-bound enzymes are inactivated when
freed of lipid, and reactivated when lipid is added back, and it is thought that
the properties of the bilayer lipid can influence the function of membrane
proteins.

The study of these proteins, which encompass not only all those enzymes
known to be membrane-bound, including transport enzymes, but antigens
and other non-enzymic proteins also, is less advanced than is the study of the
lipid bilayer, although it must be stressed that these latter studies have for the
most part been carried out with more simple mixtures of lipid than are
found in the cell.

In considering the influence of the bilayer lipids on membrane protein
function a property of the bilayer known as fluidity is of special interest. This
concept derives from studies using physical methods and is covered by the
reviews cited above. Essentially, there is a temperature, known as the transi-
tion temperature and characteristic for each phospholipid or mixture, above
which the lipid exhibits markedly different physical properties from those
that are found below that temperature. These changes in physical properties
are interpreted as being due to a change from a relatively rigid gel-like
structure in the phospholipid array, to a more mobile or fluid state, resulting,
it is suggested, from a greater degree of mobility in the fatty acid chains. In
particular, the microviscosity decreases, facilitating lateral movement within
the bilayer not only of the lipids but also of any proteins associated with
them. Changes in fluidity affect the kinetic properties of a number of mem-
brane enzymes®.

The importance of the fatty acids in influencing fluidity is shown by the
fact that if a phospholipid contains saturated acids its transition temperature
is higher than that of a corresponding phospholipid containing unsaturated
fatty acids. The transition temperatures of mixtures of lipids extracted from
cell membranes are usually less sharp than those of pure lipids and usually
span the physiological temperature of 37 °C. In this region, therefore, it is
possible that the phospholipids, in whole or in part, may be in an intermediate
phasc between the two physical states which exist on either side of the transi-
tion. It may be, therefore, that comparatively small changes in the degree of
unsaturation of the acids in a biological membrane could exert Jocal effects
within the membrane bilayer which could considerably alter a specific
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function of the membranes by, say, affecting the function of a membrane
protein,

Polyunsaturated fatty acids

Apart from oleic and palmitoleic acids, the unsaturated acids in biological
membranes are of the polyunsaturated series deriving from either linoleic
acid (the n6 group) or linolenic acid (the n3 group) as shown in the footnote
below*. The work on lipid bilayers is throwing new light on the function
of these groups of acids. In the past, however, a great deal of work has been
carried out on their metabolism in the investigation of essential fatty acid
deficiency®.

Interest in these acids in multiple sclerosis research was aroused by the early
suggestions by Swank?, Sinclair8 and Allison? that a relative dietary de-
ficiency of these acids could contribute to the onset of multiple sclerosis.

The essential fatty acids (EFA) are generally defined as those which support
the growth of animals maintained on an otherwise fat-free diet, and for
practical purposes may be listed as linoleate, arachidonate, and to some extent
linolenate. These acids have double bonds all of which are in the cis configu-
ration and separated by one methylenc (~-CH,-) group. It is important to
distinguish the difference between these acids, and those included under the

*CH,CH,CH,CH,CH,CH=CHCH,CH=CHCH,CH,CH,CH,CH,CH,CH,COOH
Linoleate

CH,CH,CH=CHCH,CH=CHCH,CH=CHCH,CH,CH,CH,CH,CH,CH,COOH
Linolenate

Acids are often designated by a convention which gives first (before a colon) the total
number of carbons and then (after the colon) the number of double bonds; thus 18:2=
linoleate, 18:3=linolenate. The position of the double bonds can be indicated by num-
bering either from the carboxy carbon, in which case the prefix A is used (thus linoleate
would be Ag,12) or from the methyl carbon, in which case the prefix # is used (in older
literature w is used instead of #). Linoleate would thus be 16,9. The n system of number-
ing has the advantage of emphasizing the metabolic origin of the acids as indicated below,
and is the accepted [IUPAC-IUB system. Biochem. J., 105, 897 (1967).

The 16 group
Linoleate (18:2) metabolically converted to arachidonate (20:4):
A g, 12 A s, 8,11, 14
n 6,9 n 6,9,12, 15

The n3 group
Linolenate (18:3) metabolically converted to docosahexaenoate (22:6):

A 9,12, 15§ A 4,7, 10, 13, 16, 19
n 3,6,9 n 3,6,9, 12,15, 18
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more general term polyunsaturated fatty acid, which embraces a number of
other long-chain fatty acids with several double bonds, which do not fulfil the
requirements for definition as essential fatty acids, especially when the double
bonds are in the trans configuration. Polyunsaturated fatty acids of the more
general type are found widely distributed in plant and marine materials, and
sometimes but not always they may have similar biochemical properties to
the essential fatty acids. Thus, in discussing the aetiology of multiple sclerosis,
in which for example comment is often made of the relative immunity of
fish-eating populations, it should be borne in mind that fish oils contain
little linoleate, arachidonate or linolenate, but do contain appreciable quan-
tities of other longer-chain acids, mainly of the linolenate series, which can be
regarded for some purposes as being in the class of essential fatty acids.

EFA deficiency

If animals are maintained for a sufficiently long period on a fat-free diet the
essential fatty acid deficiency syndrome occurs. It is important to emphasize
the difference between this extreme condition, in which essential fatty acid
concentrations in the tissues are at the very lowest levels, and other con-
ditions in which the levels of essential fatty acids are varied within what might
be considered a normal range. Often, in experimental situations, the extreme
condition of EFA deficiency is used to reveal abnormalities arising from the
lack of essential fatty acids. EFA deficiency, however, is a pathological con-
dition, in which the animal is responding to severe stress, and results obtained
with such animals need to be interpreted accordingly. The extreme con-
dition is seldom found in humans, although the appearance of s,8,11-
eicosatrienoic acid (a sign that deficiency of essential fatty acids is reaching
severe levels) is known!?; it has never been reported, however, in MS patients.

With these reservations, work with EFA-deficient animals may neverthe-
less yield results which can subsequently be tested in less extreme conditions,
and may point to abnormalities which might otherwise remain undetected,
for example, in MS patients. As indicated in the previous section, it has
recently been realized that variation of essential fatty acid levels within more
normal ranges may have considerable effects on membrane enzymess, and
this is the type of effect which may be operative in multiple sclerosis.

Lipids and the CNS

Among the hypotheses that lipids may be concerned in the aetiology of
MS are those which involve the concept that the myelin sheath may be
chemically altered during development, principally due to a relative de-
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ficiency of unsaturated acids in the diet; others suggest that the fatty acid
changes observed in the diseased brains reflect some difference in enzymic
behaviour leading to altered myelin either during initial synthesis or normal
maintenance. The enzymology of myelination has recently been re-
viewed!!: 12 (see also Chapter 6). Whether a myelin sheath which has suffered
damage can be repaired in the CNS has been unclear in the past, but recent
evidence suggests that under some circumstances it is possible’s.

The limitations to our understanding of the enzymic machinery respon-
sible for these functions ensures that any hypothesis in this area concerning
MS is outlined in somewhat vague terms. Evidence has however been
accumulating over the past 10 to 15 years from a number of different labora~
tories that patients with MS may show abnormalities in the relative amounts
of fatty acids present in the brain.

The starting point of this work dates back to the 1950s when the view was
put forward that the high prevalence of MS in certain parts of the world
might be related to the consumption of relatively large quantities of animal
fats, i.e. fats containing predominantly the saturated and monounsaturated
fatty acids?. This view was based initially on some admittedly limited studies
carried out on the geographical distribution of MS in Norway, but since that
time, further epidemiological observations9-14 have supported the view that
there may be an association between high consumption of animal fatand MS.

In 1956 Sinclair pointed out8 that in addition to containing an excess of
animal fat these diets would be expected to be relatively deficient in the poly-
unsaturated fatty acids, and suggested that this latter deficiency may be the
important factor.

It is known from animal studies that it is possible to alter the fatty acid
composition of the brain lipids by varying the levels of the polyunsaturated
fatty acids in the diet!s-16, and with this background in mind a number of
groups of workers have studied the fatty acid pattern of lipid fractions
obtained from areas of white matter, which appeared normal on visual
inspection, dissected from multiple sclerosis brains. The results obtained by
these different workers have not been entirely consistent, but in a number of
cases it has been reported that the amounts of various mono- or poly-
unsaturated fatty acids are low in the fractions isolated from the MS brains,
as compared with comparable fractions derived from normal brain tissue.
Unfortunately in most cases the numbers of brains that have been examined
are small so that caution is needed in interpreting the findings. Thus, in 1961,
Gerstl ef al.'7 reported a lowering in the proportion of trienes extracted from
apparently normal white matter in two MS brains. Baker ef.al.18 comparing
nine MS brains with six controls, found a reduction in the proportions of
palmitoleic (16:1), oleic (18:1) and arachidonic (20:4) acids in the lecithin
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fraction of white matter. Cumings et al.19, also using the lecithin fraction
(four control brains, five MS), confirmed the finding of low levels of 18:1,
while Clausen and Hansen29, in a study of the lecithin fraction derived from
myelin preparations obtained from 12 control and 17 MS brains, also found
asubstantial lowering of 20:4. Gerstl et al.21 reported that the absolute amount
of total polyunsaturated acids was decreased in white matter obtained from
seven different areas in MS brains.

On the other hand, Arnetoli et al.22 found no difference in the lecithin
fraction (four controls, five MS), although they described a substantial lower-
ing of both 18:1 and 20:1 in the ethanolamine phospholipid fraction. Gerstl
et al. 23 also reported low levels of 18:1 and 20:1 in the ethanolamine phospho-
lipids, and Clausen and Hansen?® described a reduction of 18:1 in this fraction.
Alling et al.24, in a study of six MS brains and 24 controls, concluded that ‘the
fatty acid patterns of the MS brains were strikingly similar to those of normal
brains. Nevertheless, the concentrations of some of the fatty acids charac-
teristic of the white matter were slightly lower in the MS brains.’

The changes in brain composition that have been found are only slight, but
this does not necessarily mean that they may not be of importance, since it
is known from other fields of work that very small and limited changes in
chemical composition may have strikingly important effects; when we turn
to the field of protein biochemistry, for example, we know that the substitu-
tion of even a single amino acid by another may be of clinical significance,
and the substitution of one fatty acid for another in cell membranes might
also have significant effects. It remains to be determined whether, in the
bilayer phospholipids, there may not be some fatty acid replacements which
are forbidden, and which thus exert an effect disproportionately large com-
pared with their quantitative importance.

One difficulty in the interpretation of work of this type with MS brain is,
however, that although the areas examined were apparently normal on
visual inspection it is always possible that they contained small or early
demyelinating lesions not yet visible to the naked eye, and that the findings
are merely reflecting early changes in the demyelinating process rather than
any pre-existing abnormality of the brain tissue in which the demyelinating
changes were subsequently developing.

Plasma and the blood cell fatty acids in MS

Because of these difficulties in work of this type with MS brain tissue, and
since the findings prompted the question as to whether these changes in
brain fatty acid composition might be associated with changes in the relative
amounts of saturated and unsaturated fatty acids reaching the brain, Baker
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et al.25 next turned their attention to the fatty acids which are present in the
plasma both in the esterified (as components of cholesteryl esters and phos-
pholipids) and non-esterified form. Blood specimens, obtained after an over-
night fast, were taken from 47 patients with MS and from 38 controls (both
healthy persons and patients with non-demyelinating neurological disorders).
Estimation of the various fatty acids derived from the total lipid extract
obtained from the serum showed that there was a small but highly significant
(P<o0-001) lowering of the percentage of linoleate (18:2) in the MS group
(see Table 8.1).

Further, when the patients were divided into groups according to the
clinical severity and activity of the disease (group 1 showing no evidence of
clinical deterioration over the preceding month, and groups 2, 3 and 4
showing increasing evidence of recent deterioration) it will be seen (Table
8.1) that the degree of reduction in the linoleate level appears to correlate
with the activity of the disease process. The levels of fatty acids in the blood
are of course influenced by dietary intake, but the general nutritional status
of all these patients was good, and there was no history in any case of vomit-
ing, difficulty in eating or of avoidance of food.

Subsequent studies on further series of patients both at Guy’s Hospital and
at the Courtauld Institute?6-3¢ have consistently confirmed this finding of a
small but significant fall in the percentage of linoleate in the total lipid extract,
and also the conclusion that the most marked falls are found in patients who
are showing active and rapid deterioration.

These findings have since been independently confirmed by Tichy et al.31,
Love et al.32, Crawford and Hassam33, Paty et al.3¢and Kalofoutis and Jullien3s.
On the other hand, a number of conflicting reports have also been published
in which no significant changes in the linoleate levels were found. In several
of these studies, however, the number of patients used was small, and as
minimal clinical details have been given as to the state or extent of the disease
it is hard to evaluate the results?9-36,

But in a study of 30 MS patients and 33 controls, Wolfgram et al.37
found no significant difference in linoleate levels, even when the patients
were subdivided on the basis of severity, duration of the disease or degree of
disability; they have concluded therefore that a disturbance of linoleate
metabolism is not invariably associated with this disease.

The discrepancies between these various findings in the levels of serum
linoleate suggest indeed that the changes that have been found may be con-
cerned more with determining the progression of the disease rather than with
its initiation.

One further point which may be highly relevant in this connection appears
to emerge from these blood fatty acid studies: Love et al.32, Paty et al.3+
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and Kalofoutis and Jullien3s have each found low levels of linoleate in patients
with certain other diseases of the nervous system.

As already mentioned, it has been suggested that the prevalence of MS in
certain parts of the world may be related to a dietary deficiency of unsaturated
fatty acids. In addition to purely dietary considerations it is important to
know whether there is any defect in the intestinal absorption of unsaturated
fatty acids in patients with MS. It is of course well known that diets rich in
linoleate normally cause an increase of linoleate in the serum lipids. In the
main these changes have been studied over relatively long-term intervals, but
Farquhar and Ahrens3® found an increase in 18:2 in the g-lipoproteins
within a few hours after a single dose of corn oil, an effect which has
since been studied in greater detail in rats39. Belin et al.29 have studied
the fatty acid pattern in the serum lipids in fasting blood samples
taken before, during and after supplementation of the normal diet with
sunflower seed oil (the supplements providing 28 g linoleate/day), but found
no evidence in the MS patients of deficient absorption, the rise in the 18:2
level in the serum lipids during the supplementation period being as great as
in the controls (Table 8.2).

The work referred to so far has described changes in the fatty acid composi-
tion of the total lipid extract, i.e. the sum of the esterified and non-esterified
fatty acid, but in recent studies in our laboratory3o-4¢, the levels of the
separated ‘free’ (non-esterified) fatty acids have also been measured; this has

Table 8.3 Per cent linoleate in serum total lipids, serum free fatty acids, and
lymphocytes, in humans

Controls MS P
Total lipids 350 & 1:0  (14) 28-8 + 077 (19) 0-001
Non-esterified fatty acids 1770 £ 11 (14) 12'1 £ o's0 (18) 0-001
Lymphocytes 106 4 0°64 (12) 83 + 033 (19) 0005

shown (Table 8.3) that the level of the unesterified linoleate is also sig-
nificantly reduced in MS patients, and also that supplementation of the
normal diet with sunflower seed oil causes a very substantial rise not only in
the esterified linoleate present in the plasma lipoproteins, but also in the free
linoleate. These findings may well be relevant to current observations on the
effect of 18:2 and other fatty acids on lymphocyte-antigen interactions,
referred to in a later section*+42, (See also Chapter 9.)
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Blood cells

There have been many reports that the blood platelets of patients with MS
are abnormally sticky, and it has been shown that in MS there is a highly
significant (P < 0.001) inverse correlation between platelet stickiness and the
serum cholesteryl linoleate level28. Changes have also been reported in the
red blood cells of patients with MS, both increased mean red cell diameter
and increased osmotic fragility having been described. A study of the fatty
acid composition of the phospholipids of platelets and erythrocytes from a
series of patients with MS has shown that the percentage of 18:2 is signifi-
cantly lower in the MS patients as compared with healthy controls#.

Table 8.4 Fatty acid composition of platelet and red
cell phospholipids

Platelet phospholipid ~ Red blood cell phospho-

Satty acids lipid fatty acids
Per cent total fatty acids* Per cent total fatty acids*
(£ SEM) (+SEM)

Control MS Control MS

Cases (no.) 14 20 II 10
16:0 19:2 18-8 261 269
+0-37 +0°31 +048 +0°36

18:0 24§ 244 22°3 21-8
037 031 027  *o028

18:1 210 21°4 20°I 21°4
o027 X027  £027  $0'32

18:2 63 49 14°0 110

+027 +o-12° +042 +o44

20:4 29°1 30°s 17°4 18-8
+0°62 4062 + 060 +0'44

* Only the five fatty acids listed were totalled. Controls
and patients were reasonably matched for age. No sex
differences were apparent but control and patient values
are composed of similar numbers of each sex.

Per cent platelet linoleate controls versus MS P<o0-001
Per cent red blood cell linoleate controls versus MS
P<o-001
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The linoleate levels in lymphocytes obtained from patients with MS have
also been found to be significantly below the normal level®, a good correla-
tion being shown between the linoleate level of the plasma non-esterified
fatty acids and that in the lymphocytes (Table 8.3 and Figure 8.2).

30

=
T

Serum free fatty acids

1 1 J

10 20 30
Lymphocyte total lipid

Figure 8.2 Per cent linoleate in serum-free fatty acids and in lymphocyte total lipids.
O=Controls; [J=controls on oil; ®=MS; M=MS on oil. Correlation co-
efficient=0-62.

It remains to be determined to what extent these various findings are the
result of the discase process, or whether they are playing a part in the pro-
gression of this chronic disease. They do seem to indicate however, that, as in
the brain, the bilayer characteristics of these other cell membranes may be
affected in MS. Again, the changes are small, and not such as would make
any noticeable difference to membrane fluidity. However, it has yet to be
determined whether small but specific deleterious changes, affecting a par-
ticular phospholipid species, may not have disproportionate effects on a
particular membrane activity.
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Lipids and the immune response

A more recent development in the connection between lipids and multiple
sclerosis has been the suggestion by Mertin et al.#1 that the apparently favour-
able results of the sunflower seed oil trial* (to which we shall refer again later)
might be due to an effect of the polyunsaturated acids on the immune
response. There had been earlier indications of an interaction between lipids
and the immune system in the work of Di Luzio*.

A long-standing hypothesis regarding the aetiology of MS has been that
some kind of autoimmune process is responsible for an attack by lymphocytes
on the CNS, and this has given rise to much work on the animal model,
experimental allergic encephalomyelitis (EAE). The demonstration in 1967
by Clausen and Megller* that the normally relatively resistant Wistar strain
of rat could be rendered susceptible to EAE by EFA deficiency, and recent
confirmation of this result in the Sprague-Dawley strain4’ have indicated
that an autoimmune process can be affected by the lipid status of the animal.

Mertin*® has argued that polyunsaturated fatty acids act in vivo to inhibit
the activity of cells of the immune system, and that when the levels of poly-
unsaturated acids are reduced, as in EFA-deficient animals, there is a greater
activity of the immune system*S. The work cited above, demonstrating a
greater susceptibility to EAE by EFA-deficient animals, might be adduced in
support of this hypothesis, particularly as Selivonchick and Johnston#? found
that, in their animals, injections of linoleic acid restored resistance to the
basic protein to a considerable extent. Furthermore, Mertin*® has shown that
in mice subcutaneous injections of polyunsaturated fatty acids prolong the
survival of skin allografts, and correspondingly that in animals fed an EFA-
deficient diet the skin grafts are rejected more rapidly than in animals fed a
normal diet*9. Not all workers, however, are in agreement with the view
that linoleate prolongs the survival of skin grafts and the results have been
summarized by Hughes et al.s°,

Mertin, et al.#' had earlier advanced a similar general hypothesis as a result
of in vitro experiments, which showed linoleic acid to inhibit the production
by lymphocytes of macrophage inhibitory factor. Mertin and Hughes*? also
showed that polyunsaturated acids inhibit the blast transformation of
lymphocytes, a result which was confirmed by Offner and Clausens” and by
Paty et al.3+. In these earlier experiments, the acids were added to the in-
cubation mixture dissolved in ethanol. Results in our laboratory have shown
that even when bound to albumin, the unsaturated acids inhibit blast
transformation, but that saturated acids also inhibits2. However we have
found that combinations of saturated and unsaturated acids inhibit very
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little, so before it can be said that these in vitro experiments support the
hypothesis that polyunsaturated acids have an immunoregulatory function
in vivo, further experiments are needed using in vitro conditions which more
closely approach the in vivo situation, in particular using mixtures of fatty
acids, bound to albumin, in ratios comparable with those found in vivo under
various dietary conditions. These experiments arouse a number of interesting
speculations concerning the influence of membrane fluidity on the lympho-
cyte response to mitogen.

The essential fatty acids act as precursors of prostaglandins, and the pos-
sibility exists that prostaglandin synthesis may be lowered in EFA deficiency,
thereby causing some of the effects of the condition. The possible relevance of
this situation to MS has recently been highlighted by a reports? that incorpo~
ration of [“C]acetate into prostaglandins in thrombocytes was markedly
lower in MS patients than in controls (See addendum to Chapter 9.)

Therapeutic trial

As a result of the suggestions of an association between lowered linoleate
intake, low blood levels of linoleate and multiple sclerosis, a double-blind
trial#4 was mounted at two centres, London and Belfast. In this trial the diet
of an experimental group of MS patients was supplemented with doses of a
sunflower seed oil emulsion, and the diet of a control group of MS patients
was supplemented with an olive oil emulsion. Each patient was studied over
a two-year period and his condition assessed at the start, during, and at the
end of the trial by an accepted scoring system. The outcome of this trial was
that, although comparison of the overall status showed no advantage to the
experimental group over this period, statistical analysis revealed that both the
duration and severity of relapses were less in the patients taking sunflower
seed oil. There would appear to be some incompatibility in these con-
clusions, in that one would expect that a decrease in the severity of relapses
would ameliorate the course of the disease, but it must be concluded that over
a period as short as two years, this would not emerge in the scoring system
used.

This trial is currently being repeated in London, Ontario4, and any assess-
ment of the value of treatment with sunflower seed oil must await the out-
come of this further trial.

Conclusion

This survey reveals that there is only suggestive evidence at the present time
in favour of any theory associating the onset and course of multiple sclerosis
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with abnormal lipid chemistry or metabolism. In fairness it can be said that
the same lack of hard evidence is apparent in the arguments advanced in
support of the viral, immunological or any other theory. Furthermore, the
circumstantial evidence in favour of lipid involvement has in recent years
increased rather than diminished. Again, the growing awareness of the im~
portance of the nature of the fatty acid chains in membrane phenomena,
manifested in the influence of fatty acids on membrane fluidity, has opened
up new avenues of investigation which remain to be exploited in multiple
sclerosis research.

Many questions still pose themselves. Could the small differences in
linoleate levels found by a number of groups have a significant effect on
membrane function? Can evidence be found that abnormal fatty acid re-
placements specific to individual phospholipids, although making little
change in overall fatty acid composition, might exert a major influence on
some membrane activity?

The answers to these questions might be provided by an examination of
the membrane phospholipids at a deeper level of detail, both in the MS
patient and in the lymphocyte membrane modified by incubation with
fatty acids. A more precise understanding of the role of individual phospho-
lipid species in the activities of various membrane proteins will help, and
more information is needed as to whether the phospholipid bilayer should be
regarded as a single entity, or whether localization, possibly induced by
proteins, may occur in given regions of the membrane. There are suggestions
of regional variation in the fluidity state in the recent concept of ‘lateral
phase separation’s. Evidence also exists of specific interactions between
membrane proteins and localized areas of lipid3:5+. The techniques used for
probing the physical properties of the membrane bilayer should be applied
to accessible membranes from multiple sclerosis patients to ensure that no
abnormalities at this level can be observed.

How do fatty acid replacements in membrane phospholipids affect im-
munological responses of lymphocytes? Why are EFA-deficient rats more
susceptible to EAE? Investigation of these phenomena could be of great
relevance to the problem of MS. The reservations which we expressed in the
introductory remarks must be borne in mind when considering the work
with EFA-deficient animals, and in whole animal experiments the wide
variety of systems which may be involved must be taken into account. For
example, deprivation of essential fatty acids might adversely affect the blood
brain barrier which may well be involved in EAE, and it is known that
injections of lipid cause large changes in the reticuloendothelial system.
Nevertheless, one is tempted again to revert to the concept of membrane
fluidity in speculating on these results. Indeed, current understanding of the
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role of unsaturated fatty acids would suggest that, apart from acting as
precursors of prostaglandins, the main function of the polyunsaturated acids
is concerned with fluidity phenomena.

The challenge for lipid research in MS will be to provide answers to these
questions, in one direction or the other. The indications are that this will be
an undertaking not lacking in intellectual stimulation.
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Laboratory tests for multiple sclerosis:

MEM-LAD and E-UFA tests; outlook
for the future

E. J. Field

In the 100 years which have gone by since Charcot clearly characterized MS
the only long-term treatment of the disease which has withstood a properly
controlled double blind trial and found to be of some value is that published
by Millar et al.! Not only may this work come to be regarded as a most
important milestone in the treatment of MS but also a point of departure for
a much deeper understanding of what goes on in the pathogenesis. It has,
incidentally, led to laboratory diagnostic test(s) for MS—the lack of which
was pointed out as a serious handicap in Chapter 1. At the same time, the
manner in which these researches unfolded throws interesting light on the
way in which new approaches develop and the limited usefulness of much of
what passes for research ‘planning’.

About 10 years ago, largely unremarked at the time, reports began to
appear?~8 that the composition of MS brain differed from normal in that
unsaturated fatty acids (UFA) were diminished. A decreased blood level of
linoleate was also reported to be present in MS9, though this has recently been
denied!o-11. More recently reduction in UFA has also been reported in blood
platelets2 and leukocytests. Attention had, of course, long been directed to
dietary fatty acids in MS™16 largely from a deficiency or saturated/unsatu-
rated imbalance point of view. Thompson®, however, suggested that the
deficiency might represent some inborn crror in handling of UFA and in
such subjects MS is prone to develop.

Intending, presumably, to effect a replacement therapy (though they do
not explicitly say so) Millar et al.* embarked upon the diet supplementation

245
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study referred to above, adding linoleic acid in the form of sunflower sced
oil. They found that ‘relapses tended to be less frequent and were significantly
less severe and of shorter duration in the linoleate supplemented group than
in those receiving the oleate (control) mixture, but clear evidence that
treatment affected the overall rate of clinical deterioration was not obtained’.
This very important conclusion, marking the first occasion in the 100 years
the disease has been known that any properly tested treatment has been found
to be of benefit, is clearly in urgent need of independent substantiation,
preferably in different countries. Moreover, the optimal dosage and condi-
tions of absorption of UFA might be laid down as a preliminary. Thus,
Shenton and Field!” have noted the improved absorption of UFA if saturated
fat has not been taken.

Apart fromthe stimulus which Millar et al.’s work has givento therapeutic
trials in MS, it has led indirectly to a laboratory test for the disease. The test
depends upon the observation that when lymphocytes are brought into
contact with antigen to which they are specifically sensitized a ‘lymphokine’
is produced with the property of causing normal guinea-pig macrophages to
travel more slowly in an electric field. Normal guinea-pig macrophages may
thus be used as an indicator system for antigen-lymphocyte interaction, just
as their active migratory capacity is used in the macrophage migration in-
hibition (MMI) test'8. In the latter, the lymphokine produced® is termed
macrophage inhibitory factor (MIF). In the MEM test it has been termed
macrophage slowing factor (MSF), though it may well be the same as MIF.

Full technical details of the method have been described by Field and Cas-
pary?® and Caspary and Field2'—the latter giving an experimental protocol
in extenso—and Shenton et al.22. Healthy non-sensitized guinea-pigs are
essential for this work?3-29, though attempts are still made to use animals
from colonies in which ‘a few’ are sick30. The precautions necessary (which
fall far short of SPF conditions) have been described by Shenton??. There is
an absolute need for glass-ware thoroughly cleaned without the use of any
form of detergent whatsoever. Full technical details have been set out by
Shenton and Field®!, and Field and Shenton?9.

If to=migration time of the normal guinea-pig macrophages in the
presence of the lymphocytes to be tested and fo=migration time when

te —tc

antigen also present, then f>f, and x 100 is a measure of the slowing

c
produced, and so of MSF produced by lymphocyte-antigen interaction.

to —to

It would, in fact, be more accurate to take x 100 as the measure of

fo
slowing of speed, but with the degree of slowing observed this makes very
little difference.
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With the MEM method, sensitization of blood Iymphocytes to human
encephalitogenic factor (EF) has been found in all organic diseases of the
nervous system and appears to be secondary to parenchymatous destruction
from any cause32. The test may thus be used to distinguish between organic
and ‘functional’ disease of the nervous system. It has also been possible to
show that the number of cells per mms3 of blood sensitized to EF is greater in
neurosyphilis (GPI) than in MS33, so that there is nothing to suggest any
specificity to the latter. It is quite clear that the demonstration of lymphocyte
sensitization to brain products can have no pathogenetic bearing on the evo-
lution of MS.

The finding by Millar et al® that administration of linoleic acid (LA)
reduced the number and severity of MS attacks raised the possibility that
LA might act by depressing lymphocyte ability to take part in an antigen
reaction with EF (or other antigen) believed, by those who subscribe to an
immunological mechanism at work in MS, to underlie the acute attack.
This would be in accord with the suggestion by Turnell et al.34 that the
cytolytic action of corticosteroids on normal and malignant lymphocytes
may be mediated by free fatty acids in the serum. Direct study of the effect
of LA (C.18:2) and arachidonic acid (C.20: 4) showed that both did indeed
(in vitro), as measured by the MEM test, dampen down normal lymphocyte~
antigen interaction. This occurred whether EF, PPD (of tubercle) or F,
(thyroglobulin fraction) of thyroid (to which everyone appears to be sensi-
tized3s) was used as antigen. When lymphocytes derived from MS subjects
were tested with LA, they were found to be much more sensitive to it than
were normal lymphocytes. The latter showed about 579, reduction in the
response to thyroid antigen when 008 mg/ml LA (roughly twice the
‘normal’ level in serum) was incorporated in the in vitro test; MS lymphocytes
showed 909, + reduction; and other neurological diseases (OND) gave
about 46%, reduction. There was good consistency within the groups®, so
that the effect of LA was proposed as a laboratory test for MS. The effect of
arachidonic and other acids has now also been reported. Whilst arachidonic
acid has a greater effect than LA, gamma linolenate has a still greater suppres-
sive activity37.

The original findings have been independently confirmed by Jenssen et
al.38:39, though Mertin et al.4° were unable to do so. The reasons for this have
been discussed in some detail?7-41:42, Tt was found some years ago®’ that
normal guinea-pigs exposed to banal viruses (such as influenza), whilst
remaining clinically normal, became sensitized to EF. Under these conditions,
peritoneal macrophages derived from them behave in a random manner in
the MEM test, not only when lymphocytes are tested with EF, but also with
PPD (which shares antigenic determinant(s) with EF44). This is probably due
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to the guinea-pig’s own lymphocytes (which 10-20%, of the peritoneal
macrophage exudate) forming variable amounts of MSF when brought into
contact with EF or PPD. In ‘repeating’ the work of Field et al., Mertin et al.40
abolished the precautions detailed for keeping animals from becoming sensi-
tized to EF and used PPD (instead of thyroid) as test antigen—hence the hap-
hazard results. Direct experiment# has shown that macrophages from guinea-
pigs which are inadvertently sensitized to EF may be used with thyroid as
antigen but not with EF, CaBP or PPD (which share antigenic determinants
to which the animals are sensitized). Mertin et al. elected to use PPD.

Apart from inadvertent sensitization of the guinea-pigs from which in-
dicator macrophages are drawn, actual infection of the animals leads to
bizarre results?9.

Recently a simplified test for MS has been developed#s47, eliminating
altogether the use of guinea-pigs. It depends simply upon the measurement
of the absolute mobility of erythrocytes (um/cm/V /cm). In the case of RBC
from patients with MS, linoleic acid (LA) and arachidonic acid (AA) (at a
concentration of 0-08 mg/ml) both cause a marked slowing of the cells (p
<0001 in almost every individual case) whilst red cells from normal subjects
and OND (other (destructive) neurological diseases) travel faster in the
presence of these acids (p again < 0-001 in the great majority of cases).

Subjects have also been examined from families where the ‘anomalous’
(77% type) of result had been found with the MEM-LAD test. In such
cases LA is found to slow the migration speed of RBC, whereas arachidonic
acid increases it. The effects are very rapid, occurring almost as soon as the
acids are added, and must be due to some ‘pellicle’ effect around the cells.
The action is so fast (it is apparent immediately the UFA is added) that we
cannot be dealing with true incorporation, but almost certainly with an
adsorption effect; nor could there be time for the flip-flop phenomenon
described by Bretscher#8, Renooij et al.#9 and others, to occur. Actual in-
corporation studies with 14C marked acids are in progress in this laboratory.
The small number of experiments so far completed suggest that incorporation
is greater into MS RBC membranes than into those of normals (Dr M.
Glover).

A full description of the E-UFA (Erythrocyte-UFA) test has been given
elsewhere. Several families who have been studied by the MEM-LAD test36
have given congruent pictures by the simplified E-UFA test. The test has the
advantage that guinea-pigs are not necessary for carrying it out, but con-
siderable attention to detail must (as before) be paid to preparation of glass-
ware, double-distilled water, etc. and to the accurate determination of
specific resistance of the medium in which the measurements are made. In
our experiments we have used Medium 199 (Hanks based: Gibco Bio-Cult)
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and conductivity measured for every specimen used. An unexpected finding
with the E-UFA test has been that the effects of LA and AA are inverted
when small amounts are used (002 mg/ml) instead of the standard 0-08
mg/ml (Figures 9.1 and 9.2). A relative who gives the intermediate type of
result (slow with 0-08 mg/ml LA; fast with 0-08 mg/ml AA) shows only
partial conversion. With LA at 0-02 mg/ml such RBC still travel slowly, but
with AA they travel more slowly. There must be some subtle biophysical
explanation at present beyond our reach.

In some subjects the level of LA or AA may have to be lowered to o-o1
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Figure 9.1 Comparison of result in an MS and normal subject as the concentration of
arachidonic acid is reduced from the usual testing level of 0-08 mg/ml to 0-01 mg/ml.
Below this level it becomes ineffective. Note that the MS, slowed at the higher con-
centration, is speeded up at the low concentration, and the reverse is true for the normal

subject.
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Figure 9.2 Comparison of result between a multiple sclerotic and an OND subject. Note

again the reversal in effect of linoleic acid as the concentration is reduced from 0-08 mg/m!
to o-o1 mg/ml.

mg/ml in order for conversion of mobility change to occur. Recently we
have shown (in collaboration with Dr A. F. Rogers) that PGE, is active in
altering the mobility of RBC and it may indeed be possible to use this
material in simplifying the E-UFA method.

The erythrocyte phenomenon is perhaps of great importance, as the simple
membrane of the cell may be a good model for cell membranes in general in
MS. Years ago Plum and Fog5° confirmed by Prineass!, observed that mean
erythrocyte diameter is increased in MS. The osmotic fragility of MS
erythrocytes is also increaseds?:53 and it is tempting to suppose both pheno-
mena stem from unusual biochemical-biophysical make-up of the limiting
red cell membrane’? depending upon the inborn mishandling of UFA
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postulated by Thompsonf. The unusual reactivity of the lymphocyte
surface to UFAs which forms the basis of the MEM-LAD test described
above may be but one manifestation of involvement of all membranes, the
RBC phenomenon being another. If this is so, then the membrane of the
oligodendroglial cell may also be abnormally constituted and this would
lead to abnormal myelin make-up. Several possibilities exist. It might be
that the abnormally constituted myelin is unable to stand up to the wear
and tear of the normal life span and undergoes patchy perivascular ‘abio-
trophy’; or it may be more susceptible to an allergic process (cf. Clausen and
Mollers4) ; or it might form a more favourable nidus for the establishment of
‘slow’ virus infections, either as a sequel to attack by a banal agent (such as
measles) or ab initio.

Both the original MEM-LAD test and the newer E-UFA test offer a
means of studying MS families and scanning children born into such
families as near (blood) relatives. If the test picks out young children with
full MS result, then it would seem reasonable to load them with linoleic acid
(or gamma linolenate) in an attempt to make up for the inborn genetic
mishandling they bearss.

Three cases of acute disseminated encephalitis following common infec-
tious fevers have shown a negative MS result by the E~UFA test—i.c.
their erythrocytes have been speeded up by LA and AA in the manner of
normal subjects (or those with other neurological diseases). No special
predisposition would thus appear to the development of post-exanthematous
encephalomyelitis, dependent upon abnormal myelin constitution.

Devic’s disease (regarded by many as a variant of MS) gives a negative
result, both by the MEM-LAD and E-UFA tests. As with the formers6,
the E-UFA test can be applied to the problem of optic neuritis.

Clearly MS research would appear to have entered into a new and active
phase during the last 10 years with an experimentally based leitmotif. The
E-UFA test throws a deeper light on the aetiopathogenesis of the disease
than does the interpretation offered for the MEM-LAD test results in MS.
There it was simply supposed that the suppression of acute MS reported by
Millar et al.* could be explained simply by a depressive effect of LA on the
ability of lymphocytes to react with antigen. Some disquiet was caused by
the finding that exhibition of gamma linolenate (Naudicelle capsules) for
some weeks led to a more normal lymphocyte reaction, i.e. they now reacted
better than before to antigens? (see Chapter 28). The newer suggestion that
LA and gamma linolenate act by altering membrane constitution (and so that
of newly built up myelin) in the direction of normal means that the effect of
unsaturated fatty acid therapy is on an altogether different basis. From recent
determinations we now know that the slowing of RBC by both LA and AA
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characteristic of MS only begins to change after 4~8 months, the AA slowly
beginning to exert a speeding up effect and the LA following some weeks
later. A typical protocol is shown in Table 9.1 and 9.2. It can be seen that after
2 months (exceptionally early) the reaction with AA changed from a slowing
to a speeding up. After nearly five months’ treatment the LA reaction
changed similarly so that by 6 months the patient reacted normally. During
this period she was remarkably well. If we assume, say, 8 months, as the time
for LA to have an effect, than a 2-year double-blind trial is rather a short
time, especially in adults where myelin turnover is slow, for newly consti-
tuted myelin to replace the defective, susceptible, original material. Again,

Tables 9.1 and 9.2 Naudicelle begun on 27.4.76 and 24.6.76 when patient showed full
multiple sclerosis result. Note persistence of this result for 2 months and gradual change
in the reaction, first with arachidonic acid and then with linoleic acid in the direction of
normal, so that in s~6 months patient gives normal type of reaction, i.e. increased speed
with both linoleic and arachidonic acids (p <0-001). These are representative of a group
of cases studied.

Table 9.1 GH (Female) (age 29)

% change

Date CON SD LA SD AA SD LA AA
27.4.76 1113  t-037 1073 036 1073 to0'34 ~—364 ~—363
4.5.76 1101 +-034 1-058 +0°35 1-068 +-032 -3-86 —3°02
18.5.76 1-108 +-036 1-074 +-040 1075 +-035 —3-04 —-2'9§
8.6.76 1-172 +-035 1-117 +-037 1-166 +-030 — 465 —-0°52
28.6.76 1144 +:030 1091 +-029 1162 +°029 — 464 +1°59
26.7.76 0°902 +:024 0879 +-030 0970 +-041 + 265 + 745
6.9.76 0-980 +-031  0°994 +-034 1024 +-032 +1°41 +45
4.10.76 0-970 + 041 1:036 +-043 1-043 +-037 +6-78 +7°49
8.12.76 1-002 +-024 1042 *-035 1047 £°035 +4-03 +4°47
Table 9.2 PP (Female) (age 24)

% change

Date CON SD LA SD AA SD LA AA
24.6.76 1°174 +-034 1°124 +-030 1-128 +-027 — 428 -3-88
28.7.76 0935 +:024 0900 +-025 04909 +-025 -3-80 -277
15.9.76 0'983 +-:023 0951 +-023 1004 +-034 —3°31 +2'15
25.10.76 0978 +:030 0951 +:040  0°991 +-+037 -2'76 +1°31
29.11.76 1004 +-031 1-031 +-034 1025 +-028 + 265 +2'12
10.1.77 102§  *+023 1079 *-037 1095 t-030 +527 +683
10.2.77 1°071 +-032 1117 +-028 1'I30 *-020 +4°33 +5°49
30.2.77 0°987 +-031 1°083 + -029 I1°III +:030 +10000 1264
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if the defective membrane hypothesis is correct, then LA must be a lifelong
therapy and should be begun as early as possible (see children scanning above).
We also know that those who have been on sunflower seed oil therapy (LA)
and have given it up because the dramatic improvement they expected did
not occur, revert within a few months to the MS type of result (slowing by
both LA and AA). Although the great majority of patients react as described
there are one or two who do not respond to LA and AA fully. Two subjects
have been encountered who, even after 18 months’ intake of gamma lino-
lenate, showed only partial response (AA fast but LA still slow). One has
regressed somewhat and the other remained stationary. It is therefore
advisable to test a patient before gamma linolenate therapy is begun and
again at 6 months and one year. The biochemical basis of ‘resistance’ is not
yet clear, nor whether additional dosage with gamma linolenate will aid
them.

Finally a word may be said for the long standing case of MS where axis
cylinders have probably been destroyed and where (despite current teaching)
nerve cell degeneration also occurs. Clearly little is to be looked for here both
because no myelin will reform around defunct axis cylinders, and because
the contribution to the protein of myelin derived from the nerve cells? is
lacking. The imposition of the neural factor probably underlies the striking
manner in which long affected MS subjects may pass into a phase of steady
deterioration. Roses9 in discussing this is drawn to the conclusion that
‘secondary adverse factors accumulate and cause progressive interference
in the function of the neuronal systems that have been most affected by
demyelination’. Clearly we must act before this stage is reached and prospects
seem brighter today than ever before.
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ADDENDUM

Since the above was completed, a simplified laboratory test has been de-
veloped (Field and Joyce, 1977), depending upon the susceptibility of erythro-
cytes to prostaglandin PGE, with regard to their absolute electrophoretic
mobility. Using this arachidonic-acid based material, it has been found that:

(1) RBC from MS patients do not change their mobility in the presence of
0-1 ug/ml PGE, (an enormous dose in prostaglandin work), whilst RBC from
normal or OND subjects travel more rapidly (p<o-o0o1). In this work the
results are always clear cut and practically all changes are significant at
p<o-oor. The author is not prepared to accept change when p<o-or.

(2) RBC from MS patients travel more rapidly in the presence of 1 pg/ml
PGE, and diminishing concentrations of PGE, down to and including
00000625 pg/ml (62 p). Below this there is a sudden reversion and at
31 p/ml they travel more slowly. RBC from normal or OND subjects
generally travel more rapidly with concentrations down to 0-0025 or
0-0005 pg/ml and below this PGE, makes no significant difference down to
and including 61 p/ml. Below this at 31 p/ml such cells, however, begin to
travel more rapidly once more.

(3) Patients who have been treated with gamma linolenate (Naudicelle)
for 6-8 months change over from the MS type of effect of PGE, to the
normal-OND. Occasionally a patient takes a little longer to make the
alteration and so, if feasible, it is advisable to re-test at the end of a year,
to make sure the gamma linolenate is being effective.

(4) Some patients who have been treated with gamma linolenate (2 cap-
sules of Naudicelle, three times a day—with restriction of animal fat intake
especially at the time of taking the capsules) show further interesting changes.
They might be described as becoming ‘more normal than normal’. With
1-0 pg/ml PGE, they give the speeding up shown by normals and OND,
but the change occurs also at extreme dilutions of PGE,. Whilst normal-
OND subjects revert to control speeds at 61 p/ml and become faster at
31 p/ml, this speeding up only rarely persists at 15:6 p/ml. However, with
patients who have been taking gamma linolenate for 2-3 years, the speeding
up is persistent (p<<0-001) at 15°6 p/ml, 7-8 p/ml and even at 3-9 p/ml,
though values return to normal in the presence of 1-85 p/l. This phenomenon
which is being further explored in collaboration with Dr A. F. Rogers of
the University of Bristol (to whom the author is indebted for PGE,) might
well provide the basis for an estimation method for PGE, very much more
sensitive than those currently available.

257



258 MULTIPLE SCLEROSIS

A typical set of results is set out in Table 1.

(s) In the original MEM-LAD test (p. 247), a considerable number of MS
families were studied and anomalous results were found (about 779 reduc-
tion), approximately mid-way between the 909, + reduction seen in MS
and the 579 amongst normals—i.e. about 77%. A typical family tree is
shown in Figure 1 and the English results (similar ones have been obtained
by an independent group working in Rostock, DDR), summarised in
Table 2. The same family as in Figure 1 is'shown, tested 3 years later with
the E-UFA test (Figure 2). Although there is similarity in the results, II, 4

FIGURE 1

FiGURE 2
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(the sister of the propositus II, 2) was found to give (on repeated examina-
tion) a full positive MS result. The girl is quite asymptomatic, but on
examination shows unequal reflexes, an absent upper left abdominal reflex
and on one occasion a sustained right ankle clonus. She is apparently a silent
case of MS (cf. p. 4 and Chapters 6 and 7). Two other silent cases of MS
(a sister and a daughter of two propositac) (so far not examined physically
for psychological reasons) have also been uncovered. It seems possible that
the E-UFA test is more sensitive than the original MEM-LAD. Whilst
no other example of an anomalous (779 type) MEM-LAD result turning
into a full-blown MS one has been found, the possibility must now be
entertained. A further account of some family trees in MS of childhood is
given elsewhere6o,

In conclusion it is perhaps permissible after 100 years of gloomy lack of
real progress to end on a note of new optimism. The importance of UFA in
MS has been realized: this in its turn has led to laboratory diagnostic pro-
cedures which are based upon the idea of an inborn mishandling of UFA
reflected in abnormal cell surfaces in MS and hence in myelin produced;
and this leads to the possibility that the inborn error, if recognized before
myelin is properly laid down, may be biochemically corrected.

If MS develops on the basis of a ‘prepared soil’, it may be possible to alter
this character so that the disease does not occur. Indeed its prevention may
antecede an exact knowledge of its final pathogenesis. And lastly it seems
possible that the additional factor needed for the development of the disease
on the ‘prepared soil’ may be either exogenous (e.g. a virus—specially
acting as a ‘slow’ infection) or endogenous.
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Arylamidase 194
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cell count 208
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M-components 211, 212
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Cholesteryl ester hydrolase 189
Cholinesterase 209
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Clinical course of MS 8
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CNPase 182-188
brain tumours, in 187
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SSPE, connection with 188
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Demyelination 7, 165, 187, 189, 209
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Devic’s disease 3, 42, 43
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fish s1; see also Fish oils
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factors affecting 44
age factors 104
sex factors 104
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DW2 allele 30
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Fatty acids—(contd.)
saturated 227
trans-configuration 229

Fennoscandian focus 121, 123

Fish oils 229
see also Diet

Flicker fusion test 3, 179

Formes frustes 2, 4

Frequency of disease 86

Frequency zones 35

Genetic factors 1, 6, 67, 73, 131
LD factors 6
sD factors 6
Geographic distribution of MS 35, 108ff
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y-Globulins 210, 211ff
Glycoprotein 190, 192

Haemagglutination factors 209
Haematoencephalic barrier 210, 215§
Haplotypes, parental 71
Hemiplegia 14

Heritability estimates 67
Histocompatibility genes 68

HLA typing 21, 69, 158
Hyperimmunization 217, 219
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Immigration s2ff

Immune response 50, 71, 132, 178, 238
Immunoelectrophoresis 212

Immuno peroxide labelling 157
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‘Timpy’ mice 168, 183, 189
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Latitude, distribution by 4, 110-11§
LD typing 21
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Leucocyte reactions to MS 160
Linoleate 232ff
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Lipid bilayer 227ff
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carboxypeptidase 175
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glycosylation 175
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phosphorylation 174
Myelin sheath 165, 225, 229
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Oriental resistance to MS 72
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decreased cell yield 145ff
haemagglutination of 155
Paramyxovirus 157, 225
Pasteur prophylactic treatment for
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Pleiocytosis 208
PMN factor 148
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Polymorphonuclear neutrophils 144-158

Population-based data 89
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Prevalence 110ff
racial, 133ff
Prognosis 22
Progressive dementia 18
Prospective studies 16, 21
Prostaglandins 239
Protective factors 136
Protein kinase 195
Proteolipid protein 181ff

‘Quaking’ mice 168, 183, 189, 191

Racial distribution; see Prevalence
Radial immunodiffusion 212
RBC-UFA test 251

Relapse rate 14, 17
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Retrospective analysis 15
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relative 100
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Schwann cells 167
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receptors 179
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‘Slow”’ infection 1
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motor 1§
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Thyroid hormones 187
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Transmission of MS 138

by transfusion 160
Triethyltin 187
L-Tryptophan 180
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Types of MS

abortive 21
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classical 14

familial s, 22, 131

immunopharmacological 179

progressive 14
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