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Introduction

Multiple sclerosis is an unique disease with a tremendous impact on social life in
countries with moderate climates. Its cause is unknown. In recent years however
hopes have been raised that the disease might be fought, and possibly cured.

With the disappearance of poliomyelitis as the main paralyzing disease multiple
sclerosis has taken its place as the single disease that is responsible for paralyzing the
young with an incurable affliction of long duration, for social disruption and for an
economic impact that is estimated to be higher than heart disease!.

A multi-national, multi-disciplinary approach to this extremely disabling disease
is urgently needed in this phase of hopeful scientific developments.

The Commission of the European Communities therefore sponsored a Con-
ference on Multiple Sclerosis Research in Europe on 29, 30 and 31 January 1985
in Nijmegen, The Netherlands, with the aim of formulating practical proposals for
such cooperation in the Communities. This volume contains the papers read at that
conference.

An extensive report of the discussions and recommendations of the conference
was presented to the Commission of the European Communities in March 19852,

It was felt that a general rating scale for use in clinical assessment of severity and
course of the disease was urgently needed. Several of such scales already exist, but
are not in general use'.

Inthe last twenty years, prospects for treatment and even cure of multiple sclerosis
have become more promising. However the design and execution of treatment trials
were hampered by many flaws, so that the results have remained open to criticism.
Recent years have brought new tools to clinicians to perform reliable clinical trials.
These trials will need large numbers of patients and these numbers can be only col-
lected in a short period of time by means of a coordinated effort on the part of a
large number of clinical centers. European clinical centers could make a significant
contribution.

Brain tissues, CSF and blood cells of multiple sclerosis patients are needed for
nearly all studies. These materials have to be well preserved. Multinational storage
facilities for MS material should be made available as soon as possible.

Xi



i INTRODUCTION

The conference felt that in this phase of clinical and basic studies in multiple
sclerosis, the importance of some fundamental issues should be stressed. In
particular fundamental studies in neuro-immunology, remyelination, glial-axon-
relationship and conduction block should have priority. Many of the clinical
questions are dependent for their solution on better insight into these fundamental
problems.

Reliable markers for disease activity and disease course are still not known. It is
one of the main problems in clinical studies and treatment trials. It should therefore
be one of the aims of concerted action in MS research. Multiple sclerosis is not the
only demyelinating disease present in Europe. The conference advocated that other
demyelinating diseases of the central and peripheral nervous system should be
studied in close relation to multiple sclerosis.

Neuropsychological studies in multiple sclerosis remain an underdeveloped area
in MS research. Since NMR studies have demonstrated many lesions in so called
‘silent’ areas of the brain, attention should be directed to new methods to let these
areas ‘speak’. In recent years psycho-neuro-immunology has appeared as a new line
of research with prospects of discoveries in the relation between human behaviour
and man’s immunological status.

The conference was divided into five sections.

- Clinical studies and therapeutic trials

- Immunology

- Biochemistry, neurobiology, myelin

- HLA, epidemiology, genetics

- Imaging and neurophysiology

Each of these sections formulated conclusions and proposals for coordinated
research in Europe, that are briefly summarized here.

I CLINICAL STUDIES AND THERAPEUTIC TRIALS

Standardization of data collection is a prerequisite for all studies and trials. This

should be used in an effort to improve protocol design in therapeutic trials.
Studies of placebo response, psychological aspects in response to treatment and

other aspects of psycho-neuro-immunology should be examined.

I IMMUNOLOGY

Main emphasis should be directed to T cell clone and T cell line studies of the CSF.
The morphology of CSF cells, their migration and traffic are of fundamental
importance. Attention should be paid to neuromodulators and neuromediators in
the immunological response. The specific cellular immunotherapy of experimental
allergic encephalomyelitis (EAE) and neuritis (EAN) should also be stressed.

Il BIOCHEMISTRY, NEUROBIOLOGY, MYELIN

In neuropathology the so called ‘normal’ white matter of MS brains should come
under close scrutiny. Next should figure the early lesion in MS, the immuno-
pathology of plaques and the pathology of peripheral nerves and the eye.
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NMR findings in relation to pathology should be clarified in the coming years.

Biochemistry of myelin, myelinogenesis and remyelination is of basic importance
for the understanding of the MS process. These studies should be linked to those
of animal models of demyelination.

Viral studies in mechanisms of triggering auto-immune reactions in the brain and
dysfunction of brain cells, neuro-virulence and viral persistence in the brain should
be the focus of concerted action.

IV HLA, GENETICS, EPIDEMIOLOGY
With its migration of workers from southern to northern parts of the continent,
Europe offers good opportunities to distinguish environmental aspects from genetic
ones.

The HLA antigen frequencies should be studied in multicase families. Twin studies

should offer even more opportunities to look into environmental and genetic causes
of MS.

V' NEUROPHYSIOLOGY AND IMAGING

Neurophysiology of conduction disturbances and their restoration are of prime
importance. It may prove highly rewarding especially to study the improvement of
conduction in the demyelinated state.

Early diagnosis should be made possible by new neurophysiological measuring
techniques. Specific concentration of clinical neurophysiology on evoked potentials
is advocated. The significance of progressive latency increase in multiple sclerosis
related to morphological, biochemical and pharmacological aspects has to be
elucidated. The study of central processing of the evoked potential may be especially
rewarding.

NMR imaging has revolutionized insight in frequency and location of MS lesions
in an early stage of the disease. Highly important investigations should be started
in cooperation between various centers, especially on the relation between bio-
chemistry and the NMR signal, on the tagging of cells that can be followed in NMR
and the combination of NMR spectroscopy.

This conference kindled the hope that a cooperative effort and concerted action
in Europe could greatly contribute to the understanding of the disease process in
MS and to its treatment.

Otto R. Hommes,
Nijmegen, October 1985.

! Inman, R. P. (1984). Disability indices, the economic costs of illness, and social insurance: The case
of multiple sclerosis. In: R. ]. Slater and N. E. Raun (Editors), Symposium on a minimal record of disability
for multiple sclerosis. A tribute to Torben Fog. Acta Neur. Scand., suppl. 101, vol. 70, 46-55.

2Hommes, O. R. Report to the Commission of the European Communities of a Conference on
Multiple Sclerosis Research in Europe held in Nijmegen, The Netherlands, 29, 30, 31 January 1985.
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Clinical Studies in Multiple Sclerosis

S. POSER

Clinical studies in Multiple Sclerosis (MS) have a long tradition,
the first clinical description being published over a century ago. But
even earlier than this, a patient with MS, Augustus d'Este, recorded his
symptoms in a detailed diary (Firth 1948). D'Este's handwriting gives
more accurate account of his state of health than any medical description
could: In 1822 it was extremely legible, but by 1848, shortly before his
death, ataxia had deteriorated his penmanship considerably.

The classical description by Charcot is known to you all. He identi-
fied the key clinical features, among which scanning speech, nystagmus
and intention tremor are known as the Charcot's triad. These early de-
scriptions were biased toward the advanced cases and we still live under
the impression of this unfavorable picture which contributes to the many
prejudices connected with the diagnosis. R. Muller (1949) was one of the
first to analyse a more representative sample of over 800 patients and to
give a survey on the symptomatology, one which still appears in modern
textbooks (table 1). The frequency of disturbances is comparable to the
one we found in a sample of 3091 patients recorded recently (table 2). In
addition to the present symptomatology the reversibility of signs and
symptoms can be estimated from this table. Provided that patients who are
examined during an acute bout are excluded, the comparison of the fre-
quency during the total course and at present examination reflects the
tendency of the particular sign to remit or the successful treatment of
the disturbance. However, all these data were gathered from hospitalized
patients and are therefore biased, again, towards the more severe mani-
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festations.

Table 1 Frequency of symptoms in MS

Balance abnormalities 78% Paraesthesiae  40%

Impaired sensation 71%  Giddiness 32%
Paraparesis 62% Hemiparesis 18%
Micturition changes 62% Facial palsy 15%
Optic neuritis 55%  Epilepsy 5%
Monoparesis 52%  Impotence 5%
Ataxia of limbs 45% Hearing loss 4%
Diplopia 43% Tic douloureux 2%

Miller (1949)
Published in Hallpike, J.F. (1983)

Table 2 Survey of the Symptomatology of 3091 MS Patients

(mean duration of the disease 11.3 years)

disturbance at present examination during total course
spasticity 76.7% 84.7%
pareses 71.4% 84.7%
ataxia 71.2% 78.7%
sensory 68.9% 85.8%
sphincter/sexual 52.4% 61.1%
cerebral 33.4% 38.6%
trigeminal /facial 18.3% 30.5%

diplopia 13.9% 35.6%
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We compared our own hospital statistics with results obtained by

examination of epidemiological patients and found that among the latter,
the frequency of disturbances was less in all functional systems (table
3). This more favorable picture also appeared when we considered the dis-
ability present after a certain duration of the disease (figure 1). The
traditional Kurtzke disability scale with its full steps between 0 and 10
was used to characterize the hospital and the epidemiological sample.
There are many different rating scales available at present and an effort
is being made to come to an agreement in respect to a minimal record of
disability for international comparisons (Slater and Raun 1984). Besides
the disability status scale, the functional system scales of Kurtzke, an
incapacity and a socioeconomic scale are included. These efforts are im-
portant prerequisites for rehabilitation research and planning committees
and if there is to be European agreement on clinical research an adequate
documentation system has to be developed. It is not possible to use a
universal system for all aspects of MS. For therapeutic trials, for in-
stance,it has to be more detailed than the minimal data set.

Table 3 Present symptomatology of different MS-samples

Epidemiological Group Hospital Group

N = 221 N = 1837
Mean Duration of Disease 12.1 years 10.5 years
DISTURBANCES
Spasticity/Babinski 61 % 80 %
Paresis 57 % 78 %
Sensitivity 69 % 73 %
Eye motility 1M % 14 %
Trig./Facial 14 % 15 %
Brainstem/cerebellum 63 % 77 %
Cerebral 33 % 36 %
Vegetative 49 % 56 %
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figure 1 Distribution of disability in MS.
Comparison of a hospitala—a and an epidemiological o— -
sample.

Sipe et al. (1984) recently published a neurological rating scale
based on a detailed neurological examination, and Mickey et al. (1984)
proposed an illness severity score in which the disability scale, the
functional systems and course characteristics are combined to form a to-
tal score. Whether these attempts are better than the ones used by Fog
(1965) remains open at the moment. He was one of the first who tried to
gain information pertaining to the natural course of the disease by re-
cording the neurological signs and symptoms over time in individual pa-
tients. With this method he was able to recognize different types of the
course and predicted the future course by the use of computer programs
(figure 2). Most of the results on course and prognosis were later con-
firmed and they are essentials for planning clinical studies; e.g. it is
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important to realize that the frequency of bouts is of lesser signifi-

cance for the eventual prognosis than the progression which develops in
between or underlying the bouts.

figure 2 The different types of course in MS according to Fog, T., 1966
(Acta Neurol. Scand. 42: 608-611).
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Among the many factors which have been analysed in respect to pro-
gnosis only 4 or 5 are generally accepted as predictors:
1. The pyramidal and cerebellar signs present after 5 years are a good
prognostic parameter for the future course (Kurtzke et al. 1977).

2. The lower the age at onset, the better the prognosis. There is dis-
agreement, however, whether the age at onset per se or the course of the

disease is the decisive factor.

3. The remitting course has a better prognosis than the chronic progres-
sive form (figure 3). Patients who are older at the onset more often have
a chronic progressive course. From figure 4 it is evident that the remit-
ting form has a good prognosis irrespective of the age at onset. The
course seems to be a more significant factor than the age at onset.

4. The symptomatology at onset has a correlation to the prognosis: In a
recent study by Visscher et al. (1984) earlier findings were confirmed
that initial sensory signs and symptoms identify patients with a benign
prognosis irrespective whether they are combined with other signs. Optic
neuritis as initial sign was found to indicate a good prognosis by some
authors, but not by others.

5. The area of residence seems to influence the prognosis: Clark et al.
(1982) found that patients in the Los Angeles County (latitude 34°) had a
worse prognosis compared to patients living in the King and Pierce Coun-
ties in the state of Washington (latitude 47°). This finding is in agree-
ment with data from Asia. Although MS is rare in these regions it runs a
more severe course in the individuals affected. In Clark's study the ma-
lignant cases more often reported adverse responses to heat exposure and
favorable responses to cold exposure. Although temperature changes are
usually considered to influence the disease only temporarily, the authors
discuss the possibility that adverse effects associated with exposure to
heat were in some cases irreversible. The well-known deteriorations con-
nected with infections -particularly of the upper respiratory tract- can
be caused by even minor temperature increases. Antipyretics can help to
prevent these exacerbations.

Among the various factors which were claimed to influence the pro-
gnosis are emotional difficulties, trauma, vaccinations and gestational
processes. All these may precipitate a temporary deterioration but do not
influence the long-term prognosis. With respect to pregnancy we were re-
cently able to confirm the findings of previous studies that onset and
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figure 3 Comparison of the prognosis for different courses of MS.
grade of disability
Progressionindex = =--=-=ccemmemoooo
duration of disease
deterioration occur more often during puerperium than during pregnancy
(table 4), but that the final prognosis is not influenced by these bouts
and deteriorations.

The accumulation of bouts after childbirth is a complex and poorly
understood phenomenon and 1 think it is deserving of more research. A co-
operative clinical study would enable the prospective follow-up of preg-
nant MS-patients including a monitoring of immunological parameters. It
is known that several substances which are produced or increased during
pregnancy, such as alpha-fetoprotein, are immunologically active and
could protect the mother against deterioration of established or suspec-
ted autoimmune disease -an event which is well documentated in patients
with rheumatoid arthritis and often observed in myasthenia gravis.
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figure 4 Comparison of the prognosis for different ages at onset of
remitting MS.

grade of disability
Progressionindex = --------mocmmoeaoo

duration of disease

Table 4 Significance of Pregnancy and Childbirth
in Relation to Multiple Sclerosis

Patients pregnant before onset of disease 345

Onset during pregnancy 19 (5.5%)
Onset during 6 months after childbirth 59 (17.1%)
Patients pregnant during the disease 110
Deterioration during pregnancy 13 (11.8%)

Deterioration during 6 months after childbirth 28 (25.5%)
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My final remark on clinical studies relates to diagnostic classifi-

cation. An agreement on what we consider to be multiple sclerosis or what
we refer to as definite, probable or possible MS is a prerequisite for
any cooperative research. Fortunately the book on "Diagnosis of Multiple
Sclerosis" edited by Ch. M. Poser et al., who is my namesake but no rela-
tive, was published a few weeks ago. The guidelines for research proto-
cols given in chapter 19 and the comparison of the different diagnostic
criteria in chapter 20 form a good basis for any committee working on the
diagnostic criteria in a European study. On the whole it seems to be ac-
cepted that csf-findings should be included within the criteria, a propo-
sal which was made by Bauer over 10 years ago (table 5).

I believe that this agreement makes our goal of cooperative research
easier to attain.

Table 5 Diagnostic Criteria of Multiple Sclerosis (Bauer 1972)
I. Definite

A. 2 or more episodes of worsening in remitting cases, or a slow or
a stepwise progression of signs and symptoms over at least one
year

B. Dissemination in space

C. Typical csf-findings: mononuclear pleocytosis up to 50 cells/mm?,
total protein normal or elevated slightly up to 100 mg/100 ml,
left colloidal reaction, elevation of globulin fraction (IgG)

IT. Probable

Not all of the criteria of I are fulfilled, but at least two groups
are present (A+B, B+C, A+C)

In initial bout: I B+C present, typical csf-changes outlasting the
clinical symptomatology

In progression from onset: I B+C present, steady progression over at
least 6 months, typical csf-changes persisting.

ITI. Possible
A physician competent in clinical neurology should decide that the
patients condition could not be better explained on the basis of

some other disease. Course and symptomatology are not sufficiently
characteristic of MS (I B+C), however.

Monosymptomatic retrobulbar neuritis is located here
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Clinical Trials

PETER RUDGE

Multiple sclerosis is a heterogeneous disorder. One group of patients
has repeated relapses, followed in some by progression, others are
progressive from the onset. Both the relapse rate and progression of
the disease alters in a non-linear way with time. For these reasons it
is not possible to assess the effect of any putative therapy without an
adequate control group of patients. Ideally a study of therapy should
involve a large population randomly assigned to the test and placebo
groups. In addition, if possible, the trial should be double blind to
avoid the substantial placebo response known to occur during trials of
multiple sclerosis therapy.

Four important points need emphasis:

1. The methods of selection, assessment and end points of any trial
should be clearly stated at the outset.

2. The acceptable false positive rate (type I error) should be stated
prior to the outset. If the therapy is potentially dangerous this error
should be smaller, say 1%, than if the therapy is harmless.

3. The acceptable false negative rate (type II error) for a given type
I error should be estimated prior to the outset making reasonable
assumptions as to the 1ikely benefit to accrue from a treatment. This
will enable the experimenter to estimate the size of the two groups to
be recruited.

13
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4. Do not repeatedly analyse the accumulating data and terminate the
trial on this basis. This grossly underestimates the false positive

value in the final analysis.

No trial of therapy in multiple sclerosis to date has fulfilled these

criteria.
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Onset, Course and Prognosis of Multiple Sclerosis

C. CONFAVREUX

INTRODUCTION.

By reviewing the 349 Multiple Sclerosis (M S) cases examined in a
Neurological Department over a twenty-year period (1957-1976), the purpose
was to give a general view on the onset and the course of M S and to iden-
tify characteristics which may serve as pronostic markers and assist in
therapeutic decisions (1).

MATERTEL AND METHODS.
All of the cases examined in the Department for a suspicion of M S

were reviewed in 1976. The only 349 cases satisfying our diagnostic clas-
sification (1) were selected. This classification is based upon the Mac
Alpine's with "dissemination in space" and "dissemination in time" criteria,
but it takes into account paraclinical data, notably Evoked Potentials and
C T Scan for the demonstration of the space dissemination. It also uses
Cerebro Spinal Fluid (C S F) alterations for the definition of a biological
criteria.

Definitions of relapses and progression, pure relapses and relapses
with sequelae, remittent phase and progressive phase, have already been
given (1). Similarly, three types of clinical course were defined (1) : the
remittent, the remittent-progressive and the progressive types. Symptomato-
logy was classified as follows : long tracts dysfunction (L T) which
refered either to upper or lower limbs dysfunction, sensory symptoms or
sphincteric disturbances; optic neuritis (O N); brainstem dysfunction (BS),

15
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i.e. diplopia, "tic douloureux", dizziness...; when at least two of these

three categories were present in the same individual, the clinical picture
was considered as plurisymptomatic and further subdivided in two categories
according to the presence of O N or not. Three levels of non-reversible
disability were defined : none; moderate, still ambulatory; severe, not am-
bulatory. An "outcome index" was used : "hyperacute", "acute", "subacute",
and "intermediate" forms had severe non-reversible disability with a disease
duration of less than 5 years, 5 to 10 years, 10 to 15 years, and more than
15 years, respectively. "Benign" forms had no disability after 10 years of
disease duration or a moderate disability after 15 years. "Not classified"
forms had no severe disability and a too short follow-up.

Data were collected on standardized documents. Since 1976, this was
made prospectively. Analysis was made by computerized data processing. Chi-

Square test and Variance analysis were used for statistical evaluation.

BASIC DATA.

Among the 349 M S cases, 50 per cent were "definite", 30 per cent
"probable" and 20 per cent "possible" forms. Females were 60 per cent of
the total. In 1976, the mean period of follow-up was 9.0 years.

ONSET.

Mean age at onset was 31.3 + 10.1 years. In 10 per cent of the cases,
the onset was before the age of 20 years, in 70 per cent from ages 20 to 40
years and in 20 per cent after the age of 40 years. The mode of onset was
remittent in 82 per cent of the cases and progressive in 18 per cent.
Symptomatology at onset is presentend in TABLE 1.

TABLE 1 : DISTRIBUTION (%) of 349 M S patients
ACCORDING TO SYMPTOMATOLOGY AT ONSET

LToOnly toeeeeeennennnnn ceeeses 52
ONonly «ocevennes tesetesecscces 16
BSoOnly tovveeirieiennnannnnneess 10
Plurisymptomatic without O N ... 14
Plurisymptomatic with O N ......

(For abbreviations, see text).
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Age, mode and symptamatology at onset had tight correlations. Mean age

at onset was 30.0 years for cases with a remittent onset compared to 37.3
years in progressive forms. The difference was significant. This was still
observed when ages at onset were compared by distributions (Figure 1). In-

side each category of age at onset, the proportion of cases with a progres-

Figure 1. Distributions (%) of the 285 patients with a
remittent onset (R) and the 64 patients with

a progressive onset (P), according to age
at the onset of M S.

sive onset among the total of M S cases increased with advancing age
(Figure 2). It must be noted, however, that this proportion reached only 50
per cent for cases with onset at the age of 60 years. Frequency of long
tracts lesions increased while optic nerve and brainstem lesions decreased

significantly with advancing age (TABLE 2) and progressive onset compared
to remittent onset (TABLE 3).
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Figure 2. Percentages of cases with a progressive onset
among M S cases within each category of age
at onset.

TABLE 2 : SYMPTOMATOLOGY AND AGE AT ONSET.

The distribution (%) of the 349 M S patients according to symptomatology
at onset is presented inside each category of age at onset.

< 20 years 20~40 years > 40 years

LTonly veeeenneennnn 33 53 61
ONonly eoveeennn. 12 19

BSonly toeeeeeennnn . 29 8

Plurisymptomatic

without ON .......... 12 13 15
Plurisymptomatic

withON ...oeenne.... 10 5 8

(X2 = 25.6; p <0.005).
(For abbreviations, see text).
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TABLE 3 : SYMPTOMATOLOGY AND MODE AT ONSET.

The distribution (%) of the 349 M S patients according to symptamatology
at onset is presented inside each category of mode at onset.

Remittent Progressive
LTonly covvvenn 47 78
ONONLY toveeeennccancancancans 18
BSONLY soveennnenncenannennnns 12
Plurisymptomatic without O N ... 14 14
Plurisymptomatic with O N ...... 8 0

(X2 = 23.9 ; p < 0.001).
(For abbreviations, see text).

COURSE.
Remittent forms and remittent-progressive forms were marked by ages at

onset (1) and symptomatology at onset (data not shown) not significantly
different. Nevertheless, the mean period of follow-up was significantly
higher for remittent-progressive cases (1). It was concluded that remittent-
progressive forms were remittent forms which have had "time to grow older".

The age of the patient seemed to be decisive concerning the stages of
the disease (Figure 3). Whatever the detailed clinical course, mean age at
onset of the pure relapses was not significantly different. The same obser-
vation was true for age at onset of relapses with sequelae and for age at
onset of progression. Moreover, mean ages at onset for these three stages
were significantly different from each other (variance analysis p < 0.001).

The chronology of relapses was studied for the remittent phase only
since relapses were often difficult to identify during the progressive
phase. The probability for a new relapse to occur was highest immediately
following a relapse and then fell exponentially (Figure 4). The interval
between consecutive relapses tended to shorten (Figure 5). In fact, this
reflected shorter intervals between relapses for cases with higher number
of relapses (data not shown).

For the remittent-progressive cases, the mean period before onset of
progression was 6.8 years. Actuarial analysis (Figure 6) showed that patients
affected by progression were 18 per cent at the onset of M 'S, 30 per cent
at five years and 50 per cent at eleven years of duration of the disease.
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Figure 3.

Ages at onset of the different stages during
the course of M S. P R = pure relapses.

R § = relapses with sequelae. P = progressive
phase.
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Figure 4. Distribution (%) of the 196 M S patients with
at least two relapses during the remittent phase
according to the interval (years) between the
first and the second relapses (R} Ry interval).
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Figure 5. Interval between consecutive relapses during
the remittent phase. S D = standard deviation.
R = numbered relapse

FUNCTIONAL OUTCOME.

The mean interval from onset of the disease to moderate disability was
3.45 years. It was 9.5 years for severe disability. From actuarial analysis,
it could be noted that half of the M S patients were moderately disabled
or severaly disabled or dead after six, eighteen and thirty years of
duration of the disease, respectively (Figure 7).

FACTORS AFFECTING PROGNOSIS.
Three criteria were used : the period from disease onset to moderate

and severe disabilities, the outcome index and the actuarial method for

onset of disability. The sex of the patient had no influence. The older the
age at M S onset, the faster the M S course. Mean intervals to moderate and
severe disabilities were 7.9 and 14.3 years for M S onset before the age of
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Figure 6. Actuarial curve of progression for the 349 M S
patients. It represents the percentage of patients
not yet in the progressive phase according to
disease duration. Curves for three categories of
age at onset are also presented. Confidence
intervals (hatched) : for upper curve, + 5.0;
for middle curves, + 4.5; for lower curve, + 12.0
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Figure 7. Actuarial curve of functional outcaome for the
349 M S patients. It represents the percentage
of patients not moderately disabled or severely
disabled or dead according to disease duration.

20 years; they were 0.8 and 4.8 years, respectively, for M S onset from
ages 50 to 60 years (Figure 8). The influence of age was also clear from
the actuarial curves for moderate (Figure 9) and severe disabilities
(Figure 10) and from the outcome index (TABLE 4) . Progressive mode of onset
was correlated with poor outcome. Intervals to moderate and severe disabi-
lities were 0.34 and 5.8 for progressive forms compared to 4.8 and 10.9
for cases with a remittent onset. There were three times more hyperacute
cases and three times less benign cases in progressive forms compared to
cases with remittent onset (TABLE 5). Symptomatology at onset had no
pronostic value. The interval between the first two relapses in the remit-
tent phase had a significant relationship to M S outcome : the shorter the
interval, the poorer the prognosis (TABLES 6 and 7). The same result was
observed, in the remittent-progressive cases, for the interval from the
onset of the disease to the onset of the progression (TABLE 8). Lumbar
puncture data had little prognostic value (1).
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Figure 8. Age at onset of M S and the functional outcame.
For each category of age at M S onset, the ages
at M S onset, moderate disability onset, severe
disability onset and decease are graphically
shown with reference to abscissae which represents
the age of the patient.
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Figure 9. Actuarial curve of moderate disability for the
349 M S patients. Curves for three categories

of age at onset are also presented. Confidence
intervals (hatched).



Figure 10.

TABLE 4

MULTIPLE SCLEROSIS RESEARCH IN EUROPE

Actuarial curve of severe disability for the
349 M S patients. Curves for three categories
of age at onset are also presented.

AGE AT M S ONSET AND OUT'COME INDEX.

Outcame index

Hyperacute
Acute

Subacute
Intermediate
Benign

Not classified

Age at M S onset
(mean £ S D)

35.7 + 10.3
34.1 £ 9.2
29.2 = 7.2
26.6 £ 11.4
27.6 £ 7

31.7 + 10.4

(Variance analysis; p <0.001).
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TABLE 5 : MODE OF ONSET AND OUTCOME INDEX.

Outcome index Remittexz;)onset Progres?;\)re onset
Hyperacute 6 20
Acute 6 14
Subacute 6 5
Intermediate 5 (0]
Benign 16 6
Not classified 61 55

(X2 =177 ; p <0.001).

TABLE 6 : mmmmmmmmmm(mmmﬂ)
AND INTERVALS FROM M S ONSET TO MODERATE AND SEVERE DISABILITIES (mean + S D)*

Rl R2 interval Interval to Interval to
moderate disability severe disability
(years) (years) (years)
< 1 2.1 2.5 8.1 % 6.9
1-5 6.8+ 5.5 10.0 £ 3.8
5-10 11.8 = 5.4 17.0 & 5.1
> 10 19.2x 7.7 31.7« 8.4
(variance analysis ; (variance analysis :
P <0.001) P <0.001)

¥ calculated from 1984's available data.



TABLE 7 :

TABLE 8 :

MULTIPLE SCLEROSIS RESEARCH IN EUROPE

INTERVAL BETWEEN THE FIRST TWO RELAPSES
IN THE REMITTENT PHASE (Rl R2 interval)
(mean + S D) AND OUTCOME INDEX.

Outcome index Rl R2 interval
(years)
Hyperacute 0.9 + 1.9
Acute 2.4 £ 1.3
Subacute 3.7 = 3.5
Intermediate 6.6 £ 5.8
Benign 6.2 = 5.6
Not classified 2.1 = 1.9

(Variance analysis; p ¢ 0.001).

INTERVAL FROM THE ONSET OF THE DISEASE
TO THE ONSET OF PROGRESSION (mean # SD)
AND OUTCOME INDEX FOR THE REMITTENT -
PROGRESSIVE FORMS OF M S .

Outcame index Intexval‘to
progression
(years)
Hyperacute 1.7 « 1.1
Acute 6.0 £+ 3.9
Subacute 8.4+ 3.4
Intermediate 13.3 % 6
Benign 10.6 £ 3.7
Not classified 4.3+ 3.4

(Variance analysis ; p < 0.001).

29
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CONCLUSION.

Whatever strong are correlations between some clinical characteristics
and prognosis, it must be noted that it is not yet possible to correctly
predict outcome facing individual M S patients. Therefore, data collection
from any M S case examined in the Department is going on, and, to date,
there are more than 800 such cases. Further evaluation of lumbar puncture
data, notably C S F cytology and genetic markers is currently investigated.
Stochastic models of the course of M S are in elaboration.
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A Comparative Study between Multiple Sclerosis
Out-patients and In-patients staying at a specialized
Multiple Sclerosis Clinic

R. MEDAER, M. PUYSTJENS and H. CALLAERT

INTRODUCTION

Data concerning the disability and the home situation of M.S.
patients are virtually non-existing. Therefore, regional and national
planning of resources is difficult. There are no statistical data
concerning the reasons of admission in a specialized M.S. clinic.

In 1983, an investigation was initiated in order to make up a
profile of multiple sclerosis in- and out-patients. The goal was to
trace differences between the two populations. The role of a M.S.
clinic should become more clear; also, advices could be formulated

to promote a longer stay in a home environment.

MATERTAL AND METHODS

The study was carried out from July 1983 to July 1984. In the M.S.
and Rehabilitation Center Overpelt, 105 M.S. patients were evaluated.
At home, social workers of the M.S. Society evaluated 319 M.S. patients,
at random, across Flanders. In order to quantify the patient parameters,
the Minimal Record of Disability (Slater, 1984) was used. In the M.S.
clinic, the MRD was scored by a neurologist (E.D.S.S.), a nurse (I.S.S.)
and a social worker (E.S.S.) For the in-patients, the MRD was entirely
scored by a social worker. (Table 1-2-5-6) .
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By means of statistical analysis, a search for differences between
out- and in-patients has been carried out by use of t-tests and Wilcoxon-
Mann-Whitney tests. The level of significance was set at 5 percent.
The dependence between E.D.S.S. level and residence is studied by means
of a contingency table. An analogous study was performed on the
progression rate and the population subgroups.

RESULTS

Demographic data
In all, 427 patients were examined (table 1). The mean age was
51.0 years.

Table 1 - Demographic data

Populat. Outpatients Inpatients Total
Population
) g P
n=125 n=194 n=50 n=55 n=427
Items X s.d. X sd. X s.d. X s.d. X s.d.
Age 51,1 11.8 50.6 11.8 50.0 10.7 51.5 11.7 51.0 11.61
Duration of
illness 20.4 10.6 20.0 11.2 19.9 9.2 19.5 11.8 20.1 10.9
Age beginn.
of illness 31.1 10.2 30.6 9.6 30.1 9.1 32.0 10.1 30.9 9.8
EDSS
(Kurtzke) 6.7 1.8 6.7 1.7 7.4 1.6 7.3 1.6 6.9 1.7
Progression
rate 0.45 0.34 0.49 0.45 0.46 0.3 0.56 0.44 0.48 0.4

Sex Ratio F/M 1.55 1.10 1.42
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There were no significant differences between both populations, and
between sexes. This was also true for the mean duration of illness
(20.1 years) and the distribution of the mean age of onset (30.9 years).
The sex ratio for the in-patients was 1.55, and for the out-patients 1.1.
The difference between the two values is statistically significant.

The Expanded Disability Status Scale (E.D.S.S.) and Progression Index
Between the two populations the difference concerning the mean score

for the E.D.S.S. was highly significant (table 2.) For in-patients, the
mean score is 7.4, indicating that the patient is "unable to take more
than a few steps; restricted to wheel-chair; may need aid in transfer;
may require motorized wheel-chair". For the out-patient, the mean score
is 6.7, meaning that the patient is "in need for constant bilateral
assistance to walk about 20 meters without resting". This applies for

both male and female patients.

Table 2 - E.D.S.S. and Progression Index

Home patients

MS clinic

e e e

Total

population
d Q d Q
X s.d. X s.d. X s.d. X s.d. X s.d.
EDSS i
(Kurtzke) 6.7 1.8 6.7 1.7 f7.4 1.6 7.3 1.6 6.9 1.7

Progression 0.45 0.34 0.49 0.45 .0.46 0.3 0.56 o.44§o.48 0.4

Significant difference for Kurtzke score (p = 0.0003)
No significant difference for progression index (p <0.05)

When the E.D.S.S. is further split up, a highly significant
relationship is found between the degree of disability and being at
home or staying in the clinic. (chi2 = 19.05 with d.f. = 3). The group
scoring higher than 8 is overrepresented in the in-patients (table 3.)
The course of the disease was investigated using the progression index
(Poser et al., 1982) : E.D.S.S. score divided by disease duration in

years.
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Table 3 - Relation between E.D.S.S. and home - clinic

E.D.S.S.

0-4 4.5-6 6.5-7.5 8-10 Total
Home 31 (9.7%) 77 (24.1%) 104 (32.5%) 108 (33.7%) 320 (100%)
Clinic 6 (5.7%) 15 (14.1%) 24 (22.6%) 61 (57.5%8) 106 (100%)

Total 37 92 128 169 426

Chi® = 19.05 with d.f. = 3

Highly significant relationship.

For the total population, the progression index was 0.48. There is
no statistically significant difference between in- and out-patients
(chi® = 7.13 with d.f. = 6) (table 4.)

Table 4 - Population subgroups according to Progression Index

Progression Population subgroups
Index Ghome  clinic Qhome Qclinic Total
<0.3 45 16 76 16 153
0.3< p.i. < 0.6 58 23 76 21 178
20.6 22 10 39 18 89
total 125 49 191 55 420
chi® = 7.13 with d.f. = 6

No significant relationship between progression index and subgroups.

The cumulative frequency of the progression index is showed in
figure 1 and 2. The steeper the rise, the better the evolution. For the
statistically revelant interval of 0.3-0.7 for the progression index,
the mean difference is 3% for males and 10% for females in the favour
of the out-patients. Thus, the more benign cases with a slower progress-

ion are found in a higher proportion in the out-patients.
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The Incapacity Status Scale (I.S.S.)

The data are summarized in table 5. There are highly significant
differences (p<K0.0l) for stair climbing, ambulation, grooming and
medical problems. The difference is significant (p << 0.05) for transfers,

bowel function, dressing and feeding. There were no significant differ-
ences for bladder function, vision and mentation. A clear similarity

was found for bathing, speech and hearing, fatigability and sound

function.
Table 5 - Incapacity Status Scale
Populat. Outpatients Inpatients Total Signific-
g Q g Q popul. ance
Items n=125 n=194 n=50 n=55 n=427 out/in

¥ sd. ¥ sd. X sd. ¥ s.d. X s.d.

Stair climbing 2.9 1.2 2.91.1 3.31.2 3.31.1 3.01.14 h.s.

Ambulation 2.81.3 2.71.2 3.31.2 3.11.3 2.81.3 h.s.
Transfers 2.11.2 2.11.2 2.41.4 2.51.5 2.21.3 s.
Bowel funct. 1.11.2 1.31.2 1.61.4 1.51.4 1.31.2 S.
Bladder funct. 1.21.1 1.51.2 1.61.5 1.91.4 1.51.3 n.s.
Bathing 2.71.3 2.51.3 2.61.4 2.71.3 2.6 1.3 n.s.
Dressing 2.31.6 1.91.5 2.61.4 2,51.6 2.21.6 s.
Grooming 1.61.6 1.41.5 1.91.5 2.01.6 1.6 1.6 h.s.
Feeding 1.21.2 1.11.2 1.51.3 1.51.4 1.21.9 S.
Vision 1.3 0.8 1.20.9 1.30.9 1.50.8 1.30.9 n.s.

Speecht+hearing 0.6 0.9 0.5 0.8 0.4 0.6 0.5 1.0 0.5 0.8 n.s.
Medical probl. 1.7 1.1 1.8 1.2 2.7 1.5 3.01.3 2.01.3 h.s.
Psych. funct. 1.00.9 1.00.9 1.21.2 1.41.3 1.1 1.0 n.s.
Fatigability 2.51.3 2.71.0 2.31.2 2.91.2 2.6 1.2 n.s.
Sexual funct. 2.91.5 2.61.6 2.81.5 2.81.6 2.71.5 n.s.

h.s. = highly significant
s. = significant
n.s. = not significant

The Environmental Status Scale (E.S.S.)
Three major differences were found at the expense of the in-

patients (table 6) : personal residence/home, actual work status and
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comunity services (for each item p<K0.0l). On the average, in-patients
are out of work and are indeed no longer capable of working, their home
needs major modifications, e.g. central heating, extensive ramps,
renovation of several rooms, elevator ... More than 3 hours of comunity
services per day are required. The out-patients show another picture :

a job up to one quarter time is possible, only moderate modifications

of the home are needed, such as replacing doors, renovation of a room,
installing a simple ramp, and the community services required are limited
on the average to one hour per day.

Smaller, but still statistically significant differences (p < 0.05)
are found for financial/economic status, personal assistance required
and transportation. The situation for the in-patients is worse :
he is financially more dependent, he needs more help from others in the
activities of daily living (on the average three hours instead of one
hour for the out-patients) and transportation should be especially
adapted. The out-patient on the other hand is able to use standard
private transport. Public transport is not suitable for both populations.

Table 6 - Environmental Status Scale

Population Outpatients Inpatients Total Signific.
g g Q populat. out/in
n=125 n=194 n=50 n=55 n=427
Items X s.d. X s.d. ¥ sd. X s.d. ¥ s.d.
Work 4.21.5 3.91.5 4.71.3 4.51.2 4.21.5 h.s.
Financ./Econom. 2.3 1.3 2.1 1.3 3.01.6 2.2 1.5 2.3 1.4 S.
Home 1.6 1.5 1.51.6 3.01.7 2.81.9 1.8 1.7 h.s.

Pers. ass. req. 2.4 1.5 2.91.3 3.01.5 3.11.6 2.81.4 s.
Transportation 2.8 1.2 2.8 0.9 3.1 1.1 3.21:.2 2.91.1 s.
Comm. health s. 2.01.4 1.91.5 2.71.3 3.31.1 2.21.5 h.s.
Societal role 2.71.0 2.61.0 2.81.4 2.81.4 2.71.1 n.s.

CONCLUSIONS

The population we investigated showed a higher mean age and
longer mean duration of illness compared with epidemiological studies
focused on case-finding, and is therefore probably not representative
for the total M.S. population in Flanders; patients with recent
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diagnosis and benign cases do not often stay at a M.S. clinic, and are
obviously seldomly member of the M.S. Society. Nevertheless in our study
out- and in-patients can be compared quite well : they have the same
mean age, duration of illness, age at onset. The mean age of onset falls
in the same range of those found in other reports (Acheson, 1977;

La Rocca et al, 1984; Madonna et al., 1984; Sheperd, 1979).

The sex ratio confirms the preponderance of females in M.S. (La Rocca
et al., 1984; Madonna et al., 1984; Poser et al., 1982; Sheperd, 1979).
Although not statistically significant, there is a clinical trend
towards more men being present in the in-patients.

The progression index has the same dimensions as mentioned by other
sources (Lauer et al., 1984a-b. Again there is a clinical trend towards
more rapid progression for the in-patients.

Analysis of the different items of the I.S.S. and E.S.S. demonstrate
quite important differences.

The problem profile of the in-patient is as follows : he is
restricted to a wheel-chair - stair climbing is impossible. The risk
for complications such as bedsores, contractures, and urinary tract
infections is quite severe. Working is no longer possible. Staying at
home would require major structural home renovation. Community services
are required up to 5 hours per day. Also worth mentioning is that
activities such as transfers, defecation, dressing and eating are
somewhat more difficult for in-patients. The financial status is worse
and transport requires a specially adapted vehicle.

The out-patient has a quite different profile : he is able to walk 5
meters, longer distances require crutches or a wheel-chair. A doctor' s
call every three months suffices. Working is possible, although limited
to one quarter time at the most. The home requires only moderate
alterations. One hour of community services per week is sufficient.
Assistance in activities of daily living are needed for about one hour
per day. Transportation is possible by a standard car.

Apart fram the differences, there are some points of similarity that
are quite striking. Disturbances of sexual function and bladder
function are as frequent in the out-patients as in the in-patients.
This confirms other investigations where no correlation was found
between disturbances of sexual function on the one hand and disability,
age or duration of illness on the other hand (Minderhoud et al., 1984).
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In conclusion we would like to propose advices in order to permit

a longer stay of M.S. patients at home or in a sheltered environment.
Points that should be stressed are :

° adaptation of the home : this will have to be extensive and requires
expert opinion.

assistance in activities of daily living by ADL workers at hame.

more attention towards prevention of complications such as decubite,
contractions and urinary tract infections.

more treatment at home by nurses, social workers, physiotherapists, ...

acting as a team.

o

adapted means of transportation, e.g. by means of special vans.
Realisation of these advices requires extensive efforts from both
society and home environment.

If acquaintance with a M.S. clinic could be made possible in the
earlier stages of illness, information about the actual therapeutical
possibilities would possibly limit the group with very severe medical
and social problems.
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5
Incapacity and Disability in Multiple Sclerosis

J. M. MINDERHOUD, A. ]. A. PRANGE and H. DASSEL

INTRODUCTION

The data used in this paper on the incapacity and disability caused
by multiple sclerosis, were obtained from an epidemiological study in the
province of Groningen, in the northern part of The Netherlands. A1l known
patients with a definite and probable diagnosis MS in this area, with
about 560.000 inhabitants, were examined and scored. This included their
history, the neurological examination (Poser, 1978), the Disability
Status and the Functional Disabilities (Kurtzke, 1961, 1975) and the
Incapacity and Environmental Status (IFMMS).
With a prevalence of 56.25 per 100.000 inhabitants and a mean incidence
of 2.16, 315 patients could be included in this study.

RESULTS

In contrast to many other studies we did not find a bell-shaped
distribution of the frequencies of the DSS, as was stated by Kurtzke
also, but a double bell-shaped distribution around DSS 2 and DSS 7
respectively (fig. 1 and fig. 2).
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Fig. 1  Distribution of DSS of all MS patients (n=315) included in the
epidemiologic study (m).0O: the percentages of patients staying
in nursing homes, rehabilitation centres or hospitals.

Fig. 2 Distribution of DSS of MS patients with an intermittent/progres-
sive course (m), and those with a progressive course of the
disease only (O).
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Patients were divided into a group starting their signs and symptoms with
a course with ups and downs, and a group with a progressive course of the
disease only. The first signs and symptoms of MS in these groups were
found respectively at the mean age of 30.1 years and at the mean age of
36.7 years. The fact that the patients as well as their examiners could
exactly determine the year in which the progression of the handicap
started to be continuously in patients with an intermittent course before,
and that the mean age of the patients at which this happened did not
differ clearly from the mean age at which signs and symptoms of the
patients with a progressive course only had started, stressed the hypo-
thesis that multiple sclerosis is a disease with a progressive course
and handicap, although about two-third of the patients encountered an
intermittent onset.

TABLE 1 Data of the groups of patients included in this study

Intermittent course Progressive course

Number of patients 224 (71.1%) 91 (28.9%)
Mean age of first signs

and symptoms 30.1 years 36.7 years
Mean age of start of

continuous progression 36.5 years 36.7 years
Males:females 1:1.73 1:1.11

Even prior to the onset of clinical signs, fatiguability could be
present for many years.
Factoranalysis of the scores of the Incapacity Scale resulted in for
factors determining the handicap of MS patients (Minderhoud et al., 1984).
These factors were related to motor functions (mostly lesions of the
spinal cord), to lesions in the brainstem, cerebellum, optic nerve and
the cerebral hemispheres - taken together as supra-spinal lesions -, to
lesions causing bladder, bowel and sexual functions - probably caused by
separate lesions in the Tumbo-sacral part of the spinal cord - and to fa-
tiguability. The majority of the scores of the Environmental Scale cor-
related with the motor group of handicaps, although in patients with a
Tow DSS supra-spinal signs and symptoms and especial fatiguability
played an important role in their actual work status and their social
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activity. Also defects in the cluster of bladder, bowel and sexual func-
tions caused major problems related to social activity of the patients
with a Tow DSS (Minderhoud et al., 1984).

In patients with a higher DSS (more than 4) spinal-motor as well as supra-
spinal lesions play an important role in the total handicap in patients
with a progressive course only, as well as in patients who had an inter-
mittent course of the disease before changing to a progressive course.

CONCLUSIONS

In this study the results of the scoring of handicaps and disability
were used to study the pattern of handicaps in MS patients. Although
individual patients show various patterns of signs and symptoms, on the
whole an uniform pattern of the course of the handicaps in MS can be
found. This pattern shows that the basis of the course of the disease is
a progressive one, although this is preceded in many patients by an
intermittent onset and even by fatiguability which is often present
before any sign of the disease. Because of this pattern the progression
rate can better be calculated starting from the beginning of the progres-
sive course of the disease than from the beginning of the intermittent
phase.
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Immunosuppression with Cyclophosphamide in
Multiple Sclerosis Patients

R. E. GONSETTE and L. DEMONTY

INTRODUCTION

In a first clinical study (Gonsette et al. 1977), a short-term (2-3
weeks) intensive immunosuppression was induced by intravenous injection of
high doses of cyclophosphamide (CY) in multiple sclerosis (MS) patients
with a remitting-progressive form. After a follow-up for 2-6 years, it
appeared that a marked reduction of the annual relapse rate (ARR) as well
as a stabilization of neurological and functional disability were observed
respectively in 70 and 62 7 of the patients. The same beneficial effect
of intensive CY immunosuppression on the progressive form of the disease
has been observed by Hommes et al. (1980) and Hauser et al. (1983).

It was evident however that the beneficial influence of CY on the ARR
as well as on the long-term deterioration was transient and did not exceed
2-3 years in most patients. In order to extend the remission period, a

second protocol was designed, associating immune effects of intensive and

chronic administration of CY.
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MATERIAL AND METHODS

According to the second protocol, a maintained oral immunotherapy
with CY was instaured soon after the acute treatment. A daily dose of
50 mg CY was adopted since this dosage has proved immunologically effec-
tive in autoimmune diseases. Since intensive CY immunosuppression appea-
red more effective in active forms of the disease, the recruitement was
limited to patients experiencing frequent relapses (mean ARR : 1.39), with
a short evolution (mean : 4 years) and a disability no greater than 6 on
Kurtzke scale (mean : 2.27). Blood tests determinations as well as neuro-
logical and functional evaluations (Kurtzke DSS) were performed every 2
months. From January 1984, lymphocytes subsets longitudinal studies and
magnetic nuclear resonance examinations were included in the protocol.

The most frequently observed adverse reactions were gastritis, leuko-
penia, hepatotoxicity and secondary infections. Symptoms of cystitis were
taken seriously and in those cases CY was tapered or even stopped. A drop
out was observed in 43 patients (38 %) mainly due to gastric intolerance
and cystitis. A follow-up for 2 years and over was possible in 59 cases
(males : 36, females : 23) and the mean follow-up period at the present
time is 4.76 years.

CY dosage was 50 mg a day in 25 patients, and 50 mg every other day
in 34, totalizing 281 patient years observation (cumulative annual dose
9 to 18 g).

Side-effects of CY make blinded studies quite difficult. The group of
59 patients treated with combined acute and chronic CY immunosuppression
was therefore compared to 59 patients treated according to our first pro-
tocol with a single short-term immunosuppression. In both groups,
patients were matched as close as possible according to sex, age at onset,

duration of disease, handicap at entry, etc...

RESULTS

After a mean follow-up period of 4.76 years, the handicap remained
unchanged in 47/59 chronically treated patients (80 %) compared to 23/59
in the control group (39 7). The difference between both groups is signi-
ficant at the level p< 0.0l.

The stabilization of the disease was confirmed by the mild increase
of the Kurtzke DSS in patients with a chronic immunosuppression (2.44 at

the end of the mean observation period versus 2.27 at entry).
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In the same way, a marked influence of the ARR was observed (0.25
during immunotherapy versus 1.39 before treatment).

Immune effects of CY in treated patients were studied in longitudinal
determinations of lymphocytes subsets populations. The H/S ratio was defi-
nitely lower in the 21 CY treated patients (1.24) than in 33 non CY treated
patients (2.78). This restaured normal H/S ratio in CY treated patients
resulted from a decrease of H cells populations (treated : 36.57 7, untrea-
ted : 45.92 7) as well as from an increase of the S cells subset (treated :
30.34 %, untreated : 19.14 %). Differences concerning H/S ratio and sub-
sets populations are significant at the level p<0.05. In opposition no
significant changes were noted concerning panlymphocytes, NK and B cells.

Magnetic nuclear resonance control examinations are currently under

way but it is too early to draw any firm conclusion.

CONCLUSIONS

It has been shown in various clinical studies that the evolution of
MS disease can be temporarily arrested by an intensive, short-term CY
immunosuppression. Our recent results with a combined, acute and chronic,
CY immunotherapy show that this treatment is able to prolong the beneficial
effect of a short-term immunosuppression in 80 7 of the patients.

Potential immune effects of CY make this drug particularly suitable in
correcting immunological disturbances observed in MS. 1In our experience,
CY appears capable to restaure a normal H/S ratio by decreasing H cell and
increasing S cell populations. The same has been found by Hauser et al.
(1983) and Brinkman et al. (1984).

Moreover it has been demonstrated by Feringa et al. (1978) that after
complete spinal cord transection, a statistically significant increased
regeneration of descending motor axons was found in animals treated with
CY. This effect could be favourable in MS lesions too.

However, the risk of cancer has always been a major deterrent to wide-
spread use of CY. Three thousand clinical files of non-immunosuppressed
MS patients have been reviewed in our department. Among 330 reported
deaths, the cause was established in 257 cases and malignancies were found
in 27 (10.5 7). Out of 265 CY treated patients (296 patient-years), death
was reported in 37 and malignancies in 4 (10.8 7). According to our expe-
rience, cancer incidence appears to be the same in CY treated patients as

in non-immunosuppressed MS population.
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Subjective adverse reactions make chronic administration of CY quite
difficult. There is a hope however that lower doses or intermittent admi-
nistration produce the same benefit and less unwanted effects.

Interestingly enough it has been recently demonstrated by Lublin
(1984) that repetitive low doses of CY are definitely more effective than
higher doses in decreasing the incidence of relapsing EAE.

Even though CY is not the final treatment of MS, it appears that the
favorable results observed with this substance by several authors make
immune basis of MS a virtual certainty and are a strong incentive for

further researches in this direction.
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Anti-Lymphocyte Serum in Severe Multiple Sclerosis

R. MARTEAU, F. LHERMITTE and H. DE SAXCE

We present here the results of one-year treatment by anti-lymphocyte
serum (ALS) of severe progressive MS patients allocated randomly. This
study was made in the years 1978-1984. A1l these patients were followed
4 years.

MATERIAL AND METHODS
Patient selection: patients suffering of recent (< 5 years),

strongly progressive multiple sclerosis were selected. The diagnostic
criteria were those internationally used. The gravity and progressive-
ness of the disease were decided based upon the frequency of relapses

and the prompt deterioration of the functional handicap. A1l these pa-
tients had at first been treated with steroids, with no effect on the
progressiveness of the disease. Group 1 included 45 patients treated

with antilymphocyte serum; 39 patients suffered of incompletely remitting
relapses, with permanent deterioration after each relapse; 6 patients
suffered of directly progressive multiple sclerosis. There were 20 men
and 25 women, 30 years old on average. Group 2 included 22 patients, 17
with relapsing forms and 5 directly progressive. There were 12 men and 10
women, 31 years old on average. Patients were first selected at random to
be in one or the other group.
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Treatment: Group 1: patients were treated by the combined applica-
tion of antilymphocyte serum, azathioprine (2 mg/kg/day) and prednisone
(20 mg/day). Group 2: patients were treated with azathioprine and pred-
nisone only, same dosage. Antilymphocyte serum was prepared by Institut
Mérieux. A 5 ml vial contained 62.5 mg of active proteins; several lots
were used, which are now standardized. The serum was applied through slow
intravenous infusion, taking 4 to 6 hours. Infusions were made every day
for the first 2 weeks, 3 times a week for the following 2 weeks. The 1-
year continuous treatment consisted of 1 infusion per week or 4 infusions
in one week per month. The average dose was 2 to 3 vials per infusion,
depending on the clinical and biological tolerance. Group 2 was treated
with the same quantities of azathioprine and prednisone for 1 year. The 2
groups remained on azathioprine during the 4 years of follow-up.

RESULTS

Treatment had to be discontinued in 7 patients: in 5 of them for 10-
th day serum disease (11% of the patients), in 2 for clinical and psychic
intolerance. Treatment was never discontinued for technical reasons. Va-
rious transitory fever and skin reactions were also noted on the day of
infusion cured by intravenous injection of prednisolone. Biological tole-
rance: the total lymphocyte count decreased temporarily. The platelet
count decreased during the treatment due to antiplatelet effect of the
antilymphocyte serum. This transient decrease was readily adjusted through
dosage reduction or momentary interruption of the treatment. Proteinuria
was always negative. Equine antiglobuline antibodies (see table III): 35
files were examined. The antibody titer was measured before, during, at
the end of the initial treatment and monthly thereafter. For 21 patients,
titers remained negative, regardless of the sampling period. For 12 pa-
tients, antibody titers increased sharply between day-10 and day-20. For
2 patients, titers increased slightly. 5 of the patients showing positive
increase in their antibody titer had a day-12 serum disease. Treatment
was maintained for the other patients. The level of E-rosette was regular
before treatment for all files. After treatment this level decreased in
10 cases. The level of the C3 and C4 complement was normal in 31 out of
32 cases before treatment. Therapeutical results were always evaluated
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based upon the frequency of bouts (table I) and the disability scale
(table II).

CONCLUSTONS

Our former pilot study (Lhermitte et al., 1979) about 50 patients
treated during 6 weeks by ALS, corticosteroids and azathioprine showed
Tow incidence of side-effect, effective immunosuppression, as measured
by cutaneous tests during treatment and lasted 2 months after; 4 years
after treatment 22% of patients were still improved (only recent patients
(<5 years).

This randomized study confirms that the adjunction of intravenous
ALS improves significantly the effects of corticosteroids and azathio-
prine at 1 and 4 years after, as evaluated by disability scale: all the
improved patients have no equine antiglobuline antibodies. If no equine
antibodies appears, duration of treatment can be up to 1 year. As sugges-
ted by different authors (Brendel et al., 1974, Frick et al., 1974,
Lance et al., 1975, Seland et al., 1974) ALS treatment can alter the rate
of progression of severe MS unresponding to classical immunosuppression
and can be used under strict medical monitoring for patients suffering
of recent MS (< 5 years).

Table I. Bouts-rate.

There is no significative difference in the 2 groups

1 year 2 years L4 years
Group I 11 14 7
A.L.S. + C + A
Group II 8 11 9

C+A
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Table II
Comparative analysis of disability scale, patients followed 4 years

improvement is significatively higher at 1 and 3 years.

Years Improved Stable Aggravated
1 I 18 11 9 ><2 = 4.25
II 3 9 10 p<0.05
1
2 I 3 8 17
II 2 5 15
3 I 7 — 22 ’,,,_15 16 ;42 = 6.12
II 2— 5 -3 17 p <0.01
M I 7 ~ 16— 9 22
11 2\ 6—-/” 15
Table III

Equine antiglobuline antibodies. All the patients improved have no

equine antiglobuline antibodies.

45
Negative Positive

21 14

18 patients improved

no improvement

stop (serum sickness)

low high
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Long-term Prescription of Azathioprine in Multiple
Sclerosis. A Review of Published Series

O. SABOURAUD and M. MERIENNE

INTRODUCTION

The interest of Neurologists for the utilisation of continuous immuno-
suppression during many years in the treatment of Multiple Sclerosis
arouse even before Azathioprine was available. Around 1968 Azathioprine
became the major prescription in this field. It was supported by the
clinical observation of severe cases, with frequent attacks and unin-
terrupted progress of the physical disability, who under treatment were
apparently stabilized for years with no further worsening of their neuro-
logical status. Such results were collected in a few centers and seemed

to deserve further studies. Randomized double blind studies have been
achieved during the period 1978-1982 ; but they failed to show clear
differences between the treated patients and thecontrol untreated group.
The question then had to be considered : were the first clinical observa-
tions a false evaluation through multiple biases, as it occurs too easily
with open, non formalized trials ? or was there some limitation in the
randomized double-blind procedures ? This questioning is justified on

two important points. 1) The double-blind studies are of relatively short
duration, one or two years much shorter than the pilot studies. 2) The
cases entered in the double-blind series look relatively mild if compared
to those selected for the open trials. For instance the control cases did
not deteriorate during the period of the study or did so very moderately
(one step in the scale) some of them even improving their score. The cases

in most of the open studies were selected on the basis of a permanent
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deterioration ot the clinical state, with an increasingly severe disabi-
lity.Following these remarks, the assessment about a possible therapeutic
effect of Azathioprine should not be considered as brought to an end by
the published double-blind trials. Another source of information is to be
found in some reports on treatments started in the years 1968-1972 and
continued for many years.

The long-term experience with Azathioprine

Studies have been published, whose main interest is the long period of
treatment (4 to 10 years or even more) and the duration of observation
from 4 to 15 years or more. Four studies belong to this group :

Rosen (1979), Aimard et al. (1980), Sabouraud et al. (1983), Lhermitte et
al. (1984). All of them bring arguments in favour of some efficacy of

the treatment, at least on some forms of Multiple Sclerosis. Nevertheless
this agreement has to be discussed as the studies are not truely compa-
rable. The report by Rosen accounts for two studies. The first is a

pilot study on 85 patients treated with azathioprine for 6 to 14 years
(average 9 years) All were selected because their neurological state
deteriorated in the pre-treatment period on at least three semi-annual
examinations. The assessment was on the basis of Mc Alpine mobility scale.
Less than 10 7 of patients under treatment had progressed from an ambu-
latory to an immobile status, which was considered different from the
evolution predictable according to the natural history of M.S. The

second study deals with a population of 42 patients (different from the
preceding group), aged 35-50 years, randomised into treatment and control
groups, all of them selected on the basis of the progressive course of

the M.S. for 3 years. At the end of 3 to 6 years, 65 7 of the untreated
cases were in wheel-chairs or worse, as compared to 9 7 of the treated
group. In these data, we can underline the large group and the long
duration of the pilot study, and the realization of a long randomised
trial.

Aimard et al (1983) have conducted a prospective study on 175
patients, treated between 1977 and 1980, Of the 175, 128 had a remittent
course (i.e. attacks clearly identified) with an average of 4, 7 years
of pre-therapeutic observation, and of 4 years under Azathioprine. They
were compared to another group of 78 patients, with the same duration

and characteristics of the disease, but not selected at random. The
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results were judged on the occurrence or absence of a worsening of the
symptoms during the period of trial (worsening either through the evolu-
tion of attacks, or following a continuous course) 53 7 of the control
group has deteriorated, as compared to 187 of the treated group. Among
these 187, 10% of the whole population (128) has shifted from an inter-
mittent to a continuous course. Aimard et al. conclude that treatment
started at the remittent period of the disease increases delays
between attacks, decreases the percentage of cases presenting with a
worsening of disability, decreases the percentage of cases shifting to
a continuous progression. Treatment at the continuous progressive phase
seems to slow down the rate of progression of the disease.

Our own series (Sabouraud et al. 1983) concerns the follow-up of an
open study initiated in 1968. 102 cases were started on Azathioprine
before Dec. 1972. They were selected on the basis of a worsening of
their neurological status established through an observation of 12
months minimum. 35 stopped during the first years. 67 cases have main-
tained the treatment during 5 to 10 years. The evolution was evaluated
with the Kurtzke disability scale, with no control group.27 cases deterio-
rated, following a continuously progressive course. 40 cases remained
stable during years of treatment : all had followed a remittent course
(although with incomplete remissions) until the treatment started. A
deterioration through a series of attacks was not observed under treatment

Lhermitte et al. have published the evaluation of 145 cases treated
with Azathioprine for an average of 5 years 8 months : 71 over 5 years,

32 over 10 years. The observation leads to separate the cases with attacks
(97) and the cases with a progressive course and no attacks (48). In the
first group (remittent forms), 63 (65%) are stabilized, 34 (35%) are in
a worsened state. In the second group (continuously progressive) 17(35%)
are stabilized, 31 (657) are worse. The evaluation is made through a
scale of neurological state and disability described by the authors.

The conclusion is in favor of an efficacy of Azathioprine on the course
and aggravation of M.S. in the remittent forms. No effect is recognized

in the continuously progressive form.

Discussion
These 4 attempts to assess the effect of prolonged Azathioprine adminis-
tration show differences on many points. 1) There appears to be a dis-

crepancy between the study by Rosen and the three French series. The
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first one stresses the non-remittent evolution of the cases during the
pre-treatment period of the whole group treated (with favourable effect).
The other three separate remittent forms with good results, from conti-
nously progressive evolution with no results or difficult to demonstrate.
In fact this difference may be mainly a matter of terminology. As studies
2 and 3 insist on the aggravative course of the cases treated,'remittent"
forms designate cases of M.S. where exacerbations can still be identi-
fied leading to permanent symptomsin a stepwise fashion. In the presenta-
tion by Rosen, no mention is made of exacerbations,so that "non remittent"
probably indicates the end of true and complete remissions often chara-
teristic in the first phase of M.S. evolution. Actually the number of
cases collected by Rosen may give an indication that remittent forms
which continue to experience episodic exacerbations while in a secondary
worsening phase are included in the study. (continuously progressive
cases being much less frequent). 2) The selection of severe cases is part
of the methodology in studies 1, 3, and 4sAimard et al in the 1983 publi-
cation stand apart as they do not mention this criterion ; their group

is also somewhat different from the orther 3 because treated earlier in
the course of the disease. 3) The duration of treatment is limited in
Rosen's randomized study and in Aimard's group. It covers a wide range

in the group published by Lhermitte.It is prolonged (average around 9
years) in Rosen's pilot study and in our own.

Thus the group of patients and the evolution are defined in different
ways. Nevertheless all four studies happen to consider as the essential
parameter the duration of a stabilization, i.e. a stop in the progres-
sion of symptoms. The arrest in deterioration is appreciated through

a comparison of the scores along different disability scales. It seems
remarkable that the duration of stabilization has appeared as the most
easily appreciable parameter. This conclusion justifies the prolongation
of the survey : as the number of years with no evolution grows, the
efficacy of the treatment becomes more probable. A consequence of prolon-
ged trials is that the use of placebo for years or the attitude of no
treatment for controls may be open to critics. Related to this very long-
lasting observation the change in evolutive modality, described as ente -
ring a continuous progressive deterioration, with no more exacerbation,
stands as a major event. This point has been particularly emphasized by

Confavreux in the description of 349 untreated patients. It becomes
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perhaps more important with Azathioprine treatment, as this type of dete-
rioration does'nt seem much accessible, if at all, to the therapeutic
effect. This remark may have an incidence on the physio-pathologic
hypotheses.
If the effect of a permanent treatment with Azathioprine needs 10 years or
more to be recognized, the final issue will ask even a longer period of
observation to be established, the question being whether the treatment
post-pones or suppresses the risk of entering a severe and progressive
deterioration.

Finally the probability that Azathioprine may bring the lesions of
M.S. to an inactive state does not mean that this kind of treatment can
be generalized. Among the complications, some are only difficulties in
continuing the treatment : the digestive troubles and pain are in this
category. Some happened to be rare and controllable, such as infections
or transitory drops in blood cell counts. The consequences of long
treatment with Azathioprine in the development of malignant tumors and
hemopathies cannot be ignored : it is sufficiently rare to be inapparent
in studies 1 and 2 summarized above. It is documented in the study by
Lhermitte et al. and in our own casuistic. Patients must be informed of
the risk. And treatment should be strictly reserved to severe cases

when a severe disability is threatening.
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Azathioprine Assessment in Progressive Multiple
Sclerosis. Clinical Aspects

I. E. ZEEBERG

INTRODUCTICON

The picture of multiple sclerosis (MS) can be specified in terms of
clinical type and clinical course, but few diseases offer greater diffi-
culties in prognosis.

Established parameters of disease activity and progression in the in-
dividual patients are limited and because of the unpredictable course of
MS as a whole, the assessment of treatment is notoriously difficult.

Investigators of MS generally recognize that treatment should affect
both relapses and progression. If treatment is used for the acute relapse,
we expect the frequency, severity and duration of the relapses to be dimi-
nished. However, in the long term, slow progression of neurologic signs
and symptoms may become more significant than relapses.

Although there has been a number of trials of immunosuppression with
azathioprine in MS, its value is not conclusively established and indica-
tions not yet defined.

To give a full review of this controversial field is an impossible
task on an occasion such as this. I have decided, therefore, to concentra-
te my presentation on one aspect only, namely the number of patients exhi-
biting chronic progression and the rate at which this progression occur.
In my opinion this is the most precise measurement of efficacy and if con-
ducted on allocated groups in a double-blind trial the most reliable guide
for possible effectivenes of treatment. It is my hope, that this restric-
ted aspect may provide a framework for the discussion not only for the in-
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dication of azathioprine, but even more to clinical and methodological
questions and the interpretation of immunosuppression.

Notable negative studies are recorded (fig. 1 and 2).Cendrowski 1971
in his prospective controlled trial reported 10 patients with a slowly
progressive course which had identical mean disability status score before
and immediately after immunosuppression, but 5 of them suffered afterward
fram continous progression within the first year.

Silberberg et al. 1973 mentioned the condition of five out of six pa-
tients with chronic progressive course prior to administration of azathio—
prine, who continued to deteriorate.

Mertensetal. 1977 acknowledged that 7 out of 10 chronic progressive
patients continued to worsen in spite of the therapy.

Aimard et al. 1980 reported on 27 patients treated with immunosup-
pression during progressive phase. In all patients disability worsened and
three patients died. The authors emphasized that treatment was given in
advanced cases and lack of efficacy still needs to be demonstrated in ini-
tial progressive forms.

Dammasch et al. 1980 have reported no influence on secondary chronic
progression (11 patients) and no change in primary chronic progression
(7 patients).

Frick et al. 1980 treated 24 patients with chronic progressive course.
Deterioration occurred in 14, 10 remained unchanged and expected progres-
sion ceased, which might be regarded as a favorable effect.

In a summary of 213 cases of MS treated with azathioprine by Aimard
et al. 1983. 47 patients with the progressive forms was evaluated. The ra—
tio of total disability scores to number of years of observation was re-
ported reduced in treated when compared with control patients.

Patzold et al. 1980 in there open controlled prospective study of 107
MS patients, randomly allocated into two groups, in which one group of 56
patients was treated with azathioprine for two years or more. Deteriorati-
on of control group was here found twice as rapid as the treated group
over a period of at least one year. Duration of MS in each patient, how-
ever, had an important influence on response to drug. Those with a history
of MS longer than two years prior to start of therapy had no significant
change in the course of their disease.

On the other hand, the goal of halting progression in an open study
has been reported by Rosen 1979 where only 2 out of 22 chronic progressive
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MS patients went from a "markedly restricted mobility" to "immobile - con-
fined to wheelchair" status while receiving azathioprine. Ten out of twen-
ty untreated patients made such a change, 1 died and 2 became bedridden.

Concerning our own double-blind, group comparison study, the results
surprisingly appeared to be more than a "holding action", both for the
placebo and the azathioprine treated patients. No serious side-effect oc-
cured but the risk of adverse effects in the azathioprine treated patients
has otherwise been considerable in nearly all of the studies quoted.

MATERIAL AND METHODS
The material potentially covered all clinically definite MS patients

(according to the diagnostic criteria of Schumacher) in regular control at
a neurological department. The 36 patients (?: 18, d: 18, mean age 37.4)
all had symptams of non primary progressive course of MS as demonstrated
and statistically evaluated in monthly repeated neurological examinations
through at least a one year pre-treatment period. The patients were allo-
cated into comparable groups for azathioprine or placebo treatment accor-
ding to pre-trial progression coefficient, histocompatibility (DR2), sex,
duration of illness, age and neurological deficit. The patients were ad-
mitted into treatment in parallel over eight weeks during autumn 1979 (17
patients), 1980 (7 patients) and 1981 (12 patients). During the trial, the
prior drug treatment was continued and changes were made only according to
the indications usually practiced in the department.

The cytostatically treated patients received a daily dosage of 2-23%
mg/kg body weight azathioprine in order to maintain a white blood cell
count < 5 x 103 (wBD) /microl. Therapeutic management was handled from ano-
ther department and independent of the clinical examination as well as un-
known to the neurologist. Each patient was examined at intervals of appro-
ximately 4 weeks using a neurological scoring system, where each sign and
symptam was graded clinically and converted by a computer program into a
total neurological deficit, expressed as a percentage of a hypothetical
maximal deficit, which quantified the state of the disease. For each pati-
ent the neurological deficit was plotted against time, and the rate of
change of neurological deficit - regression coefficient - was calculated.
The regression coefficient for patients treated with azathioprine of pla-
cebo were compared by the Mann-Whitney rank sum test and the mean rate of
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progression in the two groups was calculated from square root transformed

values.

RESULTS

The clinical course of the 36 patients (17 azathioprine, 19 placebo)
calculated after 12 months of treatment, was compared and found without
significant difference concerning the progression coefficient for the pla-
cebo and azathioprine treated group (fig. 3). For the individual course in
the one year pre-treatment period, compared with one year of treatment,
mean rate of progression changed from 2.89 to 1.26 (percent of total neu-
rological deficit per year). So regardless of treatment given a remarkable
statistically reduction in the rate of progression was found for the pati-
ents in the trail. For the selected part of the patients who recieved more
than two years of treatment, similar calculations were equal in general
outcome. Further in these patientgroups, by use of Kurtzke disability sta-
tus score after the termination of the trial 1982/83, no difference could
be demonstrated and even though a posttrial overall significant change in
disability deterioration in the placebo was shown (fig. 4) at least two
years azathioprine treatment did not offer significant effect over placebo
in the first 15-18 months period after the treatment (fig. 5).

CONCLUSION

Although the experience with azathioprine appears to have same bene-
ficial effect on the progressive course in MS, no significant difference
to placebo has been demonstrated in a double-blind trial with allocated MS
patients, in pretrial steady progress and treated for a period of one to
three years. Azathioprine is suitable to carefully controlled clinical
evaluation in order to determine as closely as possible what the efficacy
might be, but other approaches to symptomatic and curative treatment must

continue.
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Dietary Therapy in Multiple Sclerosis

D. BATES

Introduction

Epidemiological data provided the first evidence of an association
between multiple sclerosis (MS) and the consumption of dietary fats
(Swank, 1950). More recent reports have confirmed a higher prevalence
of MS in populations consuming diets rich in saturated fatty acids and
low in polyunsaturates (Alter =t al, 1974). Biochemical studies of brain,
serum and red blood cells have shown a deficiency of polyunsaturated
fatty acids, particularly linoleic acid, in patients with MS (Thompson,
1966).

This biochemical and epidemiological evidence prompted controlled
trials of dietary supplementation with linoleic acid during the 1970's
(Millar et al, 1973, Bates et al, 1978 and Paty et al, 1978). Although
two of these trials appeared to show some significant benefit for the
treated group, the third failed to show any effect. The suggestion was
made that the variation in results might be due to different
characteristics of the patients in the trials at the time of admission.
Those patients in the two trials showing benefit were, on average, less
disabled and had disease of shorter duration than those in the trial
which gave negative results. The present report is the result of a

reassessment of the combined results.
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Patients and Methods

(a) Patients
In all three trials only patients who were able to walk with or

without aids were included (Kurtzke D.S.S. 6 or less). A total of 172
patients were identified of whom 87 were treated and 85 were in the
placebo group (Table I). Sixty eight patients were male and 104 female
with a mean age of onset of disease of 29.4 years and a mean duration of
disease of 11.0 years. The mean age at entry to the trial was 40.4 years
and the average of the Kurtzke D.S.S. at entry to the trial was 3.2.

Patients were assessed neurologically at intervals of six to 26
weeks and relapses documented and scored (Millar et al, 1967). Patients

were followed for 24 to 30 months.

TABLE 1

Patient Characteristics

Treated Control
Number of patients 87 85
Men 31 37
Women 56 48
Mean age at onset of MS 30.2 28.5
Mean age at entry to trial 40.8 40.0
Mean duration of disease 10.6 11.5
Mean Kurtzke DSS at entry 3.3 3.2

(b) Treatment

Patients in each of the three trials were randomly allocated
to a treatment group receiving linoleic acid in a dose of 17.2 to 23 g
daily or to a control group receiving oleic acid in a dose of 7.6 to 16 g
daily. Assessment of serum lipids was made in certain patients at
admission to the trial, 12 and 24 months. No other dietary advice was

given to patients and other treatments were prescribed as necessary.
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(¢) Analysis

The cohort was divided into two groups with respect to
disability at admission and duration of disease. In terms of disability
the group with minimal disability had Kurtzke D.S.S. scores of two or
less and the other scores between three and six. In terms of duration
groups were identified with disease of less than five years, between
six and 10 years and over 11 years. For each level of disability and
duration of disease the statistical significant of differences between
the control and treated groups were tested for each of three variables;
change in Kurtzke D.S.S. during the trial, number of relapses occurring
and severity of relapses. Mann Whitney U Tests were performed because
of the ordinal level of measurement.

Results

The data with respect to change in Kurtzke score, number of attacks
and severity is shown in Table II. There is little difference in overall
disability or attack rate between the treated and untreated groups though

the severity of attacks is less in patients taking therapy.

TABLE II

Firal Assessments

Treated Control
Mean Kurtzke DSS at end 3.8 3.9
Percentage of patients with
relapses 63 59
Mean relapse score 15.3 26.5
Mean number of relapses/year 0.7 0.6

Mean duration of trial in
months 28.1 28.2
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(a) Change in Disability Scores

The mean changes in Kurtzke D.S.S. scores from admission to the
end of the trial for the two groups at each of the two levels of
disability on entry are shown in Table III. Patients with minimal
disability treated with linoleic acid have significantly less
deterioration over the two and a half years than those in the control
group. Patients with moderate to severe disability (Kurtzke three to six)
show no significant difference.

Table IV shows the mean D.S.S. at entry and at the end of the trial
for each of the two different disability groups and again
whereas the patients with moderate disability show a significant
deterioration whether treated or not, those with mild disability show no
significant change in the treatment group and a significant deterioration
in the control group.

In Table V is shown the change in disability scores for patients in
each of the three duration of disease categories where there is no

significant difference between the treated and control groups.

TABLE 1III

Change in Disability Scores

Mean Change

Disability at entry Treated Control
0 -2 0.12 0.81 P<0.05
3 -6 0.71 0.76 ns
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TABLE IV

DSS As a Function of Disability at Entry

Mean DSS
Disability at entry
Entry End
0-2
Treat. 1.4 1.5 ns
Control 1.4 2.2 p = 0.03
3-6
Treat. 4.8 5.5 p<0.0001
Control 4.6 5.4 p<0.0001
TABLE V
Change in Disability Scores
Mean Change
Duration at Entry Treatment Control
(years)
0-5 0.1 0.6 ns
6 - 10 0.5 1.0 ns
> 11 0.6 0.7 ns

(b) Relapse Scores
In Table VI the mean of the relapse scores for each patient

duration the course of the trial in both the treated and untreated groups
are expressed in relation to the two levels of disability at entry. There
is a significant difference between treated and untreated groups in both
the mildly and more severely affected patients. In Table VII assessing
the mean relapse score for different durations of disease again confirms

a significant difference that the relapse score is always lower in the

group treated with linoleic acid.
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TABLE VI

Relapse Scores Related to Disability

Mean Relapse Score

Disability at entry

Treatment Control
0 -2 12.2 22.8 p<0.001
3 -6 18.8 32.5 p<0.01
TABLE VII

Relapse Scores Related to Duration

Mean Relapse Score
Duration at entry

(years)

Treatment Control
0-5 12.6 25.4 p < 0.05
6 - 10 18.4 29.6 p < 0.01
> 11 14.9 24.9 p < 0.03

(c) Number of Relapses

Comparison of the number of relapses in groups with differing
severity and different duration fo disease reveals that there is no
statistically significant difference at any level of initial disability
or duration of illness (Table VIII).

Discussion

The re-analysis of the data from the original trials of linoleic
acid in MS confirms the suggestion that patients with minimal disability
at entry to the trials who were given active treatment showed
significantly less deterioration over the course of the trial than did
controls. In addition, it appears that treatment with linoleic acid

significantly reduces the severity and duration of relapses regardless of
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TABLE VIII

Number of Relapses

Mean number of relapses per year

Treatment Control
Disability
0 -2 0.8 0.9 ns
3 -6 0.6 0.3 ns
Duration
0-~-5 1.0 0.9 ns
6 - 11 0.8 0.6 ns
> 11 0.5 0.5 ns

the disability and duration of the illness but that there is no
significant effect on the frequency of relapses (Dworkin et al, 1984).

The reason for the apparent beneficial effect of linoleic acid on the
progression of multiple sclerosis and on the severity and duration of
relapses remains a mystery. One hyopthesis would suggest that linoleic
acid is involved in the regulation of cell mediated immunity (Mertin et al
1977) and, since multiple sclerosis may have an auto-immune basis
(McFarlin et al, 1982), the linoleic acid may have an immunosuppressive
effect. Linoleic acid reduces the severity of experimental allergic
encephalomyelitis (Mead et al, 1978) which effect may be mediated by
prostaglandin derivatives. It has been suggested that the effectiveness
of linoleic acid in reducing EAE is related to disease severity (Hughes D
et al, 1980).

Other studies of multiple sclerosis have reported a differential
response to immunosupressive treatment as a function of disability or
duration of illness. One uncontrolled clinical trial of intensive
immunosuppression with cyclophosphamide (Gonsette et al, 1977) showed
that response to treatment was greatest in patients with shortest

duration of illness. Hommes et al (1980) also found that patients whose
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disability at the start of treatment was low or who had the shortest
duration of illness showed the best response to treatment with
cyclophosphamide. These results are also in agreement with those of the
uncontrolled clinical trial of low animal fat and high polyunsaturated
fat diet reported by Swank (1970) who reported that patients with minimal
disability or who began treatment early in the course of their illness
showed little deterioration over a 20 year period of the disease.

The advantage of linoleic acid as a dietary supplement in multiple
sclerosis is that it is non-toxic, inexpensive and unlikely to cause the
patient hardship. Although potential benefit may be small, it would seem
worth encouraging the patient to take a diet high in linoleic acid and it
is evident that further studies to explain the nature of its action are
indicated and that other studies investigating different polyunsaturated

fatty acids may also be relevant.
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An 8 Years Follow-up Study of Transfer Factor
Treatment on the Course of Multiple Sclerosis

A. M. NORDENBO and I. ZEEBERG

INTRODUCTION

Transfer factor (TF) has been given to patients with multiple sclero-
sis (MS) in several trials hoping to modulate the course of the disease.
The rationale of these trials was based on the theory which relates MS to
a selective immuno-deficient state with a probable viral etiology, and the
fact, that TF enhances the in vitro immunological response in MS patients
(Zabriskie et al., 1975).

In the study of Behan et al. (1976) TF was given in a double-blind
trial camprising 30 patients who received treatment over 6 months. No ef-
fect of TF versus placebo was found. lio scoring system was used, but each
neurological deficit found on the initial examination was contrasted and
compared with that found on the final assessment. The patients chosen was
not defined as to type or course of the disease. Fog etal. (1978), encou-
raged by a previous study (Fog et al., 1977) carried out a double-blind
trial of TF versus placebo. The study was planned to last 2 years, but was
stopped after 13 months, since no significant effect was found by use of
canputerized scoring system and group camparison. Details of these pati-
ents, who comprise our follow-up material, are listed below. Neither Col-
lins et al. (1978) were able to demonstrate any significant difference be-
tween TF and placebo treated,carefully matched patients with MS. The
treatment period was here 12 months.

So far,controlled double-blind studies of TF versus placebo proved
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negative, but in 1980 Basten et al. published the results of a 2 years
treatment study in 58 patients. They reported a significant retardation of
the progression of the disease after 18 months of TF treatment. Less than
10% improved in each group.

No follow-up study have been presented in the literature. We have
therefore carried out an 8 years follow-up study to see whether previous
given treatment with TF had any long-term effect on the course of the pro-
gressive forms of MS.

MATERIAL AND METHODS

The 32 patients (18 females, 14 males, age 19-34 years) who in 1976

participated in a double-blind controlled trial (Fog et al., 1978) all had

MS of the progressive type, but were at the time of entry in the study not
restricted to a wheelchair. The patients in the TF and placebo treated
groups were matched according to disability, age, sex and HLA-type. The TF
was prepared from random donors.

Follow up 1984. All patients were contacted through their general
practitioner. One patient living far away was interviewed by phone and
information was obtained from her nurse and doctor. Hospital records were
also obtained on those deceased at the time of follow-up. The patients
were examined by one of us and scored according to the Kurtzke's disability
status scale and functional systems (Kurtzke 1983). The list of the treat-
ment given was delivered to us after the scoring of all patients.

RESULTS
In table 1 are listed the disability status scores of the patients
at the time of follow up. No significant difference between the two groups
can be demonstrated (Mann Whitney rank sum test).
Table 1

Disability status score at time of follow-up.

Kurtzke's DSS Placebo TF
5.0 < DSs < 6.5 7 6
7.0 <DSS < 7.5 1 3
8.0 < DSS < 9.5 6 5
DSS = 10 (dead) 2 2

N=16 N=16
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CONCLUSION

From the present study nothing indicates that TF prepared fram ran-
dom donors given for 13 months to patients with progressive MS has any
effect on the further course of the disease. Whether TF prepared from re-
latives offers anything in favour of TF prepared from random donors is
being tested in the ongoing trial of van Haver et al. (1984). At present
the studies published concerning the possible therapeutic effect of TF in
any form of MS is not encouraging as well as the validity of the theoreti-
cal foundation for the treatment still is questionable.
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Compact Manual for Multiple Sclerosis Registration
in Clinical Research

O. ANDERSEN, M. ANDERSSON, T. BROMAN and 1. ZEEBERG

INTRODUCTION

It has, since Charcot's time, been almost unanimously recognized that
the course of MS may take the form of bouts, or it may be chronically pro-
gressive, either from the onset or after a number of bouts. The essential
histological and immunological difference, if any, between bouts and pro-
gress is still a matter of debate. Apart from this genuine problem, diffe-
rent interpretations of terms create new problems. The parameters discus-
sed below have been amply tested in the GSteborg incidence material (An-
dersen 1980) .

MS DIAGNOSTIC CATEGORIES

Part 1. Discussion on use of "paraclinical methods".

Computerized tomography or evoked response data are, according to the
diagnostic criteria of Poser et al. (1983), allowed to substitute for one
MS-campatible clinical lesion in clinically definite MS as well as in cli-
nically probable MS. Computerized tomography is useful for morphological
assessment although the freguency of positive findings probably is lower
when the clinical diagnostic probability is low (Vinuela et al., 1982,
Ebers et al., 1984). Although certain individual ewvoked responce lesions
(e.g. optic nerve) could be almost as MS-typical as the corresponding cli-
nical lesions, they are not generally disease-specific (Sedgwick 1983).
Nuclear magnetic resonance yield new data on distribution and biology of
plaques although the specificity was not high in the report of Ormerod et
al., 1984.
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CSF data are not used in the Schumacher criteria (1965), but are re-
quired in the criteria compiled by Bauer (1980). The criteria proposed by
Poser et al. (1983) provide two alternatives: Clinical MS diagnosis inde-
pendent of CSF data, and "laboratory-supported" MS diagnosis supported by
CSF specific oligoclonal bands or quantitatively increased IgG production
evidenced in the CSF. Basically, intrathecal immunological reactions are
not etiologically specific (Link et al., 1971). Studies of the differenti-
al diagnosis of intrathecal immunoglobulin production (Olsson et al., 1976,
Frydén et al., 1978, Hershey et al., 1979) reveal low frequencies of dif-
ferential diagnostic conditions other than inflammatory, but to the best
of our knowledge no long-term studies have been performed. However, as some
time relationships in MS differential diagnoses tend to increase the spe-
cificity of a CSF specimen investigated more than two years after onset of
symptams, we discuss the following conditions:

1. One monofocal attack with intrathecal gamma globulin production.

After mumps meningitis, the intrathecal immunological reaction may persist
for 12 months, but only in a minority of patients and with diminishing in-
tensity (Vandvik et al., 1978). With focal CMV lesions of the CNS, e.q.
myelopathy problems of differential diagnosis and nosology seem unsolved.
Same cerebrovascular lesions are associated with an intrathecal immunolo-
gical reaction which subsided within one year in 11/17 cases (Rostrém
1981). In MS the intrathecal immunoglobulin production usually persists
for years, probably for a lifetime.

2. One multifocal attack with intrathecal gamma globulin production.

There is no persistent intrathecal immunological activity subsequent to
postinfectious encephalamyelopathy, but experience seems to be scarce.

3. _Repeated multifocal attacks with intrathecal gamma globulin pro-
duction. Although neurosarcoidosis and collagenoses may elicit an intra-

thecal immunological reaction which may be located primarily to the intra-
thecal campartment, it is usually associated with a pronounced blood-brain
barrier lesion, and in sarcoidosis with a characteristic cytology. After
treatment of neurolues, a diminishing intrathecal immunoglobulin producti-
on may persist for more than two years (L&whagen et al., 1983).

4. Progressive lesion with intrathecal gamma globulin production.

This is known to occur with e.g. same ependymomas. If conclusions from
CSF analysis are postponed for 2 years, the tumour may reveal itself

through its focal and progressive symptamatology.
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Part 2. Diagnostic categories. Experience from the GSteborg MS incidence

material.

In each example it is understood that the age of the patient, the
neurological syndrome and the course of the symptoms are compatible with
MS. Well-documented retrospective data may be used for supportive analysis
of initial phases of the disease, but personal longitudinal follow-up data
are obligatory for the use of detailed clinical information exemplified
below. In incidence studies, personal follow-up during decennia is expec-
ted. The present diagnostic classification is not designed to be used with

less than two years of personal follow-up in any case.

MS QUESTIONABLE

This file is a base for future follow-up in prevalence and indicence
studies and a means of keeping retrospective data.

Subgroup 1 : Example 1 : An acute lesion of one of the nerves of the ex-
traocular muscles or its nucleus, but without
evidence of a brain stem lesion.

Exampel 2 : An acute vestibular syndrame without evidence of
a brain stem lesion.

Subgroup 2 : Example 1 : Two acute lesions separated by at least one
month, each of which affects one of the nerves
to the extraocular muscles or its nucleus, how-
ever without evidence of a brain stem lesion,
and with the first lesion in a state of remissi-
on when the second lesion occurs. (Reservation
for syndrames campatible with painful ophthalmo-
plegia and the sinus cavernosus syndrome) .

Example 2 : Trigeminal neuralgia below 40 years of age.
Example 3 : A slowly progressing central paraparesis and a
moderate parahypesthesia without a sensory le-

vel, often with a "posterior cord" predominance.

POSSIBLE MS

The minimal requirements for this category are certain focal lesions
with a typical MS symptomatology, or MS QUESTIONABLE SUBGROUP 2 cases ha-
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ving a typical intrathecal immunological reaction as determined by CSF
analysis MORE THAN TWO YEARS AFTER ONSET OF MS.

Example 1

: A typical acute optic or retrobulbar neuritis as evidenced by

Example 2 :

Example 3

Exanple 4

Example 5

Example 6

PROBABLE MS

.

.

immediate or residual signs. The diagnosis is acceptable with
subtle residuals such as slightly reduced unilateral color vi-
sion with the Bostr&m-Kugelberg pseudosisochramatic plates if
there was a typical anamnesis, in particular including pain on
eye movement, and appropriate investigation is performed to
exclude retinopathy as a cause of the color vision defect.

A typical acute focal myelopathy as evidenced by appropriate
signs. The syndrome diagnosis of myelopathy may be considered
reliable if based on a convincing personally obtained history
with details concerning sensory quality and level.

A typical central vestibular syndrome verified by brain stem
signs, particularly the signs of internuclear ophthalmoplegia.
Typical tonic seizures.

NOTE: Generally, a mere recurrence of one of the symptams li-
sted here does not per se justify a higher diagnostic probabi-
lity level.

A slowly progressive central paraparesis and moderate parahyp-
esthesia combined with convincing signs of lower motor neuron
lesion of bladder or lower extremities, in particular sluggish
reflexes previously noted to be exaggerated (reservation for a
number of longitudinal myelopathies including that of dural
A-V fistula).

QUESTIONABLE MS SUBGROUP 2 cases having a typical intrathecal
immunological reaction as determined by CSF analysis MORE THAN
TWO YEARS AFTER ONSET OF SYMPTOMS. This category may be trea-
ted as MS questionable in special statistics. See discussion
on CSF analysis in part one.

The minimal requirements for this category are one POSSIBLE MS lesion
with an added MS QUESTIONABLE lesion, or one POSSIBLE MS lesion with an
added lesion essentially of the same (POSSIBLE) category, judged to be re-

liable fram personally checked anamnestic details but without the documen-
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tation outlined in the examples. Accepted as PROBABLE MS are also clini-

cally POSSIBLE MS cases having a typical intrathecal immnological reacti-
on as determined by CSF analysis MORE THAN TWO YEARS AFTER ONSET OF SYMP-

TOMS. The PROBABLE category does not contain cases with multiple vague

symptoms or signs none of which is an absolutely significant CNS manife-

station.

Example 1 :

Example 2

Example 3 :

Example 4

A progressive para-and tetraparesis with a contingent "poste-
rior cord" syndrame which ultimately, after years of steady

progress, is complicated by an internuclear ophthalmoplegia.

: An acute remitting attack of focal myelopathy with sensory

predominance followed by a non-focal progressive lesion of
central motor neurons with a para- or tetraparesis, sometimes
also a moderate diffuse sensory pendant.

More than two attacks of combined brain stem focal and long
tract lesions with at least five years of follow-up without
progression, provided the brain stem symptams are slight and
variable, and the long tract symptoms pronounced and varying.
NOTE: The identification of a steadily progressive course in
MS is feasible within a few months in acute cases, and within
two years of follow-up in the majority of patients. However,
in some chronic cases the diagnosis of steady progress has to
be postponed for up to 10 years after onset.

: A typical "migrating" lesion within one CNS region, i.e. a se-

ries of MS predilection symptoms (e.g. bilateral partial in-
ternuclear ophthalmoplegia) occurring in a typical subacute
sequence during weeks, with the first lesion in a continucus
state of evident remission at the time of appearance of the
second phase, and a similar relationship between occasional
subsequent phases. In myelopathy, a second phase with a bila-
teral sensory hand ataxia may evolve while a truncal sensory
level subsides.

NOTE: The differential diagnosis between MS and postinfectious
encephalomyelitis is a clinical problem fraught with unsolved
definition problems. Histologically, the lesions of acute dis-
seminated encephalomyelitis are all of the same age, whereas
there is a considerable variation in the age of the lesions

present in MS (Prineas 1970).
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Example 5 : The statement in example 4 is also valid for analogous migra-
tory phenomena between right- and left-sided useless hand
without a sensory level, or between typical acute optic or re-
trobulbar neuritis on the right and left side, when the contra-
lateral "migration" occurs after a delay of at least one month,

following or during the remission.

CLINICALLY DEFINITE MS

The minimum requirement for this category is the cambination of two
separate POSSIBLE MS lesions in a bout or migrating pattern, with one le-
sion in either a stationary phase after remission or in a process of con-
tinuous remission at the time of appearance of the next lesion, alternati-
vely in a cambined bout and subsequent progression pattern, or in a suc-
cessive multifocal progression pattern. An alternative minimal requirement
is a clinically probable MS case having a typical intrathecal immunologi-
cal reaction as determined by CSF analysis MORE THAN TWO YEARS AFTER ONSET
OF SYMPTOMS.

VERIFIED MS

Only qualified neuropathological investigations are accepted for the post-
mortem diagnosis of MS. In cases with tiny or shadow plaques, histology is
essential to verify or exclude the diagnosis.

MS BASIC COURSE PARAMETERS

A BOUT is defined as the development within days to weeks of MS-cam—
patible symptoms provided that the condition has been essentially unchan-
ged or improving during the previous month.

It is necessary to distinguish between bouts and another transient
type of deterioration, designed the "pseudobout", and furthermore to defi-
ne two subtypes of bouts, the polyphasic and the prolonged bouts, in order
to avoid gross error in bout frequency computations.

A PSEUDOBOUT is a clinical deterioration believed to represent func-
tional changes in pre-existing (partially) demyelinated lesions rather
than new inflammatory or demyelinating MS activity. Its duration is often
confined to a few days or less. It characteristically fluctuates with the
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elicting factor, which may be fever, passive heating or physical activi-
ty, tiredness or emotional stress, often in varying cambinations.

A POLYPHASIC BOUT is a manifestation that fulfils the bout criteria
except that the interval after the preceding bout is less than one month.
The bout-like phases attack different regions of the central nervous sy-
stem., A MIGRATING bout is analogous to a polyphasic bout except that the
bout-like phases seem to attack different parts of the same region.

A PROLONGED BOUT: Bout activity, with new symptoms occurring at in-
tervals of days or weeks continues during several months relentlessly, or
with only very short periods or remission. The next phase may be almost
stationary, or, more often, severely progressive.

STEADY PROGRESS is defined as the development of MS-compatible symp-
toms so insidious as to be undetectable at weekly examinations and not
necessarily detectable at monthly examinations. To describe the steady
progress a time scale unit of at least one year is required. This insidi-
ous progression may occur from onset or after a remitting course. Parti-
cularly in the latter event, the progression may be periodic, and it may
be impossible to distinguish between periodic progression and added
bouts.

TYPES OF CLINICAL MS COURSE

A. EXACERBATING - REMITTING 1. Without sequele.
2. With sequele.
3. Sequele difficult to differentiate from
progress, "Stepwise pseudoprogress"”.
B. PROGRESSIVE 1. Steadily progressive from onset.
2. Steadily progressive after previous exa-
cerbating - remitting course. Most often
no bouts, but new bouts may occur.

3. Periodically progressive.

COMMENT'S

Should the clinical symptomatology be nothing but the top of the ice-
berg, still the amount of myelin lesions would be stochastically related
to the sum of neurological deficit. More controversial is the statement

that clinical bouts do reflect a particular type of spread while the pro-
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gress may represent a different pathological progress perhaps with more
extensive autoimmunity. Anyhow, for patients with acute well-defined bouts
and intervening years of well-being, BOUT FREQUENCY (Andersen 1980) is
certainly a relevant measure of disease activity. In many clear-cut cases
the EVENT OF STEADY PROGRESS indicates a decisive turning-point of the di-
sease. However, for patients with complicated progress and bouts manife-
stations from the same tracts, no reliable bout frequency can be computed,
and DEFICIT SCORE is the most relevant parameter.

REGISTRATION

Semantics will optimally be uniform enough to allow modem total data
transfer between centers.
Systems for registration of score,detailed symptamatology or integrated

neuroanatamy are available for different purposes of research.
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Comparison of Multiple Sclerosis Incidence Clinical
and ABR Data Indicates a Higher Degree of
Dissemination of Lesions in a Progressive than in a
Remitting Course

O. ANDERSEN, U. ROSENHALL and B. RUNMARKER

INTRODUCTION

Robinson and Rudge (1977, 1980) found that patients with
definite MS often (24/32) have ABR (Auditory Brain Stem Re-
sponse) pathology. The proportion was lower (9/20) in the MS
probable group, and much lower in the patients without a brain
stem lesion. However, 70-80% of MS patients with brain stem
lesions had pathological ABR independent of their diagnostic
probability. ABR seems to be somewhat more sensitive to de-
myelinating than to vascular lesions (Rudge 1983). Mattheus et
al. (1977) found a very low incidence of abnormal evoked po-
tentials with a single episode of acute neurological (AN) di-
sease resembling MS5. Chiappa et al. (1980) reported on normal
ABR in optic neuritis and in transverse myelitis. Rudge (1983)
stated that MS patients without relapses have a remarkably
stable ABR. Houever, high frequencies of evoked response ab-
normalities in suspected and possible MS (52%) were reported
by Kjaer (1983). Such discrepancies are difficult to evaluate
without detailed longtudinal clinical data. A relationship has
been found between increased duration or severity of MS and

increased incidence of ABR pathology (Kjaer 1980). We designed
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the present study to study a further possible relationship,
between MS course parameters - bout and progress - and ABR

pathology.

MATERIAL

All data in the present study were derived from a single
source, a 15 year incidence material of 312 MS cases, of whom
283 belong to the probable, definite or verified categories.
We have 21 - 35 years of personal follow-up of survivors, with
examination intervals of some years in latent or steadily pro-
gressive phases, generally with good compliance. The value of
the material is its potential for long-term prognosis. From
this incidence material 3 subgroups were selected: 1) Patients
in a progressive phase with progressing brain stem lesions,
e.g. internuclear ophtalmoplegia. 2) Patients in the progress-
ive phase without any brain stem lesion. Progress is from on-
set or with only a focal myelopathy preceding the onset of
progress. 3) Patients with a remitting course now in latent or
stationary phase, with at least one previous brain stem bout.
For comparison, a fourth group of 7 non-incidence definite M3
cases were investigated with ABR within one month of onset of
an acute brain stem bout. Not all patients who were by 1980
eligible according to the above categories were finally
examinated by ABR. In group 1), 20 of 43, in group 2), 7 of 17,
and group 3), 12 of 43 uwere investigated. Losses were due to
some deaths, continued disease activity changing the category,
revised diagnosis, patients moving away or refusing ABR, and
in one case hearing loss unrelated to MS., No obvious system-
atic selection has occurred, and we believe the subgroups still

represent the very unbiased incidence material.

METHODS

ABR audiometry was performed in a sound proof room. One
thousand and twenty-four clicks with alternating phase uwere
presented monaurally by TDH-39 earphones with a repetition rate
of 25 stimuli/s. The intensity level was 80 db HL (115 db peak
equivalent SPL). Surface self-adhesive silver/silver chloride

electrodes were placed on the forehead, on the ear lobes and
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on the nose (ground electrode). The signals were band pass
filtered of 150 Hz, with a high cut-off frequency of 2500 Hz.
The signals were conveyed to a Nicolet 527 signal averager.
One averaged response consisted of 1024 individual sweeps.
Identical tests procedures were repeated many times to ensure
reproducability. The averaged responses of two identical
stimulus round were superimposed on a graph, using an X=Y
plotter. The latency of wave V was measured and the I-V inter-
val was calculated. The results were compared with age and sex
matched control groups with normal hearing and no signs of any
vestibular or neurological disturbances. The mean values of
the wave V latencies and the I-V intervals +2SD of the control
group were considered as normal. The interaural time differ-
ence of wave V (115) between the right and left ears from the
same individual was also calculated. An II_. of 0.4 ms or more

5
was evaluated as pathological.

RESULTS

The most striking finding was the normal ABR in 11 of the
12 group 3 cases with previous clinical brain stem lesions,
The results from comparison of the groups are shown in table

1. Diagnostic categories had no significant influence on the

Table 1

ABR Number of patients
ABR normal ABR pathological P, Fisher$ exact test

Group 1 3 17
Group 3 11 1 0.000059
Group 2 2 5
Group 3 " 1 0.0191
Group 1+2 5 22
Group 3 11 1 0.000052
MS probable 4 2
MS definite 12 21 0.3438
Score below 92 14 5
Score above 91 2 18 0.00012
Definite MS
G
roup 142 5 20 0.0025

Group 3 7 1
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occurrence of ABR pathology in this study. The variation of
duration is limited by the incidence character of the material.
Evidently, the transition from bout to progressive phase does
significantly increase the risk for ABR pathology. Houwever,
the severity of the disease is a confounding factor. The
theoretical maximum score of the non-parametric system used is
700, and the present material was bisected by the median 91.
Re-evaluation of the material, levelling out the confounding
factor, shows that neither high score nor progressive course
independently has a significant relationship to ABR pathology,
although the relationship is near-significant for progressive

course, table 2. Phase audiometry pathology has a relationship

Table 2
ABR

For score Number of patients

below 92 ABR normal ABR pathological P, Fisher5 exact test

Group 1+2 3 4

Group 3 11 1 0.0759
For group

1+2

Score below 92 3 4

Score above 91 2 17 0.2028

to progressive course similar to but somewhat weaker than that
of ABR, table 3. Of the 7 cases investigated during bout
activity, with a median score of 26, 6 patients had a patho-
logical ABR.

Table 3
Phase audiometry

Number of patients

PhA normal PhA pathological P, Fisher$ exact test

Group 1+2 8 12
Group 3 11 1

0.0091
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CONCLUSIONS

It is believed that an acute development of ABR pathology
may reflect lesions of the auditory pathways, or influence
from neighbouring brain stem lesions (Kjaer 1980). In this
study, the ABR was used as a probe to detect dissemination of
MS lesions in bout and progressive phases. The results indi-
cate that a progressive course is more related to ABR patholo-
gy than a previous bout, even a brain stem bout. The normal
ABR, probably indicating a low density of MS lesions, in
benign intermittent cases seem to correspond to the louw bout
frequency in such cases. The notion is supported that lesions
in this major type of [S are focal and limited in number,
while the lesions in a progressive course are multifocal. The

study needs confirmation by morphological methods.
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Multiple Sclerosis and Immunity: Facts, Fiction and
Future Development

J. MERTIN

The current view of most workers in the field of multiple
sclerosis (MS) research is that the disease is a) autoimmune
in nature and b) causally related to a defect in immunoregula-
tion. The latter belief has, in many laboratories, stimulated
a search for abnormalities in various arms of the immune res-
ponse. Their quest has been successful, and a plethora of ab-
normalities in immune function in MS have been reported in the
literature. The question that must now be asked is which of
the defects detected are genuine manifestations of the disease
and which are byproducts of technical manipulation.

The field of MS research is very fertile, and has produ-
ced a host of reviews listing all the observed deviations in
immunoregulation. Indeed, many of us here have written such
reviews, all of us read them. They inevitably conclude that
whilst many details are known, there is still no unifying ex-
planation for the role of the immune system in the aetiology
and pathogenesis of MS. On an occassion such as this, there-
fore, there is no need for yet another such review. As an
alternative let me instead briefly summarise the most impor-
tant facts of about MS and immunity, with a few comments on
what I consider to be fiction. I will, thereafter, propose
some new approaches to the problem.

The facts about the putative autoimmune nature of MS are

listed on table 1.
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Table 1: Multiple Sclerosis and the Immune Response

Facts 1) 1local immunoglobulin production
in the central nervous system (CNS)

2) oligoclonal bands in the cerebro-
spinal fluid - pattern maintained
throughout the course of the
disease

3) mononuclear cell infiltrates in
the CNS

4) disease susceptibility is influenced
by genetic factors

5) characteristics 1-4 are shared with an
experimental autoimmune disease,
chronic relapsing experimental allergic
encephalomyelitis (CREAE)

6) there is poor correlation in MS and
CREAE between clinical signs of disease
and the actual pathological activity
within the CNS

What about the fiction? It is my belief that the fiction
in this field arises out of the idea that MS is a truly re-
lapsing and remitting disease - at least in the majority of
cases. Indeed, in the past the finding by the pathologist of
"silent'" lesions was considered to be exceptional, and clini-
cal exacerbations followed by complete or partial remission
to be a true reflection of the activity of the disease pro-
cess. Modern diagnostic methods such as evoked potentials,
computerised tomography, and nuclear magnetic resonance (NMR)
tomography have, however, confirmed Tourtelotte's proposition
that "MS never sleeps". Rather, the disease appears to be
chronicly progressive, being characterised by constantly emer-
ging and disappearing lesions which are often not clinically
manifest. It follows, therefore, that any premise which
attemps to link alterations in immunological parameters with
clinical changes such as relapses, is likely to be ficticious.
There are many examples of such observed changes shortly be-

fore or during relapses, including alterations in numbers
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and/or activity of so-called suppressor T cells, of in vitro
lymphocyte responses to mitogens or antigens, of natural
killer cell activity and numbers, and in the concentrations of
components of the complement system. These observations are
frequently used to support the notion that MS is the result of
defective immunoregulation. Such a proposition is premature,
however, for whilst many details are known about the regula-
tion of the normal immune response - regulation both "from
within" and "from without" - there is still no unifying con-
cept of how the immune system functions. It would thus appear
rather speculative to assume a defect in the regulation of a
system as yet incompletely understood. In the future improved
diagnostic methods, and a better understanding of the regula-
tion of the immune system, may provide us with an insight into
the immunopathology of MS. Greater knowledge of the immunolo-
gical capacities of the central nervous system (CNS) itself
may, further, allow identification of those immunological
parameters which truly correlate with disease activity of MS.
Here I arrive at the point where I hope that MS research will
in future do better than it has to date.

When immunologists deal with autoaggressive conditions
they usually focus upon the immune system as the aggressor and
regard the target organ as an innocent victim, analogous, for
example, to target cells in an in vitro cytotoxic assay.

This 'blinkered' view has meant that in the search for a
cause of MS attention has centred upon the immune response and
its postulated dysregulation. Such an approach has proved far
from successful, possibly because the target organ has not
been allowed its full share of responsibility. Perhaps one
should assign a more active role for the CNS in the pathogenic
process, for is it not possible that disturbances such as men-
tioned in table 2 may be instrumental in provoking a normal
immune system to attack a defective CNS, thereby causing in-

flammation, demyelination and/or failure to remyelinate?
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Table 2: The Target in MS

Observation: Decrease in the concentrations of
polyunsaturated fatty acids (PUFA)
within the CNS (e.g. Thompson, 1975)

Consequence: Decreased resistance of the CNS?

(in experimental allergic encephalo-

myelitis susceptibility to and clinical

severity of the disease are increased

following decrease of PUFA within the

CNS when

a) PUFA-deficient diet (Clausen and
Moller, 1967), or

b) treatment with phenylalanine
(Mertin and Hunt, 1976)

is given)

Observation: Alteration of lipid-phase behaviour
in the myelin of MS patients, with
inability of MS myelin protein to
organise/order the myelin bilayer
(Chia et al., 1984)

Consequence: Decreased resistance of the CNS?

The last point I wish to make may appear yet more specu-
lative. There is increasing evidence that the CNS represents
the highest level of command for the overall regulation of
immune responses (table 3). One may suggest, therefore, that

Table 3: Regulation of the Immune System by the CNS

Brain stem - influence on humoral immune responses
(Jankovic and Isakovic, 1973)
Cortex - influence on cell-mediated immune
responses (Renoux et al., 1984)
? - intra-thecal route of antigen

inoculation is most powerful in
eliciting immune responses
(Quirico Santos and Valdimarsson,
1982)

the real cause of MS is founded in a defect in the brain's own
regulatory controls of immune function. A disturbance in such
control circuits could lead to a lowering of defenses of the

CNS thereby provoking a normal immune system to attack.
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Only by adopting a multidisciplinary approach, such as
that we hope to initiate at this meeting, can we clarify the
problems of MS and immunity upon which I have touched. As to
the role neuroimmunology in this concerted action, I feel it
would benefit us all greatly if neuroimmunologists laid more
stress upon the ''meuro" and ceased to be solely immuno-neuro-

logists.
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The Spectrum of Experimental Allergic
Encephalomyelitis

H. LASSMANN and K. VASS

Experimental allergic encephalomyelitis (EAE) is an autoimmune
disease of the central nervous system (CNS), induced by active sensiti-
zation of susceptible animals with CNS tissue. The basic lesion in the
brain of EAE animals is the perivenous inflammatory reaction, which
appears to be essentially mediated by a cellular immune reaction directed
against myelin basic protein (MBP), a component of myelin sheaths (Ben
Nun et al., 1981). The clinical and pathohistological expression of the
disease, however, can to a large extent be modified by other, including
humoral immune reactions (Paterson, 1982; Schwerer et al., 1984). This
modification seems to be partially responsible for the extensive diversi-
ty between different EAE models (Lassmann, 1983).

EAE not only mimicks multiple sclerosis (MS) but also all other in-
flammatory demyelinating diseases. In fact, all acute most passive trans-
ferand some chronic EAE models rather reflect the lesions of acute peri-
venous or hemorrhagic leucoencephalomyelitis than MS itself. Even within
chronic EAE models, which overall reflect MS pathology more closely than
the acute ones, a large variety of structural changes in the lesions is
noted. Chronic EAE lesions in Hartley or Strain 13 guinea pigs are very
similar to MS plaques, regarding the extent and patterns of demyelination,
gliosis and reparative phenomena or their topographical distribution
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(Lassmann, 1983; Raine, 1984). However, even in this model the clinical
course, the number and size of demyelinating lesions and the structural
appearence of plaques is variable from animal to animal. Chronic EAE in
SJL-mice (Lublin et al., 1981; Brown and McFarlin, 1981) is a predomi-
nately inflammatory disease with very 1ittle selective demyelination,
even in animals with prolonged clinical disease course. Larger CNS lesions
sometimes present in these animals, are generally accompanied by exten-
sive destruction of other CNS elements and Wallerian degeneration. Chronic
EAE in rats may lead to extensive demyelinated plaques, the morphology of
the lesions, however, in many respect differs from that in guinea pigs
and from MS patients (Lassmann, 1983).

Immunization with purified myelin proteins (MBP or proteolipid pro-
tein) instead of native CNS tissue resulted in acute or chronic inflamma-
tory diseases of the CNS, without the formation of confluent, selectively
demyelinated plaques (Rev: Lassmann, 1983; Cambi et al., 1983). With the
addition of myelin lipids to MBP in the sensitization medium the extent
of demyelination was augmented, although the numbers and size of demyeli-
nated plaques invariably was smaller compared to those found after sensi-
tization with native CNS tissue (Madrid et al., 1981; Raine et al., 1981).

A11 these above described models are useful to study certain aspects
of the pathogenesis of inflammatory demyelinating diseases. However, the
variability of acute and chronic EAE implies to carefully select from
the wide range of models available the best suited for the answer of a
specific question.

As mentioned above, the basic EAE lesion, the perivenous inflammato-
ry infiltrate apparently is mediated by a cellular immune response. On a
tissue level this can be best studied in passive transfer experiments,
using monospecific MBP reactive T-cell lines (Wekerle, 1984). In this
situation first inflammatory infiltrates in the CNS are predominately
composed of T-cells, carrying the T-helper/inducer phenotype. A principi-
ally similar pattern of inflammatory reaction is also noted in rats and
mice, actively sensitized for EAE (Hickey et al., 1983; Sriram et al.,
1982). During recovery from the disease the majority of T-cells in the
lesions express the T-suppressor/cytotoxic phenotype. In addition a large
number of Ia-positive cells with structural features of monocytes and
macrophages are present in active lesions, which according to immune-
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electronmicroscopic studies appear to be the main effector cells in the
demyelinating process. B-lymphocytes and plasma cells are generally nume-
rous in the lesions of chronic EAE, regardless the animal species investi-
gated.

There are at present not enough data available to evaluate, to what
extent these fluctuations in the composition of inflammatory infiltrates
allow conclusions regarding regulation of disease activity or structural
expression of the lesions. Similar comparative studies in multiple diffe-
rent EAE models are required to determine possible general patterns of
the inflammatory reaction in EAE and MS.

The second hallmark of inflammatory demyelination is the selective
primary demyelination. Primary demyelination, like that found in MS does
not just mean loss of myelin, but implies the selective destruction of
myelin sheaths with preservation of axons, neurones and astrocytes. Thus
the unselective tissue destruction, found in the lesions of some models
of acute and chronic EAE (e.g. chronic EAE in monkeys and SJL-mice) can-
not be regarded as suitable for the study of primary selective demyelina-
tion.

Recent evidence from chronic EAE in guinea pigs, the model which at
present is accompanied by the most widespread and selective demyelination,
suggests that antibodies against other antigens than MBP are additionally
required for the demyelinating process. In this model extensive plaque
1ike demyelination only appears in the chronic stage of the disease at a
time point when high titres of antibodies against myelin are present in
the sera of affected animals. Furthermore we found a significant corre-
lation between anti myelin antibodies in the sera with the extent of de-
myelination in the central nervous system (Lassmann et al., 1984). Stu-
dies on the demyelinating activity of EAE sera in vitro and in vivo
further support the view, that humoral immune response can be involved
in the demyelinating process.

It is evident, that the target antigen for selective demyelination
must be located on the surface of myelin sheaths and so be accessible for
the immune system. Thus it is not surprising that antibodies against MBP
failed to induce demyelination in vitro. Several studies suggest, that
galacto cerebroside is one of the antigens, recognized in the demyelina-
ting process (Dubois-Dalq et al., 1970; Saida et al., 1979). It is, how-
ever, interesting to note that in chronic EAE in guinea pigs a significant
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number of animals do not show detectable antibodies against galactocere-

broside, in spite of extensive active demyelination in the CNS and high
titrest of in vivo demyelinating activity of their sera (Schwerer et al.,
1984). Thus there appear to be multiple target antigens in the demyeli-
nating process.

In conclusion the wide spectrum of changes found in different EAE
models covers not only the pathological alterations of MS, but also those
of other related hyman inflammatory demyelinating diseases. EAE thus
offers the change to study principle mechanisms related to the pathogene-
sis of inflammatory demyelination in the human brain. The variability of
EAE models and the complexity of the disease process, however, makes it
necessary to carefully select the right model for the specific question
asked. Furthermore it appears to be dangerous to draw generalized conclu-
sions on the pathogenesis of inflammatory demyelination from observations
obtained in a single EAE model.
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T-cell Subsets in Multiple Sclerosis

M. A. BACH and E. TOURNIER-LASSERVE

INTRODUCTION

The attention has been recently focused on the possible involvement
of T-cells in the pathophysiology of MS, since T-cells play a major role
in regulating immune responses and maintaining self-tolerance, and also
act as effector cells of immune damage in experimental models of demye-
linating disease and in viral infections. The development of monoclonal
antibodies directed against human T-cells has allowed to delineate two
major T-cell subsets: one bearing the T4 marker, recognizing antigens
associated with MHC class II molecules and expressing in most assays
helper/inducer functions; the other bearing the T8 marker, recognizing
antigens in the context of class I MHC molecules and preferentially ex-
hibiting cytotoxic and suppressive activities (Reinherz et al., 1983).
We have used these monoclonal antibodies to study T-cell subsets in MS,
in parallel to in vitro T-cell dependent functions.

MATERIAL AND METHODS
Patients: Patients were followed at the Neurological Clinic of the

Henri Mondor Hospital (Créteil, France) by Dr. J.D. Degos and Dr. C.
Martin and J.-F. Eizenbaum, and were classified as definite MS according
to Schumacher's criteria. None of them received corticoid or immunosup-
pressive therapy at the time of study. Healthy subjects or patients
suffering other neurological diseases (OND) served as controls.
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Lymphocyte isolation: Peripheral blood mononuclear cells (PBMC)
were isolated from heparinized venous blood over a Ficoll-Hypaque gra-
dient. Cerebrospinal fluid (CSF) samples were collected by lumbar
puncture and immediately added with 10% foetal calf serum (FCS).

T-cell subset phenotyping: Monoclonal antibodies OKT3 (pan-T),
OKT4 and OKT8 (Ortho Pharmaceuticals, Raritan, N.J., USA) were used as
described elsewhere (Bach et al., 1980) in an indirect immunofluores-
cence assay to enumerate the corresponding T-cell subpopulations in
blood and CSF.

PWM-Ig synthesis: IgG, IgM and IgA content of culture supernatants
were measured as already described (Tjernlund et al., 1984) by immuno-
precipitation with corresponding anti human Ig class specific anti-
bodies using an automatic laser nephelometer (Hyland, Lessien, Belgium)
after a 7 day culture in RPMI medium in the presence or absence of
0.1 pg/m1 PWM (Gibco).

Con-A-induced suppression of MLR: The assay extensively described
elsewhere (Tjernlund et al., 1984) consisted in stimulating PBMC with
Con A (7.5 pg/ml) for 2 days and then adding after mitomycin C treat-
ment Con A-stimulated and control unstimulated PBMC to mixed leucocyte
cultures, where responder cells were autologous PBMC and stimulating
cells were mitomycin C-treated allogeneic PBMC. 3H-thymidine incorpo-
ration was measured on day 5. The suppression index was calculated as
follows:

§1 = 1 - Cpm in MLR plus Con A-stimulated cells g,
cpm in MLR pTus control celTs

Xenogeneic cell-mediated lympholysis (CML) assay: The xenogeneic
CML assay described by Carnaud et al. (1977) was used. In brief,
20 x 106 PMBC were suspended in 20 ml1 RPMI culture medium supplemented
with 10% AB serum, together with 20 x 106 mitomycin C-treated DBA/2
mouse spleen cells. After 7 days of culture, the cells recovered were
used as effector cells in a microcytotoxicity assay using DBA/2 P815
mastocytoma cells previously labelled with 51 Cr O4Na2 as target cells,
at effector to target cell ratios grading from 10/1 to 200/1. The
results were expressed as lytic units (LU 50) per culture as described
by Cerottini et al., (1974).




MULTIPLE SCLEROSIS RESEARCH IN EUROPE 117

RESULTS

Monoclonal-antibody defined T-cell subsets in blood: The results of
our studies are summarized in Table 1 (Bach et al., 1980; Bach et al.,
1984). Patients in remission showed normal T-cell subset number and

distribution. Patients suffering from progressive MS exhibited sig-
nificantly higher T4/T8 ratios than normal controls. Patients suffering
from exacerbations presented with variable T-cell subset patterns, ac-
cording to the time elapsed after the onset of acute attack: the
highest values of T4/T8 ratios were recorded from 2 weeks before to one
week after onset. During the second and third week, although some
patients still showed abnormal T-cell subset distribution (T4/T8 ratio
> 3.2) the mean difference between patients and controls did not reach
statistical significance. Surprisingly, significantly high T4/T8 ratios
were seen again in patients investigated later (from 3 weeks to 2
months after relapse).

In chronic progressive MS, as well as in exacerbating-remitting
cases, elevated T4/T8 ratio resulted primarily from a decrease of T8+
cells percentage, associated to a minor increase (Which did not reach
statistical significance) of T4+ cells.

Monoclonal antibody defined T-cell subsets in CSF (Table 1): As
compared with patients suffering from other neurological diseases, MS

patients showed a T-cell subset imbalance within CSF similar to that
observed in blood with elevated T4/T8 ratios at the beginning of acute
phase; conversely values recorded during the third week were found
similar to that of OND controls (Cashman et al., 1982).

In vitro assays for T-cell functions: The amount of in vitro syn-
thesized IgG (Table 2) after PWM stimulation, a helper T-cell dependent
phenomenon, was found higher in rapidly progressive MS (with a Kurtzke

index having increased of more than 1 within the 2 years preceding the
study) than in slowly progressive cases or during remission. Similar
data were obtained for IgM and IgA synthesis. No increase of spontane-
ous Ig synthesis was found for any Ig class in any group of patients.

Con-induced suppression of MLR (Table 3) was found significantly
depressed among patients showing progressive MS, regardless of the
recent evolution of the clinical status.
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The generation of xenogeneic CML in mixed xenogeneic cultures was
not found altered in MS patients suffering active disease (Table 4). A
single stable patient was studied, who exhibited a normal CML value. A
majority of patients tested for in vitro T-cell functions were also
studied at the same time for T-cell subset markers. No individual corre-
lation was noticed between the T4/T8 ratios and the data obtained from
functional assays.

Table 2 : SPONTANEOUS AND PWM-DRIVEN IgG SYNTHESIS

T4 /T8 RATIO SPONTANEOUS PWM-DRIVEN

Ig secretion (ng/ml)

- Normal subjects

(29) 1.8 % 0.1 679 + 76 1.666 + 134
-MS
Rapid progression . b N +
(12) 2.8 - 0.5 893 - 129 4.418 - 800
Slow progression . + +
(7) 3.0 - 0.6 478 - 59 1.981 - 523
Remission + N +
(10) 2.0 - 0.3 799 - 125 1.891 - 320

a) Mean X sEm
b) Values significantly different from controls are underlined.

Table 3 : CON A~INDUCED SUPPRESSION OF MLR

T4/T8 RATIO % SUPPRESSION

Healthy controls 1.8 2 61
(43) + 0.1 + 2

MS patients :
Progressive form g_._?_b 49
(16) + 0.4 i-_6
Remission 1.9 68
(8) + 0.2 + 5

N
a) Mean - SEM

b) Values signficantly different from controls are underlined
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Table 4 : XENOGENEIC T-CELL MEDIATED CYTOTOXICITY

Anti mouse xenogeneic cytotoxocity

T4/T8 RATIO (1U 50/culture)
Normal subjects 1.8 2042 2116
(61) (8)
MS patients
Remission 1.0 25
Active disease 1.3 23
2.0 25
2.3 0
3.3b 41
3.8 25

a) Mean I SEM. Number of subjects is indicated in parenthesis.

b) Values exceeding the 5 % confidence upper limit of normal values are
underlined.

DISCUSSION

A significant change of T4/T8 ratios in blood and CSF was found in
active MS, due to decreased T8+ cell percentage. Although similar data
were reported by others (Reinherz et al., 1980; Sanberg-Wollheim, 1983),
some groups fail to evidence such an abnormality in exacerbating-remit-
ting cases (Rice et al., 1984). The present work suggests that conflic-
ting data might de explained by the peculiar kinetics of the T-cell sub-
set disorder, which is transient, occurs early during the attack and may
even precede it.

The reasons for such a rapid fluctuations of the T-cell subset
balance are unclear. The selective migration of T8+ cells to CNS or
Tymphoid organs would be a Tikely hypothesis, but conflicting data have
been reported about the composition of the cellular infiltrates of CNS
in MS patients (Brinkman et al., 1982; Nyland et al., 1982). Another
tentative hypothesis, the modulation of the T8 molecule by antilympho-
cyte auto-antibodies, has not yet been confirmed (Oger et al., 1982).

We also observed abnormal regulatory T-cell functions in active MS
patients with an increase of PWM-driven Ig synthesis and a decrease of
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Con A triggered suppression of MLR, suggesting a failure of suppressor
T-cell function, in agreement with other authors (Goust et al., 1982).
Unexpectedly the deficit of suppressor T-cell function does not seem to
be directly related to the decreased number of T8+ cells. It must be
noted in that respect that regulatory T-cell function does not involve
the latter subset alone, but rather the cooperation between a subset of
T4+ suppressor-inducer cells and the T8+ suppressor effector cells.
Interestingly, the cytotoxic T-cell function, as explored by the genera-
tion of xenogeneic cytotoxic T-cells is not altered by the T-cell
balance disturbance.

Finally although active MS seem to be associated with marked abnor-
malities of regulatory T-cell subset distribution and functions, the
exact role of these disorders in the triggering mechanisms of relapses
remains unknown.
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Functional Differences between Cerebrospinal Fluid
and Peripheral Blood T-cells in Multiple Sclerosis

M. S. WOLLHEIM and E. C. DEFREITAS

INTRODUCTION

Available evidence implies an altered dimmune response in multiple
sclerosis (MS) and suggests that immune reactions in the central nervous
system take place in partial isolation from the rest of the immune system.
This is suggested by the phenotypic examinations of B and T cell
populations as well as by functional studies of these cells.

There is a significantly lower proportion of B cells in the cerebro-
spinal fluid (CSF) than in the peripheral blood (PB) of patients with MS,
irrespective of disease activity (Sandberg Wollheim, 1983). However, the
number of cells with cytoplasmic immunoglobulin (Ig) 1is significantly
higher in CSF than in PB in MS patients, and in CSF these cells are pre-
dominantly of I1gG-type and frequently show an altered k/1 ratio (Sandberg
Wollheim & Turesson, 1975). The local humoral immune reactivity is also
evidenced by the demonstration of the spontaneous synthesis in vitro of
1gG with restricted heterogeneity (Sandberg Wollheim, 1974) as well as
specific antibody (to be publ.). Studies of sequential paired samples of
MS CSF and serum revealed not only the presence of various antibodies in
CSF at onset of disease, but also the appearance or disappearance of one
or more antibody bands with no relation to clinical course (to be publ.).
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It has also been shown that total CSF T cells are increased compared
to PB T cells in MS patients (Cashman &l, 1982; Sandberg Wollheim, 1983).
In disease activity, T suppressor cells decreased without significant
changes in the T helper cell subpopulation.

Because of the central role of T helper cells in the immune response
we wished to investigate its function in MS and to compare the CSF and
PB T lymphocytes with respect to their ability to respond to antigen by
proliferation and to deliver helper signals to autologous B cells.

PATIENT MATERIAL

CSF and PB were obtained from patients with definite MS as well as
from a normal volunteer. One of the MS patients and the normal donor were
booster immunized with tetanus toxoid prior to the experiment.

RESULTS

Proliferative response. We have produced antigen-activated T cell
lines from CSF and PB of several MS patients and from a normal donor.
Freshly isolated CSF and PB lymphocytes were stimulated with several
antigens as described in Fig 1. The growth curves of one MS patient are
shown. The MS CSF T cells proliferated more rapidly than the PB T cells
both in response to antigen and during subsequent growth in Interleukin 2
(I1 2). MWhen equal numbers of CSF and PB T cells were restimulated with
antigen, the CSF cells again grew faster. CSF T cells survived longer
than PB T cells without I1 2 (data not shown). PB T cells were 90% non-
viable after 3 days in I1 2-free medium compared to 7 days for CSF T
cells, as demonstrated both with trypan blue and 3H—TdR incorporation.

Identical experiments were carried out with CSF and PB cells from a
normal donor. At first normal CSF T cells proliferated faster than PB T
cells upon antigen stimulation and after addition of I1 2. But by day 16,
the growth rate was the same for both cell populations, also after re-
stimulation with antigen. The normal CSF and PB T cells showed no
difference 1in I1 2 dependency, both cell populations dying by day 3 in
11 2-free medium.

CSF and PB T cell Tines from one of the MS patients were tested for
antigen-specific proliferation after 2 months in culture, when 98% of the
cells phenotypically were T helper cells (Leu 1+3+2-). T cells from the
lines were added to wells with various concentrations of tetanus antigen
(TET). The response of the CSF T cell line was greater than that of the
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FIGURE 1. Growth curve of TET-activated T cells derived from CSF ( %)
or PB (®) of an MS patient. Cells were alternately stimulated with TET
(10 ug/m1) (----- ) and expanded in I1 2 ( ) as indicated.

METHOD. CSF cells were washed, resuspended in RPMI-1640 supplemented with
glutamin and 10% human AB serum, and seeded in 24-well cluster plates. As
accessory cells were added 4 x 106 gamma-irradiated autologous PB cells.
Non-irradiated PB lymphocytes were resuspended at 4 x106/m1 and seeded in
parallel wells. As antigens were added: TET (tetanus toxoid; Connaught
Labs; 10 ug/ml), PPD (purified protein derivative; Connaught Labs), or
Reovirus-WW strain (Dr W. Gerhard, Wistar Inst; 10 infectious units/ml).
After 4 days in 5% CO2 at 37°C all cultures were supplemented with medium
with 5% lectin-free, human I1 2 (Cellular Products). New medium was added
twice a week. At intervals, the cells were washed, resuspended at 2 x105/
ml and restimulated with antigen in the presence of accessory cells.
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PB-derived line at all antigen concentrations (Fig. 2). The CSF line
showed marked proliferation even at low antigen concentrations. The TET-
induced proliferation of both cell lines was dependent upon the presence
of autologous accessory cells. Other antigens than TET did not stimulate
the growth of the cells (data not shown).

FIGURE 2. Proliferative response to TET of 2x104 cells from the T cell

lines derived from an MS patient's CSF (*) and PB (e).

METHOD. After more than two months in culture, cells from the cell
Tines were seeded in microtiter wells and stimulated with varying concen-
trations of TET (or other antigens) and accessory cells for 3 days. The
cultures were pulsed for the final 18 hr with 1 uCi/well 3H-TdR. The re-
sponse of both CSF and PB T cell lines to TET in the absence of accessory
cells was <400 cpm. Other antigens in the presence of accessory cells
gave responses <800 cpm.
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Helper activity. Cells from the CSF T cell line, titrated into
Mishell-Dutton cultures containing autologous PB-derived B cells and
monocytes, induced greater specific antibody synthesis per cell than did
cells from the PB T cell line. As few as 20 CSF T cells gave detectable
helper activity for 2x105 B cells and monocytes (Fig. 3). Optimal amounts
of antibody was induced by the CSF T <cell Tine at a 100-fold Tlower
concentration of TET than by the PB T cell line (Fig. 4).

FIGURE 3. Helper activity of TET-specific T cell lines derived from an
MS patient's CSF and PB. Cells from the CSF T cell line induced greater
specific antibody synthesis per cell than did cells from the PB T cell
Tine.

METHOD.  Varying numbers of T cells from the CSF and PB lines were added
to 2x105 autologous PB-derived B cells and monocytes in the presence of
10 ng/m1 TET in Mishell-Dutton cultures (Mishell & Dutton, 1967). Super-
natants were assayed for TET-specific IgG in a solid-phase ELISA.
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FIGURE 4. Helper activity of TET-specific T cell lines derived from an
MS patient's CSF and PB. Cells from the CSF T cell Tine induced optimal
amounts of specific antibody synthesis at a 100-fold lower concentration
of TET compared to cells from the PB T cell line.

METHOD. Equal numbers of cells (2x104/cu]ture) from the CSF and PB T cell
lines were added to 2x105 autologous PB-derived B cells and monocytes and
varying concentrations of TET in Mishell-Dutton cultures. Supernatants
were assayed for TET-specific IgG in a solid-phase ELISA.

Frequency of antigen-reactive T cells in CSF- and PB- derived lines.

Limiting dilution analysis of MS CSF and PB T cell lines was carried out
by seeding twenty-four parallel microtiter wells with between 3 and 100 T
cells and 4 x 105 gamma-irradiated autologous PB lymphocytes. The cells
were stimulated with either 0.1 or 10.0 ug/ml TET. After 4 and 8 days,
11 2 (final conc. 10%) was added. After 16 days, wells were scored for
viable colonies of cells with a phase contrast microscope. The frequency
of TET-reactive cells was derived from the Poisson formula (inverse of

cell concentration giving 67% responding cultures) (Elliott &al, 1984).
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The frequency of T cells responding to high (10 ug/ml) TET concen-
tration was the same for both cell populations, 1 in 12. In contrast, the
frequency of cells reacting to Tow (0.1 ug/ml) TET concentration was
three times higher in the CSF line than in the PB line, 1 in 14 compared
to 1 in 45 (data not shown).

DISCUSSION

Our previous demonstration that MS CSF cells spontaneously producg
oligoclonal IgG (Sandberg Wollheim, 1983) and specific antibody (unpubl.)
indicates that the various cells required for Ig and antibody synthesis
are present in the CSF. The central role of the T cell, notably the T
helper cell, in regulating the immune response, prompted us to study the
function of CSF T cells in comparison with PB T cells in MS patients.

In most patients dinsufficient CSF cell numbers are obtained for
analysis of the helper function, since large numbers of pure T cells are
required. We therefore generated antigen-specific T cell lines from the
CSF and PB of MS patients and a normal donor.

Our studies demonstrated functional differences between MS CSF and
PB T cells. CSF-derived T cells (1) proliferated more rapidly in response
to tetanus toxoid and at lower concentrations; (2) required, but were
less dependent wupon exogeneous I1 2 for proliferation; (3) per cell
induced greater specific antibody synthesis by autologous PB B cells at
both high and low antigen concentrations; and (4) exhibited greater
frequency of antigen-reactive cells at Tow antigen concentrations.

During the initial days of culture, the more rapid proliferation of
MS CSF T cells could be due to the lower proportion of suppressor cells
in CSF, but by day 14, the CSF and PB populations were phenotypically
identical, and yet the CSF cells expanded more rapidly. The prolonged
growth of CSF cells in I1 2 alone, may suggest that antigen-activated CSF
T cells maintain I1 2 receptors longer. This could mean, that once
stimulated by antigen CSF T helper cells persist in CSF in an "activated"
state for a longer period of time.

The greater ability of the TET-specific CSF T cell line to provide
help to B cells could result from both the higher frequency of antigen-
specific cells in the cell line and a greater production of lymphokines
essential for B cell proliferation and differentiation or the secretion
of these factors for longer periods of time.
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Characterization of T-cell Subsets and Macrophages
in Active Demyelinating Multiple Sclerosis Lesions

H. NYLAND, S. MORK, R. MATRE and A. NAESS

INTRODUCTION

Active demyelinating lesions of multiple sclerosis (MS) is characte-
rized by increased cellularity,presence of numerous macrophages and astro-
cytes,increased vascularity,and perivenous mononuclear cell infiltrates
(Adams,1977).The mononuclear cell infiltrates consist mainly of T lympho-
cytes (Nyland et al.,1982;Traugott et al.,1983),and a small number of B
lymphocytes/plasma cells (Esiri,1980).The macrophages in MS lesions
possess receptors for the Fc part of IgG,FcR (Nyland et al.,1980),and show
capping of surface IgG indicating that they may be engaged in immune medi-
ated phagocytosis of myelin (Prineas & Graham,1981).

In this study we have further characterized the phenotype of the
mononuclear cells in active MS Tesions by immunocytochemical identificat-
ion of the T8,T4 and the Ia-like (HLA-DR) antigens.Macrophages were iden-
tified cytochemically by reactions for alpha-naphthyl acetate esterase.

MATERIALS AND METHODS

Patients.

4 patients with clinical definite MS were studied. Some selected
clinical data are presented in Table 1.
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Table 1T Clinical data of the 4 patients with multiple sclerosis studied.

Ages Sex Duration of Disease
(years) i1lness (years) course
Patient 1 45 7 8 Progressive
Patient 2 50 F 17 Progressive
Patient 3 46 F 1 Acute
Patient 4 53 F 15 Progressive

Tissue.

Brain and spinal cord were obtained at autopsy.The macroscopic exa-
mination revealed lesions of various size and age.Specimens were taken
from grossly visible lesions and also surrounding normal-appearing white
matter,quick-frozen in Tiquid nitrogen and sectioned (4-6um) in a cryostat.
The sections were picked up on coverslips and stained with haematoxylin
and eosin (H&E) and for myelin.Serial cryostat sections were examined for
comparison of the density of the cell infiltrates and positivity of the
reactions.

Antisera.

The monoclonal antibodies OKT3,0KT4,0KT8 and OKIal (HLA-DR antigens)
were obtained from Ortho Pharmaceutical Corporation,Raritan,N.J.,USA.
Fluorescein isothiocyanata (FITC)-conjugated swine antimouse IgG was pur-
chased from Nordic Immunological Laboratories,Tilburg,Holland (code no.
12-380,protein concentration 10mg/ml,molar F/P ratio between 1 and 4).
Immunofluorescence staining.

Cryostat sections (4-6um) were incubated with an appropriate antibody
dilution for 30min.The adherent antibodies were labelled using FITC-conju-
gated swine anti-mouse IgG diluted in PBS.The preparations were examined
in a Zeiss Fluorescence microscope with an Osram HB0-200 mercury lamp.
Immunoperoxidase staining.

Cryostat sections were incubated with the antibody dilutions followed
by incubation with rabbit anti-mouse IgG diluted 1:20,and then swine anti-
-rabbit serum 1:20.The peroxidase reaction was carried out with complexes
of peroxidase-antiperoxidase.

Demonstration of ANAE-activity.

Frozen sections were examined for (ANAE)-activity according to Miller
et al., 1975.
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RESULTS
Active multiple sclerosis lesions.

The active MS lesions showed increased cellularity with hypertrophic
astrocytes and numerous macrophages throughout the demyelinating lesions
(Fig.la,b).Perivascular mononuclear cell infiltrates were localized to

Figure la: Active demyelinating MS lesion in cerebral
white matter. Central venule (single arrow), edge of
demyelinating zone (double arrow)

Figure 1b: The hypercellular margin of the lesion in
the vicinity of a small venule (arrow). The astro-
cytes and macrophages are identified by morphological
criteria, while identification of the other cells
present is difficult.
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small and larger vessels within the lesions and in the adjacent normal
myelinated tissue (Fig.2a,b).Staining of the active MS lesions with the

Figure 2a: A perivenous (arrow) infiltration of mono-
nucTear cells in a demyelinated MS lesion.

Figure 2b: Modest perivenous infiltration of lympho-
cytes 1n apparently normal myelinated cerebral white
matter.
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OKT3 antibody showed that the majority of the perivascular mononuclear
cells consisted of T Tymphocytes (Fig.3).In addition,T Tymphocytes

Figure 3: Immunoperoxidase staining
of an active MS lesion. Dense infil-
trate of T3+ cells in a perivascular
infiltrate of a venule (V)

occurred outside the perivascular spaces within the neural parenchyma.The

perivascular mononuclear infiltrates consisted mainly of T4* T cells,while
the number of T8" T cells varied,but were generally low,the overall pro-

portion of T4+/T8+ T cells was 3:1 (Fig.4).The majority of the cells in

Figure 4: Immunofluorescence
staining of a few T8% cells
in a dense perivascular in-
filtrate of an active MS
lesion.
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the perivascular spaces were la-positive (Fig.5).In addition,strongly Ia-
-positive macrophages were seen in the perivascular infiltrates.

Figure 5: Immunofluorescence staining of a peri-
vascuTar infiltrate with anti-Ia. Large numbers of

Ia* cells (singel arrows). The venule in the center
(double arrow).

T8" T cells were invading the neural parenchyma,often clustered to-
gether (Fig.6),both just outside and at a distance from the vessels.The

Figure 6: Immunofluorescence staining
of an active MS lesion with anti-T8.
small clusters of T8t cells in the par-
enchyma.



MULTIPLE SCLEROSIS RESEARCH IN EUROPE 137

macrophages within the demyelinating areas,especially at the active edges,
were strongly Ia-positive (Fig.7).

Figure 7: Immunofluorescence staining of
Ta* celTs with the morphologic characteris-
tics of macrophages at the edge of an active
demyelinating lesion.

DISCUSSION

The nature and significance of the inflammatory reactions in MS
brains are not understood to date. The present study confirms previous
observations that the inflammatory cell infiltration in MS brain lesions
consists essensially of T lymphocytes and macrophages (Nyland et al.,1982;
Traugott et al.,1983).The prominent perivascular accumulation of mono-
nuclear cells in this material consisted mainly of Ia-positive,presumably
activated T4'T cells.A reduced number of T8'T cells were seen in the peri-
vascular spaces, the distribution was similar to that reported both in
peripheral blood and cerebrospinal fluid (Arnason et al.,1982).The peri-
vascular spaces of normal nervous tissue are the sites for inflanmatory
reactions in different condition.The adventitial cells express macrophage-
-Tike properties and may participate in antigen processing and interaction
with T lymphocytes (Nyland and Nilsen,1982).

In zones of active demyelination,especially at the active edges,
strongly la-positive macrophages were numerous.The macrophages probably
are derived from microglial cells.The expression of FcR and Ia antigen
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1ink them to the monocyte-macrophage cell linkeage and recent experimental
data show that normal brain contain an Ia-positive cell population which
probably have a bone marrow origin (Ting et al.,1983).In the brain paren-
chyma we also demonstrated 18 T cells,probably cytotoxic T cells, in
addition to few T4'T cells.Similar findings have been reported by Boss et
al. (1984),while Traugott et al. (1983) observed numerous 47T cells in
the brain parenchyma.A smaller number of these mononuclear cells were also
la-positive.

The precise functional role of the inflammatory cells cannot be read
from the immunohistochemical examination.The macrophages may have cyto-
toxic, phagocytic and antigen-presenting properties. The 78*T cells may
have suppressive and cytotoxic functions. Our study suggest that myelin
damage may be mediated by cytotoxic T cell and macrophages.
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Determination of Lymphocyte Subsets in
Cerebrospinal Fluid (CSF)

W. M. NILLESEN and B. M. ]. UITDEHAAG

We have developed a new indirect immune fluorescence micro method
for the determination of lymphocytes in CSF.
In suspension the cells are first labelled with a mono- or polyclonal
antibody followed by a second labelling with goat-anti-mouse FITC. After
being labelled the cells are fixated in 1% paraformaldehyde and for
nuclear staining ethidiumbromide is added. Then the cells are cytocen-
trifugated and embedded in 9 parts glycerol with 1 part PBS/NaN3 and
examined by fluorescence microscopy.
The advantages of this technique are:

1. it can be applied on CSF with <1 cell/ul.

2. every mono- or polyclonal antibody can be used.

3. it is linear with the conventional method used in the blood.
4. it is relatively cheap.

CONCLUSION

By using the method we describe here it is possible to determine CSF
Tymphocyte-subsets in all patients, regardless of the cellnumber in the
CSF. Therefore this method is suited to gain an insight into the subset-
ratio in healthy persons or patients without pleiocytosis of the CSF.
Furthermore the effect of immunosuppressant and/or cytotoxic drugs on
Tymphocyte-subsets can be studied.

In the table the results are shown of the patients we have examined
so far. The numbers of patients in the different groups are as yet too
small to draw any conclusions.
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la-Presenting Cells in early Multiple Sclerosis
Lesions and Adjacent Normal Looking
White Matter; A Morphological Study

H. ]. TER LAAK and O. R. HOMMES

INTRODUCTION

Ti11 now it is still unknown which initial factors are involved in
the demyelination process in MS. Recent and established lesions have been
extensively described by various authors using histological and enzyme-
histological methods (Adams, 1975, 1977; Friede and Arbor, 1961; Friede
and Knoller, 1964).

New immunohistological methods will give a deeper understanding and
especially the availability of monoclonal antibodies to hematopoietic
cells (Berger et al., 1981) will much contribute to clarify the immune
response in MS resulting in demyelination.

It has been proven that lymphocytes (especially T-helper/inducer
cells and T suppressor/cytotoxic cells) and macrophage-like cells take
part in the immune response as seen in fresh MS lesions (Nyland et al.,
1982; Brinkman et al., 1982; Traugott et al., 1982, 1983). Many genes of
the "human leukocyte antigen" system (HLA system) are thought to be
closely concerned in the initiation and effector phase of immune res-
ponses (Schwartz, 1982); the products of class II HLA-genes (HLA-DR, DQ,
DP and others, collectively referred to as Ia) play an important role in
the induction of an immune response while the products of class I genes
(HLA-A, B and C) are important as target molecules (Hancock, 1984;
Appleyard et al., 1985).

From in vitro studies it has been proven that antigen recognation can
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only take place in cooperation with Ia presentation (Weinberger et al.,
1982; DeFreitas et al., 1983); so, antigen presenting cells (APC's) can
probably only elicit immune responses in vivo if they present both the
antigen and Ia. At first a major role for combining both functions was
attributed to macrophages (Unanue, 1972); later on the dendritic cell
concept of Steiman added follicular dendritic cells and interdigitating
reticulum cells of lymphoid tissues (Steinman, 1981) and also Langerhans
cells of the skin and interstitial cells in the connective tissue, to
the APC's. Furthermore, it was found that human endothelial cells and
fibroblasts could be recognized by lymphocytes in vitro (Hirschberg et
al., 1982; Pober et al., 1983). From lightmicroscopical examinations it
appeared that in many normal human tissues Ia-positive cells may occur
(Scott et al., 1980; Newman et al., 1980; Natalie et al., 1981; Morris
and Ting, 1982), but Ia was undetectable in brain (Williams et al., 1980).
In this study the presence of Ia-positive cells in normal and MS brain
tissue will be investigated in order to trace those locations where the
putative antigen, if any, might be present.

MATERIALS AND METHODS

Cerebral white matter was obtained from a 59-year old woman about 3
hours after death; she was suffering from MS. The cerebrum from a 35-
year old man who died from a traffic accident and the cerebrum from an
1-year old child with severe mental retardation served as controls. Both
control brains showed 1ightmicroscopically no abnormalities. These brains
were obtained within 3 and 12 hours after death respectively. Cerebral

white and grey matter and cerebellum specimen were excised and immediate-
1y frozen in cooled isopenthane (-40°C). Fresh serial sections (8 jum)
were cut using a cryostate, air-dried, fixed in acetone during 10 minutes
and dried again. The sections were incubated during 30 minutes with the
monoclonal antibody OKIal (from Orthoclone) to detect Ia-positive ele-
ments in the tissue. Monoclonal antibody to glial fibrillary acid pro-
tein (GFA) was used to detect astrocytes. OKIal is known to detect mono-
cytes and Tymphocytes and is directed to the framework of class II mole-
cules of the HLA system (Reinherz et al., 1979). Peroxidase conjugated
rabbit-anti-mouse antibodies (1:20) were used as second step incubations;
there after staining was achieved by incubating the sections in a solu-
tion with AEC (3-amino-9 ethylcarbazole) and H202; counterstaining took
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place with haematoxilin. Second step solutions were diluted with 1%
normal human serum. Control sections were obtained by incubating the
sections with phosphate buffered saline (PBS) instead of OKIal or anti-
GFA.

RESULTS

Normal cerebral white matter

A1l the sections incubated with 0KIal were characterized by an al-
most complete absence of positive elements; only sporadically scattered-
Ia-positive elements were found in the cerebral white matter; the smal-
ler and larger veins were mostly negative but sometimes there was a
slight partial positivity of the inner layer representing the endothe-
Tium cells. Sporadically a positive cell adjacent to a vein was found.
Both the cerebral white matter of the child and the adult contained

about a small Ia-positive spots or cells per 40 mmz.

Other normal central nervous tissues

The adjacent cerebral grey matter contained about equal or less Ia-
positive elements with respect to the above mentioned white matter. How-
ever, in the adhering meningeal tissue many positive elements were seen
and sometimes positive blood vessels were also present. The child's cere-
bellum showed occasionally positive endothelial cells; the total number
did not outrange the number in the cerebral white matter.

MS-tissue

From the cerebral white matter of the MS patient a small waxy trans-
parant looking area was excised. This area appeared to contain a small
(2 mm) recent lesion which contained many cells: the inner part of the
brain was devoid of myelin. After staining with OKIal there was a re-
markable positivity in the section.

- The central part of the lesion was filled with many heavily stained
large rounded cells. Ia-positivity was present both at the surface and
in the cytoplasm of these cells. These cells were found around the
veins and in the already demyelinated tissue; they were often found in
close contact with lymphocytes (OKT8 positive) and these large cells
showed a clear Sudan Black B-positivity; apparently these cells repre-
sent cells of the macrophage lineage. The veins in the lesion were
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Fig. 1: Serial sections of a longitudinal tract in the cerebral "normal-
looking" white matter of a MS patient. la-antibodies (OKIal)
stain rounded cells and cells with a dendritic shape (Figure A); in
Figure B the longitudinal arranged processes of astroglial cells have
been stained (antibodies to GFA).

Bar: 100 .
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negative for la. GFA antibodies clearly stained cells in this region
which were quite different from the macrophage-like cells.

A small zone adjacent to the lesion -~ this zone may extend to about

2 mm - with normal looking white matter (as seen by the Sudan Black B
stain) appeared to contain many Ia-positive cells; the density of these
cells decreased from the edge of the lesion. These cells had a "den-
dritic" shape, but became more and more rounded as they were located
closer to the lesion. Apparently these cells represent precursors of
the macrophage-like cells in the lesion. The veins did not show any Ia-
positivity of the endothelium, but positive cells could be frequently
seen between these small veins and the surrounding limiting membrane
consisting of astroglial feet; these cells were often quite large and
looked Tike the macrophage-like cells, but also smaller rounded cells
and sometimes very small cells (pericytes?) were observed. Cells clear-
ly positive for GFA antibodies could not be observed in this region.

In the remaining white matter present in the sections there were
regions without Ia-positive cells (like the controls), but also regions,
even several millimeters apart from the lesion, containing cells with

a dendritic appearance. Serial sections of a longitudinal tract in

such a region which was stained on the presence of astroglial cells
(with GFA antibodies) and Ia-positive cells (with OKIal), revealed

that the “dendritic" Ia-positive cells were quite different from the
astroglial cells with their long processes; these processes could not
be observed in the sections stained with OKIal (Fig. 1). In the re-
maining white matter two capillaries or post-capillary venules were
seen which showed a clear Ia-positivity of the endothelium cells (Fig.
2); one of these capillaries was in close contact with an Ia-positive
large rounded cell.

DISCUSSION

In this study the data of Williams et al. (1980) were confirmed, viz.
that in human brain tissue only very small amounts or no Ia occur. We
showed that only some cells were positive; the kind of these cells is
not always clear, but at least some of these cells were endothelium cells
and some were possibly resting macrophages. However, it is possible that
in vivo more Ia might be present because of the long period of at least
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Fig. 2: Several Ia-positive cells are present in the cerebral

"normal-Tooking" white matter of a MS patient. Note
the negative endothelium of a larger vein (left) and the posi-
tive endothelium of a capillary or small vein (right; arrow).
Bar: 100 Pm.

3 hours before the tissues could be frozen. Nevertheless there is a re-
markable difference in Ia-content of the normal tissue and the MS tissue.
Increase of Ia-content in a diseased condition was also described by
Volc-Platzer et al. (1984) for human keratinocytes in cutaneous T-cell
Tymphoma and for thyroid epithelial cells in Hashimoto thyroiditis
(Aichinger et al., 1985).

The occurrence of many Ia-positive cells in the lesion area and
directly adjacent to the lesion area and the occurrence of many transi-
tional forms strongly suggests that we are dealing with the same kind of
cell. Both the findings in the described Tongitudinal tract and in the
lesion area exclude in all probability that these cells are astrocytes.
The capability of these cells to phagocytize myelin further excludes the
possibility that these cells are oligodendroglial cells. So, it might be
possible that these cells are activated microglial cells or activated
monocytes from the blood or both. However, cell counts indicate that
there is no elevated total cell number in the adjacent myelinated area
although many cells show Ia-positivity. So, it is Tikely that for the
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greater part these Ia-positive cells represent activated microglial
cells.

The question remains by which humoral or cellular factor these cells
were activated. The circular arrangement of the positive cells around
the Tesion suggest a soluble factor from the lesion (from leaking veins
or from cells in the lesion); this might be important for the perpetua-
tion of the demyelination. But in this study we were especially interes-
ted in the location of those sites where possibly induction of the immu-
ne response could or can take place. It might be possible that the Ia-
positive small veins or capillaries represent these locations.

Expression of HLA-DR is of great functional importance for the induc-
tion of an immune response (McDevitt, 1980; Unanue, 1981) and in this
context the clear positivity of endothelium cells of some smaller vessels
is an intriguing observation. What factors cause these cells to be Ia-
positive? Are they cells and do they originate from the peripheral blood
(sensitized lymphocytes and/or their lymphokines) or from the central
nervous system (viz. astroglial cells)? la-expression of human endothe-
Tial cells (Pober et al., 1983) and rat astrocytes (Fierz et al., 1984)
can be induced by y-interferon; astrocytes can produce interleukin-1
(Fontana et al., 1982). The putative antigen, whatever it may be and if
there is an antigen, in MS may originates from abnormal myelin break-
down products transported by astroglial cells to the veins.

Many questions remain to be solved; from this study it will be clear
that our attention in future have to be focussed not only on the lesions
in MS patients, but also on the normal Tooking myelin of MS patients.
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Developmental Aspects of
Oligodendrocyte Structure and Function

M. SCHACHNER

An understanding of the development and function of oligodendrocytes
is a central issue in assessing the contribution of these cells to the
pathology of multiple sclerosis. In particular, repair processes, especi-
ally those which relate to neuron-glia and possibly also to astrocyte-
oligodendrocyte interactions, have to be considered in terms of develop-
mental plasticity. In addition, the characterization of oligodendrocyte-
specific cell surface antigens is expected to elucidate the possible
antigenic targets of immune mechanisms leading to the elimination of
oligodendrocytes in the disease. We have started to characterize cell
surface markers recognized by monoclonal antibodies to define developmen-
tal stage- and subclass-specific oligodendrocyte populations and probe
for their relation to oligodendrocyte differentiation and interactions
with other neural cell types. Furthermore, we have investigated the mem-
brane properties of cultured oligodendrocytes using electrophysiological
methods and have compared these to the other macroglial population, the
astrocyte.

After initial attempts to characterize markers of oligodendrocytes
by polyclonal antibodies (Berg and Schachner, 1982; Schachner, 1974;
Schachner and Willinger, 1979), we succeeded in isolating monoclonal anti-
bodies to cell surface markers of oligodendrocytes characteristic of dif-
ferent developmental stages (Kuhimann-Krieg et al., 1985; Nieke et al.,
1985; Schachner et al., 1981; Schnitzer and Schachner, 1982; Sommer et al,
1985; Sommer and Schachner, 1981, 1982). Immunoselection of live oligo-
dendrocytes was achieved using antibodies coupled to magnetic beads

153
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(Meier et al., 1982; Meier and Schachner, 1982), thus providing the basis
for the controlled investigation of pure oligodendrocytes in culture.

0f the twelve monoclonal antibodies designated 01 through 012 and
which have been characterized so far, 03, 04, 05 and 06 have been shown
to react with sulfatide. Galactocerebroside is recognized by antibodies
01, 02 and 07. Antigens 08, 09 and 011 are yet unidentified glycolipids.
Antigen 010 is no longer detectable on trypsin-treated live cells and is
therefore most likely a protein or glycoprotein. During development this
group of antibodies is the first to react in the intact brain tissue in
prospective white matter tracts and in vitro with the cell surface of
lTive cultured cells. The group of antigens to appear subsequently within
the population of 04 antigen-positive cells consists of antigens 07, 01
and 02. Antibodies 08 through 011 recognize subsets of 04-positive oligo-
dendrocytes at differentiative stages advancing with increasing O number.
Antigens 011 and 012 are the latest to become recognizable within the set
of 04 antigen-positive cells. Interestingly, 011 antigen-positive cells
are not completely comprised within the 010 antigen-positive cell popula-
tion, since 011 antigen-positive cells can be recognized that are not 010
antigen-positive. Similarly, not all 08 antigen-positive cells appear to
be comprised within the 04 antigen-positive cell population. Antigens 011
and 012 are recognized predominantly on a morphologically distinct cell
type of "hairy eyeball" morphology with large, sometimes bipolar cell
bodies (up to 30 pm) surrounded by high amounts of membranous material de-
void of cytoplasm. These observations suggest that the monoclonal anti-
bodies recognize not only different developmental stages, but also diffe-
rent subclasses of oligodendrocytes.

Antigen 010 is expressed in the central, but not peripheral nervous
system and in the hypomyelinating mouse mutants quaking, shiverer and
Trembler, but not in jimpy nor the rat mutant myelin deficient (md). Since
antigens 011 and 012 are detectable in jimpy and myelin deficient animals,
the absence in expression of 010 antigen points to a specific defect rather
than to a more general abnormality in oligodendrocyte differentiation. All
antigens are expressed in addition to mouse and rat also in rabbit, lamb,
chicken and human.
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Astrocytes support the differentiation of oligodendrocytes in culture,
but under our culture onditions not all signals are present to induce com-
plete differentiation of these cells (Meier et al., 1985; Schachner et al.,
1983).

Membrane properties of cultured oligodendrocytes, such as membrane
potential, input resistance and Kt pump activity are not modified by 0 anti-
bodies over a time period of several hours (Kettenmann et al., 1985b; see
also Gilbert et al., 1984; Kettenmann et al., 1982; Kettenmann et al.,
1983a, b; Kettenmann et al., 1984b, c, d; Kettenmann et al., 1985a). Also,
some 0 antibodies seem to affect the capacity of oligodendrocytes to myeli-
nate in organotypic cultures of mouse spinal cord (Kuhlmann-Krieg and
Schachner, unpubl. observations).

Further support for a heterogeneity in oligodendrocyte populations
comes from the observation that p-aminobutyric acid (GABA) depolarizes
in a dose-dependent manner approximately one-third of all immunologically
identified oligodendrocytes in heterogeneous cultures of mouse spinal
cord. Measurements of [Rﬂo indicate that the response to GABA is not
due to K released from active neurons. The depolarization is not accom-
panied by a change in cell input resistance. Replacement of sodium in the
bathing solution abolishes the entire response, whereas ouabain only in-
hibits the repolarization phase. Bicuculline and picrotoxin, but not nipe-
cotic acid reduce the GABA effect. Pentobarbital and chlordiazepoxid also
reduce the GABA-induced depolarization. Muscimol produces a depolarization
similar to that of GABA. These pharmacological investigations suggest that
the receptor mechanism has some similarity to the neuronal GABAA receptor.
Further, heterogeneity in oligodendrocyte populations is also indicated by
the observation that some cells respond to both GABA and glutamate, while
others respond only to one and some are not responsive to either. A similar
heterogeneity in response to the neurotransmitters GABA and glutamate has
so far not beenfound in cultured astrocytes (Kettenmann et al., 1984a).

Our study supports the notion that oligodendrocyte differentiation is
revealed by changes in the pattern of cell surface antigen expression and
that oligodendrocyte populations in culture are heterogeneous with respect
to expression of cell surface markers and to functional cell surface pro-
perties, such as the receptor mechanisms for direct membrane responses to
GABA. Furthermore, abnormalities in cell surface properties specific for
one particular antigen could be detected in the particular case of two
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hypomyelination mutants, jimpy and myelin, but not in others, suggesting
that a specific gene detect may result in a specific loss of a central
nervous system marker of myelinating cells rather than a more general loss
or retardation of oligodendrocyte differentiation. In addition, the obser-
vation that the myelin associated dlycoprotein (MAG) shares a functionally
relevant carbohydrate epitope (Keilhauer and Schachner, 1985) with the
cell surface glycoproteins L1 and N-CAM involved in cell adhesion and
recognition among neural cells (Kruse et al., 1984) opens the possibility
to investigate oligodendrocyte cell surfaces in the context of cell adhe-
sion mechanisms. Since this carbohydrate epitope is also recognized by HNK-
1, a monoclonal antibody directed against lymphocyte subpopulations in-
cluding natural killer cells, a search for the functional relevance of
this epitope and the cells expressing it seems warranted, particularly
with regard to disorders of the immune system affecting the nervous
system.
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Monoclonal Antibodies Against Oligodendrocytes;
A Morphological Study

H. J. TER LAAK, M. SCHACHNER and O. R. HOMMES

INTRODUCTION

Recently various monoclonal antibodies against oligodendrocytes (so-
called O-antibodies) were developed by Schachner and her co-workers
(Sommer and Schachner, 1981; Sommer et al., 1985). It is generally accep-
ted that in MS demyelination of central nervous tissue is responsible for
the clinical abnormalities in the long run. This demyelination means that
the oligodendrocytes, which make the myelin, are concerned and it also
means that these cells at least lose their cell processes which cover the
axons. In spite of this demyelination there are various reports dealing
with some kind of remyelination (Hommes, 1980). Till now treatment of MS
is not always very successful and policies must be centered on inhibiting
this demyelination and on stimulating remyelination, if possible, via
direct or indirect ways. Therefore, accurate knowledge of de- and remyeli-
nation processes is necessary.

In principle Schachner's 0-antibodies can inform us whether there is
remyelination or not, because these antibodies can recognize myelin in

distinct stages of differentiation. So, the monoclonal antibodies 03, 04,
05 and 06, which recognize sulfatide, are the first to react in intact
brain tissue in prospective white matter tracts; subsequently, antigenic
determinants of galacto-cerebroside (07, 01 and 02) are recognized and
finally the antibodies 08 through 011 recognize oligodendrocytes at fur-
ther differentiative stages advancing with increasing O-number; the latter
antibodies are directed tounidentified glycolipids with the exception of

010 which represents a protein or glycoprotein.
159
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In this study seven 0-antibodies (designated 05 through 011) were
tested on their capacity to detect oligodendrocytes and myelin in the
central nervous system.

MATERIALS AND METHODS

Monoclonal antibodies against oligodendrocytes (05 through 010) were
obtained from hybridoma clones from mice injected with bovin corpus callo-
sum (05, 06 and 08 to 010) and with a preparation of synaptosomes (07);
monoclonal antibodies against the antigen 011 were obtained from a hybri-
doma clone from a rat injected with a membrane preparation of mouse cere-
bellum (Sommer et al., 1985). Polyclonal antibodies against glial fibril-
lary acid protein (GFA) were used to detect the presence of astrocytes.

Tissue specimens from normal human cerebrum and cerebellum, from the

pons of a MS patient and from the myelum of a rat were frozen in cooled
isopenthane and cut with a cryostate microtome (6 um thickness); the
sections were air-dried and prior to incubation fixed in acetone during
10 minutes; in another set of sections no acetone-fixation was applied.
In a separate experiment deparaffinized sections (4 um) from formaldehyde-
fixed normal human cerebrum and cerebellum and from the medulla oblongata
of a MS patient were also used to detect the efficiency of these monoclo-
nal antibodies.

Immunostaining was achieved by incubating the cryostate sections with
antibodies using the indirect peroxidase method and the deparaffinized
sections with antibodies using the PAP-technique. The O-antibodies were
used at a dilution of 1:10 or 1:20 during 30 minutes at room temperature
(cryostate sections) and 18 hours at 4%¢ (deparaffinized sections). In the
indirect method peroxidase-labeled rabbit-anti-mouse Ig (Dako) at a

dilution of 1:10 was used and in the PAP-technique rabbit-anti-mouse IgG
(1:20; Dako) and mouse-PAP (1:100; Pelfreez) were applied as the second

and third step during 30 minutes at room temperature.

Immunostaining of astrocytes was achieved by using the following
antibodies at appropriate dilutions: antibodies against GFA (Dako), per-
oxidase labeled goat-anti-rabbit (Nordic), swine-anti-rabbit IgG (Fc) from
Nordic and rabbit-PAP (Nordic).

Specifity was tested by using phosphate buffered saline (PBS) in the first
step instead of 0- or GFA-antibodies.
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RESULTS

Formaldehyde-fixed tissues from normal human cerebrum and cerebellum
and from the medulla oblongata of a MS patient appeared to be completely
negative after immunostaining with the oligodendrocyte antibodies except
for 010, which was only positive for the astroglial cells. These cells
were also clearly stained after incubation with GFA-antibodies. Especially
the sections from the medulla oblongata of a MS patient showed a remark-
able resemblance of the plaque area after staining with 010- and GFA-anti-
bodies.

The cryostate sections fixed for 10 minutes in acetone did show a
clearly visible diffuse myelin positivity after being incubated with 07,
08, 09, 010 or 011; this was true for all human tissues examined in this
investigation; however, the cell bodies of the oligodendrocytes could not
be observed; 010 did stain the astroglial cells as seen by their processes
and their astroglial feet around the blood vessels; antibodies against GFA
also stained the latter elements, but with 010 the positivity was even
better, especially in the transitional region between the grey and white
matter in the normal human cerebrum. The molecular layer and the Purkinje
cells in the cerebellum also appeared to be clearly positive after incuba-
tion with 010-antibodies, the positivity had a dotted aspect lightmicros-
copically.

From Tongitudinal rat myelum sections it was observed that the white
matter of the myelum itself was positive and that the peripheral white
matter from the roots was negative both with 010- and 0ll-antibodies. The
cryostate sections which were fixed with acetone and which were incubated
with 05- or 06-antibodies did not show any positivity of the myelin.

However, if acetone fixation was omitted 05- and O6-antibodies did
stain the myelin which was observed in normal human cerebrum and cerebel-
Tum and in the myelin containing areas outside the plaques in the pons.

DISCUSSION AND CONCLUSIONS

From the above mentioned results it will be clear that mature myelin
of the central nervous system can be stained by using the O-antibodies.
The cell bodies of the oligodendrocytes cannot be discerned in histologi-
cal sections. It is also clear that unfixed tissues have to be used and
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that even mild acetone-fixation ought to be omitted (especially for 05-
and 06 antibodies). Cross reactivity of 010-antibodies with astroglial
cells and Purkinje cells was observed in the experiments. From earlier
experiments (Sommer et al., 1981) it was already known that fixation of
cerebellum cultures leads to immunolabelling of astrocytes by 0-antibodies
which was due to intracellularly localized cross-reactive components in
these cells (Schachner, 1983); so, the specificity of the 0-antibodies for
oligodendroglial cells is only guaranteed for intact cells.
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The Relationship of Immunological and
Histological Abnormalities in Multiple Sclerosis

I. V. ALLEN

It is well known that immunoglobulins generally and viral antibodies
particularly have elevated levels in the cerebrospinal fluid (CSF) in
multiple sclerosis. At least part of the IgG has a constant oligoclonal
isofocusing (IEF) spectrum. The pathogenic significance of this finding
is unknown though it is often assumed that the CSF IgG is produced, at
least in part, by plasma cells in inflammatory cell infiltrates within
recent plaques and may be directed against a primary antigen of patho-
genetic significance. Several workers have succeeded in eluting IgG from
plaques and from apparently normal white matter in the brain in MS. IgG
of plaque origin has an oligoclonal IEF pattern which has not to date
been compared with the CSF pattern in the same patient. By contrast,
apparently normal white matter has a polyclonal pattern resembling that
of serum (Glynn et al., 1982). Various detailed pathological studies
have demonstrated the presence of plasma cells and lymphoid cells in
active Tesions in MS and immunohistochemistry has confirmed the positi-
vity of these cells for IgG, supporting the view that they are the
source of plaque IgG. It is recognised however that very early demyeli-
nated lesions do not invariably contain inflammatory cells and further
anomaly is Tavolta's (1975) finding that old plaques, when stained by
immunofluorescent techniques, apparently contain more IgG than recent
plaques. Because of the practical implications of the cellular source
of IgG in the interpretation of immunochemical studies in MS and be-
cause of the possible basic pathogenetic significance of the IgG abnor-
malities in this disease, we have attempted to answer this question by
163
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a detailed histological-immunochemical study of samples of postmortem
brain in which the cellular composition has been related to IgG content,
both in amount and IEF pattern.

MATERIAL AND METHODS

Postmortem brain samples were obtained from 5 cases of classical MS.

The brains were frozen slowly before sectioning to -20°C and stored at
-70°c. Partially thawed samples of plaque, periplaque, apparently normal
white matter and grey matter were dissected for biochemical and histolo-
gical assessment according to a standard protocol (Table 1). Control

TABLE 1
THE RELATIONSHIP BETWEEN PLAQUE HISTOLOGY AND IeG STUDIES IN MS

BRAIN
FrozEN FRESH
\ /
PLaquEs  DIssECTED
S~
FROZEN \102 BUFFERED FORMALIN
| |
BIGCHEMISTRY HISTOLOGY
OLIGOCLONAL 1G/SOLUBLE FRACTION GENERAL MORPHOLOGY
TOTAL 1GG/UNSOLUBLE FRACTION NERVE FIBRE STAIN
SOLUBLE [5G/ALBUMIN RATIO MYELIN STAIN
NORMAL CONTROLS IMMUNOPEROXIDASE TECHNIQUES

166
GFA

material for the biochemical study was obtained from 3 cases of subacute
sclerosing panencephalitis (SSPE) brain and from 9 normal brains. Control
material for the immunohistochemical study was obtained from one normal
brain, one case of SSPE and various samples of human glioma.

Methods for homogenising brain tissue, determinations of soluble and
particulate-bound IgG and albumin, and IEF with immunoperoxidase stai-
ning for IgG have been described previously (Glynn et al., 1982). All
formalin fixed samples were embedded in paraffin; sections were stained
by haematoxylin-eosin (H&E) and Tuxol fast blue (LFB) techniques. All
samples were also stained using a direct immunoperoxidase technique for
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human IgG and for glial fibrillary acid protein. Control staining was
done on selected sections: the various controls are given in Table 2.

IABLE 2

THE RELATIONSHIP BETWEEN PLAQUE HISTOLOGY AND ls6 STUDIES IN MS

I6G CONIROLS

HeGATIVE PostTive
NORMAL SWINE SERUM LYMPHOID TISSUE - TONSIL
Now-IMMUNE NORMAL RABBIT SERUM
I66
IeM

MuMps VIRUS

INFLUENZA VIRUS
CANINE DISTEMPER VIRUS
FIBRONECTIN

PosT-MorTEM ABSORPTION OF l6G BY
ASTROCYTE CYTOPLASMIC RECEPTORS

Samples were assessed histologically without knowledge of the IgG re-
sults. The histological findings were recorded on a standard protocol
and plaques were designated "recent", "active" or "inactive" according
to the criteria given in Table 3. Many samples showed at least two

IABLE 3

THE RELATIONSHIP BEIWEEN PLAQUE HISIOLOSY AND 1.6 STUDIES IN 1S

I

PLAOUE  CATEGORISATION

"RECENT" CELLULARITY T
FREE LIPIDS
IRFLAMMATION

"ACTIVE" CELLULARITY N OR 4
FREE LIPIDS
INFLAMMATION

"INACTIVE" CELLULARITY N2
O FREE LIPIDS
NO THFLAIMATION

13 4t SUBJECTIVE

+ “0F NO SIGHIFICANCE"
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phases of demyelination and were included in a combined category. 33
Plaques were assessed. Of these none was categorised as "recent". There
were 12 active, 6 showing both active and inactive features and 15 in-
active plaques. Histological preservation and histochemical staining
was good. There was no significant difference in IgG levels in active
and inactive plaques.

SUMMARY AND CONCLUSIONS
The significant finding in this study was the lack of correlation
between plaque activity, inflammation and plaque IgG content. Some pre-

vious studies have demonstrated immunocompetent cells with the MS plaque
and others have shown that IgG can be eluted from plaques. The has led
to a false conclusion that the source of IgG within plaques must inevi-
tably be immune-competent cells.

The present study indicates that, while in recent or active lesions,
immune-competent cells may make some contribution to the IgG content, in
all plaques the astrocytes contain IgG and may be a significant source

of the IgG eluted from plaques. The interpretation of these findings
will be discussed.
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Towards Cloning of Lymphoid Cells from
Cerebrospinal Fluid

F. ROTTEVEEL, E. BRAAKMAN and C. ]. LUCAS

INTRODUCTION

There is little doubt that T cells occur within the sites of inflamma-
tory reactions seen in the central nervous system (CNS) of MS patients.
Most probably, there is a relation between lesions of the CNS and the com-
position of CSF. Indeed, the evidence for involvement of the immune system
in the etiology of MS stems from findings on the CSF: the CSF of MS pa-
tients has been found to contain IgG of restricted heterogeneity, most of
which is synthesized within the CSF (Link, 1967). Moreover, the CSF of MS
patients contains lymphoid cells. Many of the T cells present appear to
be activated (Noronha et al., 1980).

Analysis of lymphoid cells in the CSF has led to conflicting results.
Panitch and Francis (1982) reported that among T cells in the CSF, the
proportion of 18" cells is relatively decreased. Sandberg-Wollheim (1983)
also reported decreased T8+ cell numbers but the differences were not sig-
nificant. Cashman et al. (1982) observed low numbers of T8+ cells only

during exacerbations whereas Hauser et al. (1983) observed a normal pro-

portion of T8+ cells among T cells in the CSF. Finally, Hommes and Brink-
man (1984) reported that a low proportion of 18" cells in the CSF is cor-
related with a high total CSF cell number. Although this finding needs to
be confirmed it would lend support to the notion that a low level of sup-

+
pressor cells (supposedly contained within the T8 subpopulation of human
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T lymphocytes) can be held responsible for both the elevated IgG concen-
trations and the elevated cell numbers in the CSF.

The data from Hauser et al. (1983) and Weiner et al. (1984) suggest a
relation between low T8+ cell numbers in peripheral blood and a high num-
ber of total T lymphocytes in CNS. Such a correlation was not found by
Steck and de Flaugergues (1984) and was not mentioned by Hommes and
Brinkman (1984).

The study of lymphoid cells in compartmentalized areas (such as the
CNS) has been hampered by the extremely small numbers of cells available
for study. However, recent advances have made it possible to clone and
expand T lymphocytes in the presence of interleukin 2 (I1-2), a T-cell
growth factor (MacDonald et al., 1982; Moretta et al., 1983).

The following approaches to grow CSF T cells are possible:

1) Polyclonal activation of 'bulk' cultures (Clark et al., 1984).
2) Selective activation of 'bulk' cultures using specific antigens

(Richert et al., 1983; Burns et al., 1984).

3) Culture of lymphocytes at limiting cell numbers in the presence of a

polyclonal activator (Fleisher and Bogdahn, 1983).

4) Culture of cells at limiting numbers in the presence of specific
antigens.
Recently two studies were reported where CSF cells were first grown in
bulk cultures and subsequently cloned (Birnbaum et al., 1984; Santoli et
al., 1984). Due to the small amount of published data and the differences
in the methods of selection employed, it is not possible at this stage to
present even a preliminary description of the types and specificities of
T-cell lines or clones derived from MS CSF samples. However, it has al-
ready been demonstrated that clonal expansion of T cells from CSF is fea-
sible.

Only few studies have been reported on the analysis of B lymphocytes
in the CSF of MS patients. It has been observed that lymphocytes in the
CSF contain lower proportions of B cells as compared to peripheral blood
(Sandberg-Wollheim, 1974 & 1975; Kam-Hansen, 1980). CSF B lymphocytes can
synthesize Ig in vitro (Sandberg-Wollheim, 1975; Henriksson et al., 1981).
From the data of Hendriksson et al. (1981) it appears that B cells from
CSF contain an increased proportion of cells which are actively synthesi-
zing Ig. Based on the occurrence of oligoclonal IgG, the composition of

which is apparently constant over prolonged periods of time, it is assumed
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that B lymphocytes in the CNS are of limited heterogeneity (Sandberg-
Wollheim, 1974). There are indications that distinct heterogeneity pat-
terns occur within each plaque (Mattson et al., 1980). To further eluci-
date this, it seems worthwhile to try to establish long-term cultures of
CSF B lymphocytes.

Potentially the expansion of cloned CSF cells provides a powerful tool
to study the immunologically relevant cells in the CSF. We have set out to
study the cellular content of the CSF in a way which would allow charac-
terization of a representative sample of the cells. A prerequisite is the
availability of a culture method that allows the growth of virtually every
single T cell. It would also be necessary to know the conditions to main-
tain functional activities of cell lines and clones. Currently available
cloning procedures tend to favour outgrowth of T4+, helper-type, prolife-

+
rating cells rather than the T8 cytotoxic subpopulation.

MATERIALS AND METHODS

Isolation of lymphocytes from CSF. CSF lymphocytes from MS or other pa-

tients were obtained by diagnostic lumbar puncture. Approximately 7 ml of
CSF was collected in a tube that contained 1 ml of foetal calf serum (FCS).
The CSF-FCS mixture was immediately centrifuged. The supernatant (used for
further analysis) was removed and the cells were resuspended in RPMI sup-
plemented with 10% FCS. PBL from the same donors were also obtained. PBL
were generally obtained by leucophoresis. Mononuclear cells were isolated
by flotation on Ficoll/hypaque. All CSF lymphocytes and PBL were cryopre-
served. CSF lymphocytes were stored in aliquots of 103—104 cells. Recovery

after thawing was 80-90% and the viability was always greater than 95%.
Cloning of T lymphocytes. Lymphocytes were seeded in wells of Terasaki

microtest plates at 1 cell/well in the presence of 104 irradiated, autolo-
gous PBL in 20 pl of RPMI-1640 medium supplemented with 20% pooled human
serum and 15% of an I1-2 containing conditioned medium. To induce poly-
clonal activation 1% phytohaemagglutinin (PHA) was added. Wells were
checked for growth every three days. Growing colonies were transferred to
larger wells. From then on the medium was partially replaced every 3 to &4
days. Every 7-10 days irradiated autologous PBL were added as feeder cells.
Using specific stimulation in a similar protocol (omitting the PHA) we
obtained specific T cell clones from antigen exposed bulk cultures. The

autologous feeder cells are antigen-pulsed, virus-infected (measles virus
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or influenza virus) or virus-transformed.

RESULTS

Efficiency of polyclonal activation of single cell culture. Peripheral

blood lymphocytes from several donors were cultured at 1 cell/well (ave-
rage) in the presence of 1% PHA and 15% Con-A supernatant as a source of
I1-2. A representative experiment is shown in Table 1. When taking into
account that the PBL sample contains approximately 70% T cells, the clo-
ning efficiency can be estimated (using Poissons formula) to be around 50%.
When stained with anti-T4 or -T8 monoclonal antibodies the majority of the

clones proved to be LA

TABLE 1. CLONING EFFICIENCY WITH PHA and I1-2
Number of wells with cell growth in a total of 240 wells*
Donor D10 D11 D12 P11
56 70 46 47
*PBL were plated at 1 cell/well (average)

Establishment and maintenance of cloned T cell lines. Although clones of

functional T lymphocytes can readily be grown, the maintenance of func-
tionally active T cell clones is not always successful. We have been able
to prepare several antigen-specific proliferating cells which can serve as
positive controls in CSF T cell cloning studies. It has proved more diffi-
cult to establish and maintain specific cytotoxic cells. The time and time
interval of antigen presentation, the dose of antigen and the time of ad-
dition and the amount of I1-2 added, all appear to affect growth patterns
and functional cytotoxic activities. We found that re-exposure to the re-
levant antigen or addition of I1-2 can prolong cytolytic activities (Table
2A). Furthermore, we have observed that during a second cycle of antigen
presentation and addition of growth factor optimal results are obtained if
the addition of I1-2 is postponed 48 hours after addition of antigen
(Table 2B) which might be explained by increases in the level of I1-2
receptor expression. Using a protocol based on these findings we have suc-
cessfully prepared measles virus, influenza virus and Epstein Barr virus

specific cloned cytotoxic T cell lines.
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TABLE 2.
A. MAINTENANCE OF CYTOTOXIC ACTIVITIES IN VITRO. EFFECT OF
RE-EXPOSURE TO ANTIGEN-PULSED CELLS OR Il1-2.

Day of assay LU/culture
restimulated day 7 14 <1
I11-2 day 7 14 82
restimulated day 10 14 10
I11-2 day 10 14 950

B. ADDITION OF I1-2 AFTER ANTIGEN RE-EXPOSURE APPEARS TO
RESULT IN OPTIMAL RESTIMULATION

Ag I1-2 Day of assay LU/culture
10 8 11 0
10 10 13 16
10 12 15 . 129

Analysis of cells in CSF of an SSPE patient. CSF cells from an SSPE pa-

tient were stored in liquid nitrogen. After thawing cells were plated at

1 and 5 cells per well in the presence of PHA and I1-2. In addition, cells
were plated at 3 cells/well in the presence of measles virus-infected au-
tologous antigen presenting cells. The remainder of the CSF cells were
cultured with measles virus-infected cells. No clones were obtained from
the cultures with measles virus. Approximately 150 clones were obtained
from the cultures which were stimulated with PHA. None could be shown to
proliferate in response to measles virus antigens and none of the clones

could kill measles virus-infected autologous target cells.

DISCUSSION
Only few studies have dealt with long-term growth of CSF T cells.
Clark et al. (1984), who made no attempts to clone, obtained several cell

lines, most of which had the T3+,T4+ phenotype. Birnbaum et al. (1984) and

Santoli et al. (1984) grew CSF cells in bulk culture and obtained a number
of clones from these bulk cultures that displayed alloreactivity or natu-
ral killer activity. Richert et al. (1983) obtained MBP-specific and

measles-specific T cell lines from the CSF of MS patients. However, the
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fact that Burns et al. (1984) succeeded to obtain a tetanus-specific T
cell line from CSF lymphocytes, indicates that mere selection of an anti-
gen-specific T cell should be considered with caution. As far as we know
the approach used by Fleisher and Bogdahn (1983) to use polyclonal activa-
tion of single cell cultures has not yet been exploited for MS-CSF cell
study. Clearly, it is easier to follow such an approach with a CSF sample
from a meningitis patient where the antigens of the responsible pathogen
are known. We have shown that such an approach is feasible and that a
large number of clones can be generated. We obtained T4+ and T8+ cytotoxic
cell lines. So far we have not yet succeeded in obtaining an MBP-specific
clone with cells from two different CSF samples from MS patients. Unfortu-
nately such a comprehensive analysis of CSF cells cannot be done with more
than a few CSF samples. Also it remains to be shown that at the level of a
cloning efficiency of 50%, as we currently achieve, the growing cells are
indeed representative.

Although the development of long-term growth of T cell clones using
interleukin-2 will undoubtedly broaden our insight into the nature of lym-
phoid cells in CSF, one should realize the limitations. At the moment we
can only hope that the use of this technique will help to identify the
specific antigens involved in the etiology and pathogenesis of multiple
sclerosis. It seems likely that cloning efficiency and growth patterns
will vary from patient to patient and for a given patient will vary in
time. The expected differences between patients necessitates population
studies which have to be done in multicentre cooperation, by which ex-
change of control cell lines would facilitate analysis of the cell lines

obtained.
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Activation of Natural Cytotoxic Activity In Vitro
with Lymphocytes from Patients with
Multiple Sclerosis

E. BRAAKMAN, A. VAN TUNEN and C. ]J. LUCAS

INTRODUCTION

Natural killer (NK) cells are defined as lymphocytes with the capa-
city to lyse certain tumor cells and virus-infected cells without prior
immunization (Herbermann and Holden, 1978). These cells constitute a hete-
rogeneous subset of the lymphoid cell population. It has been demonstrated
that interferon (IFN) plays an important role in the regulation of NK ac-
tivity (Ortaldo et al., 1983). Recently, it has been demonstrated that
interleukin-2 (I1-2) can also enhance NK cell activity (Grimm et al., 1983;
Devos et al., 1984). Furthermore I1-2 has an important role in the regula-
tion of IFNy production (Kawase et al., 1983). This was confirmed with
pure recombinant I1-2 by Svedersky et al., 1984 and by ourselves. Although
the role of the endogenously produced IFNy in the augmentation of NK acti-
vity by I1-2 has been a controversial issue, there is increasing evidence
that the enhancement of NK activity by I1-2 is only partly mediated by
IFNY (Svedersky et al., 1984; Braakman et al., manuscript in preparation).
Although the precise mechanisms by which NK activity are regulated remain
to be established it is attractive to hypothesize that NK cells play a
significant role in the natural resistance against virus infections. Among
the immunoregulatory abnormalities in MS patients it has been reported

that NK activity is decreased (Benczur et al., 1980; Hauser et al., 1981;
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Uchida et al., 1982, and Neighbour et al., 1982) and that IFN production
is impaired (Neighbour and Bloom, 1979, and Benczur et al., 1980).

In this report we have studied the endogenous NK activity and the NK
activity augmented by recombinant I1-2 and recombinant IFNy in lymphoid
cells from 40 MS patients in comparison with 40 age and sex matched heal-
thy controls. Possible mechanisms of dysregulation of NK activity in MS

patients will be discussed.

PATIENTS AND METHODS

Patients and healthy donors. Patients came from three neurological clinics.

The cooperation of Drs van Walbeek, Koetsier and Sanders from respectively:
Onze Lieve Vrouwengasthuis, The Free University Hospital, both in Amster-
dam, and the Academic Hospital Leiden, is gratefully acknowledged. In all
patients a definite diagnosis of MS was established. The median age of the
patients was 41, the youngest being 23, the oldest 62. The group includes
23 females and 17 males. Twenty-three patients had the chronic progressive
form of the disease. At the time of study none of the patients were trea-
ted with corticosteroids or other immunosuppressive agents. Fourty heal-
thy blood donors matched for age and sex were used as controls.

Culture conditions and NK assay. All experiments were performed with peri-

pheral blood lymphocytes (PBL) that had been stored in liquid nitrogen.
Cells were cultured in RPMI 1640 supplemented with 2 mM L glutamine, 100
U/ml penicillin, 100 pg/ml streptomycin and 6% pooled human plasma at a
concentration of 2-106 cells/ml in a volume of 2 ml. Endogenous NK acti-
vity was measured on the next day. K562 cells were used as target cells in
a 5-hr chromium release assay.

Treatment with rec I1-2 and rec IFNy. Recombinant human interferon-y was

a gift from Boehringer. Recominant human I1-2 (Batch 37 B, Biogen S.A.,
Geneva, Switzerland) was a generous gift from Dr. W. Friers, Ghent,
through Dr. H. Schellekens, Primate center TNO, Rijswijk, The Netherlands.
At the onset of culture 50 U/ml rec I1-2 or 50 U/ml rec IFNy was added.
The NK activity was then measured on day 4.

Statistics. The nonparametric method of Mann Whitney was applied to per-
form the statistical analysis. Significance was accepted throughout at the
P<0.05 level.

RESULTS
Endogenous NK activity. PBL from 40 MS patients and 40 age and sex matched
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healthy controls were tested for endogenous or spontaneous NK activity on
K562 target cells. The endogenous NK activity of each individual patient
or control donor at an effector to target (E/T) ratio of 40:1 is shown in
Figure 1. It can be seen that extensive variation in the level of endoge-
nous NK activity exists between individual patients as well as between
individual controls. Statistical analysis reveals that the group of MS
patients have a significantly lower (p=0.03) endogenous NK activity than

the healthy control group.

Fig. 1. Endogenous, I1-2- and IFNY augmented NK activity of MS patients
and healthy controls.

Each dot represents the endogenous, I1-2- or IFNy augmented NK activity of
one MS patient or healthy donor. Data are given as percentage lysis of
K562 at an E/T ratio of 40:1.
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Fig. 2. Augmentation of NK acti-
vity induced by I1-2 and IFN in
MS patients and healthy controls

Increment is given at an E/T
ratio of 10:1. Each triangle
represents the difference
between the augmented NK acti-
vity and the endogenous NK ac-
tivity on day 4.

NK activity augmented by I1-2 and IFNy. Previous studies from this labora-

tory showed that I1-2 and IFNYy can enhance NK activity in cultures of lym-
phoid cells of healthy blood donors. Part of the enhancing effect of I1-2
on NK activity is mediated by the endogenously produced IFNy and part is
direct activation of NK precursor cells by I1-2 in an IFNy-independent way.
The NK activity of MS patients can also be enhanced by I1-2 and IFNy (Fig.
1). The NK activity enhanced by I1-2 is significantly lower in MS patients
than in controls (p=0.03). In contrast, the NK activity generated after &
days of culture in the presence of IFNy did not significantly differ be-
tween patients and controls (p=0.13). Figure 2 shows the increase by I1-2
and by IFNy for each individual. Each triangle represents the difference
between the NK activity after culture in the presence of I1-2 or IFNy and
the endogenous NK activity on day 4 of one given cell sample from a pa-
tient or a control individual. Since in a number of cultures the cytotoxic
activity at a 40:1 E/T ratio could be at or near the plateau level, we
have calculated the increment seen with I1-2 or IFNy for the data obtained
at an E/T ratio of 10:1. NK activity of nearly all patients and controls
can be enhanced by both I1-2 and IFNy. It can be seen that there are more
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low responders to I1-2 in the MS group compared to the healthy control

group. This results in a significantly smaller increase of NK activity due
to I1-2 treatment in the group of MS patients than in the controls (p=
0.02). However, there is no difference in the increase of NK activity by
IFNy between MS patients and controls (p=0.48).

An association of low NK activity with the presence of HLA DR2 has
been suggested by Benczur et al., 1980. This could not be confirmed by
Hauser et al., 1981. We have compared DR2+ MS patients with DR2™ MS pa-
tients. No differences were observed between these two groups with respect
to endogenous NK activity or NK activity enhanced by I1-2 (Table I).
Merrill et al., 1982, reported an association of low NK activity with the
active and chronic form of MS whereas stable MS patients were similar to
the control group. In our group of 40 MS patients, no differences were
observed between chronic progressive and stable MS patients with respect

to endogenous NK activity or NK activity enhanced by I1-2 (Table I).

TABLE I. NK activity in different patient groups.

Group No. of Patients Endogenous NK I11-2 augmented NK
Dr2~ 15 35.1 % 22.4 41.7 + 23.2
pr2’ 18 32.6 * 17.3 42.0 + 22.0
Chronic

progressive 22 34.4 £ 20.5 43.1 * 19.7
Remission 16 35.0 * 24.0 45.5 + 27.3

NK activities of lymphocytes from several groups MS patients before and
after stimulation with I1-2. Data are presented as percentage lysis of
K562 cells at an E/T ratio of 40:1. Analysis of data at 10:1 E/T gave
similar results.

DISCUSSION

Our data confirm that endogenous NK activity of PBL of MS patients is
significantly lower than that of healthy controls. In addition, we have
shown that PBL of MS patients are poor responders to I1-2. Or, perhaps
more to the point, a greater number of MS patients respond poorly to I1-2
than controls do. The low endogenous NK cell function and the diminished
enhancement after I1-2 exposure may be ascribed to a defective response to
I1-2 which could lead to defective IFNy production. Alternatively, it is

possible that addition of I1-2 results in adequate amounts of newly syn-
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thesized IFNy but that the response of the cells to IFNy with regard to NK
induction is impaired in PBL from MS patients. A poor response to IFNy
seems unlikely since PBL of MS patients can respond equally well to exoge-
nous IFNy as controls (Fig. 2). Hence, we would favour the notion that
leukocytes from MS patients have a low direct response to IL-2 both in
terms of produced IFNy as well as in terms of induction of NK activity. In
agreement with the hypothesis of a decreased direct response to I1-2 in MS
patients is a recent report of Merrill et al., 1984, who showed a reduced
proliferative response to I1-2 in PBL of MS patients. At least three ex-
planations, not mutually exclusive, can be given for the diminished res-
ponsiveness to I1-2. First, the number of actually responding cells to
I1-2 can be lower. There seems to be, however, no difference in the per-
centage of Il-2 receptor bearing cells among PBL of MS patients compared
to controls (Merrill et al., 1984). Nearly all functional human NK cells
are 1gG Fc receptor positive (Santoli et al., 1978) and part of the NK

+
precursor cells sensitive for I1-2 are FcR (Braakman et al., manuscript

in preparation). Literature data on the percentage FcR+ cells in MS pa-
tients are inconclusive. We did not observe a significantly lower number
of FCR+ cells in peripheral blood of MS patients (data not shown). Never-
theless, the endogenous and the I1-2 augmented NK activity is lower in MS
patients as a group. A second possibility is that in MS patients certain
inhibitory factors such as prostaglandin E (PGE) are produced in higher
quantities both in vivo and in vitro and/or NK cells and T cells from MS
patients could be more sensitive to the effects of PGE (Merrill et al.,
1983a,b). Also higher concentrations of immune complexes in serum of MS
patients could interfere with the activation or lytic activity of NK cells
by binding to FcR+ cells. A third possibility to explain the low respon-
siveness of PBL from MS patients to I1-2 with respect to the augmentation
of NK activity is that MS patients have more NK cell specific suppressor
cells, as described by Zoller and Wigzell, 1982, than healthy controls. As
far as we know, no data are available on these suppressor cells in MS
patients.

It was suggested that IFN production by PBL of MS patients is de-
creased. Most data concern the production of IFNa. Neighbour and Bloom,
1979, described lower IFN production in response to measles virus and
Benczur et al., 1980, described lower IFN production in response to poly

IC. Santoli et al., 1981, reported normal IFN production in response to a
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variety of viruses. Preliminary data from the 40 MS patients we studied,
suggest a lower IFNy production in response to exogenous recombinant human
I1-2 (data not shown), which in itself supports the hypothesis that leuco-
cytes from MS patients respond poorly to Il1-2; in other words, the low IFN
production is only a secondary result of low reactivity to I1-2 (Merrill
et al., 1984; this paper).

In conclusion, a primary low response of PBL from MS patients to Il-2
results in low I1-2 augmented NK activity. A similar mechanism could be
the cause of the low endogenous reactivity. The lower I1-2 induced NK ac-
tivity can result from a defect at two different levels, the IFNy depen-
dent and the IFNYy independent induction pathways. These conclusions are
based solely on analysis of a group of patients and controls both of which
show extensive variation between individuals. Whether therefore these con-
clusions still hold for individual MS patients remains to be established.
Currently we are investigating the relative contribution to augmentation
of NK activity of the IFNy dependent and the IFNy independent pathways of
activation in individual patients. It could be that the relative contribu-
tions are distorted in MS patients.

One of the prominent hypotheses on the etiology of MS is a persistent
virus infection. An important role in the in vivo resistance against virus
infections has been contributed to NK cell function (Rager-Zisman and
Bloom, 1980). Therefore, it could be that low NK cel function and dimini-
shed IFN production play a role in the etiology of MS as one of the pre-

disposing factors making an individual susceptible to MS.
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Molecular and Cellular Basis of
Autoimmune Encephalitogenesis

H. WEKERLE

Many distinct lines of evidence suggest that immunopathological mechanisms
are involved in onset und course of multiple sclerosis (MS). As examples, abnormally
distributed immunoglobulins in the cerebrospinal fluid, shifts in T lymphocyte subset
equilibria, and abnormalities in natural killer functions are commonly cited
(McFarlin & McFarland, 1982; Waksman, 1983; Weiner & Hauser, 1982). Perhaps the
most impressing argument in favor of an immunopathogenesis is, however, the
morphological appearance of the MS lesion within the CNS white matter. Focal round
cell infiltrations mainly around postcapillary venules, activation of astrocytes, and
destruction of myelin are the key features. A practically identical lesion pattern is
inducible by immunizing experimental animals with autologous white matter
(Lassmann, 1983). The similarity between the inducible experimental autoimmune
diesease and MS are so far the most compelling evidence for autoimmune mechanisms

in the pathogenesis of MS.

In an attempt to learn more about the structural requirements of CNS
autoimmunity, and, more generally, about the cellular organisation of the
physiological immune responsiveness within the CNS, we made use of a transfer
model of acute rat EAE. In this model, highly defined permanent T lymphocyte lines
specific for circumscript molecular portions of myelin basic proteins are used as
highly pathogenic encephalitogens, and as probes to study the cascade of events

leading to CNS autoimmune disease.

185
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MBP Specific T Lymphocyte Lines

Permanent T lymphocyte lines recognizing MBP or other protein antigens were
first isolated from in vivo primed inbred rats by Ben-Nun et al. (1981). This method
relies on strong positive selection pressures required to single out oligo-and
monoclonal T cell populations from the natural repertoire. A first enrichment of
antigen positive cells is reached by in_vivo priming. In a second step, the primed
lymph nodes are dissociated, and the cells exposed in vitro to the relevant antigen.
Only specific T cells transform to activated blasts, and these can be selected by
density gradient centrifugation. The third selection step makes use of the fact that
activated rat T cells express much higher densities of receptors for interleukin-2 (Il-
2)than inactive T lymphocytes (Osawa & Diamantstein, 1983). Freshly isolated T cells
are incubated in IL-2 containing propagation medium, which leads to continous
proliferation of the activated cells, and an out-dilution of the nonactivated ones.
Stabile, specific T populations are established by repeated cycles of antigen-
dependent restimulation of the T populations interchanging with IL-2 driven

propagation in the absence of antigen or antigen presenter cells.

Genetic Control of Potentially Autoimmune T Lymphocytes within the T Lymphocyte
Repertoire.

It has been known for many years that among all rat strains tested, only very
few are susceptible to induction of EAE by active immunization. It is further known,
that susceptibility and resistance to EAE is genetically controlled and that control is
exerted by genes situated within the Major Histocompatibility Complex (MHC), Ir
genes, as well as genes located in the non-MHC genetic "background". Both types of
genes cooperate to render rats of strain Lewis highly susceptible, and BN rats
resistant to active indcution of EAE (Gasser et al., 1975; Glinther et al., 1978).

Attempts to select MBP-specific, encephalitogenic T cell lines from immunized
BN rats failed in most laboratories (Ben-Nun & Cohen, 1982). The cells selected were
able to recognize certain MBP structures, but were unable to mediate disease. This
apparent absence of encephalitogenic T clones in immunized BN rats could be the
result of active suppression by suppressor T cells during the immune response. More
recent work, focussed on in vitro selection of MBP specific T lines from completely
normal, unprimed BN rat lymph nodes, was, however, equally unable to produce MBP

specific T lines transferring EAE. There is the possibility that the natural T cell
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repertoire of BN rats, in contrast to Lewis rats, has only a very small proportion of
potentially autoaggressive MBP-specific T clones, and that the relative content of
encephalitogenic clones is subject to genetic control (Schlisener & Wekerle,
submitted).

This notion is further supported by the functional properties of T lymphocyte
lines selected from (Lewis x BN)F1 hybrid animals. Fl-derived T lines recognize their
antigen as all other T lymphocyte populations only if presented by presenter cells
sharing at least one set of MHC antigens. Thus, F1 T lines recognizing tuberculin can
be activated by syngeneic F1 presenter cells, but also by both types of parental
presenters. In contrast, MBP-specific F1 T line cells recognize MBP only if presented
by either F1 or by Lewis presenters. MBP on BN presenter cells is not recognized.

When the antigen fine specificity of these clones is tested using defined peptide
fragments of the MBP molecule, it becomes clear that the Fl1 and Lewis T lines
recognizing MBP on Fl or Lewis presenter cells all are specific for the same
molecular epitope, the encephalitogenic peptide for Lewis rats defined by amino acid
positions 68-88. All these T lines are efficient mediators of EAE. The few BN lines
responding to MBP, recognize distinct epitopes on MBP; they all are unable to
transfer EAE.

These results suggest that a) normal immune systems may include substantial
numbers of potentially encephalitogenic cells in the physiological state; b) since a
normal rat does not undergo spontaneous EAE, the potentially autoreactive cells must
be controlled by regulatory mechanisms; c) different individuals may have varying
proportions of potentially autoaggressive T clones in their T repertoire, and this

distribution seems to be regulated by genes of the MHC.

Homing of Autoaggressive T Cells to their Target Organs.

In the T line transfer models of EAE, the pathogenic cells are activated in
vitro, injected intravenously, and cause overt disease usually within 3-4 days. There
must be mechanisms, enabling the circulating T cells to specifically retrieve their
relevant target tissues, since the homing specificity is remarkable. As described,
MBP-specific T lines almost exclusively cause lesions within the CNS, but normally
spare the PNS. In contrast, T lines, which were recently selected for reactivity to the
peripheral nerve myelin protein P2 (Linington et al., 1984; Izumo et al., in press),

exclusively migrate to and destroy peripheral nerves.
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It appears that elements of the blood brain barrier (BBB) are actively involved
in target retrieval by autoaggressive T lymphocytes. The essential role of the BBB
was demonstrated recently, when equal doses of encephalitogenic T line cells were
injected either into the cerebrospinal fluid space, or into the blood circulation.
Surprisingly, only those animals developed EAE, which were injected i.v. The
intrathecally injected animals failed to develop any demonstrable clinical symptoms.
A histological analysis revealed that i. th. injected cells did not directly invade the
brain parenchyme, but rather entered the meningeal blood vessels. Having circulated
through the blood stream, these cells seemed to reenter the CNS via the "front door",
the BBB. Their number or their state of activation may have become insufficient to
éause transfer-EAE, as did the directly i.v. injected cells (Lassmann & Wekerle, in

preparation).

If the BBB is essential for target retrieval of encephalitogenic cells, where is
the signal of specificity localized? The first cellular candidate is the endothelial
surface directly lining the cerebral blood vessels. Indeed, it has been reported that
under certain conditions, endothelial cells can be induced to express Ia determinants
and to immunogenically present antigen to T cells (Hirschberg et al., 1980; Pober et
al.,, 1983). In the normal brain myelin products could be expressed along with Ia
determinants on endothelial cells, and could be thus specifically guide the circulating
cells into the white matter. So far, however, no traces of Ia have been demonstrable
on endothelium either of normal or of EAE rat brains (Wekerle, 1984). Ia
determinants, where, however, densely expressed on pericytic elements of EAE
lesions (Vass et al., submitted). Second, only activated, but not resting T line cells are
able to penetrate the BBB and to retrieve the white matter (Naparstek et al., 1983).
If MBP/Ia recognition were the signal of entry, resting cells should recognize the

antigen complex as well as activated blasts.

Recent work has, however, established that activated T blasts have unusual
enzymatic activities, which enable them to cross endothelial layers with high
efficiency. When cultured with xenogeneic endothelial monolayers, rat and mouse
activated T lymphocytes have the tendency to attach to the endothelial surfaces, and
to cross the monolayers (Savion et al., 1984; Naparstek et al., 1984). It is possible
that proteolytic enzymes are involved in temporarily opening intercellular tight
junctions, which are of particular importance in the BBB. In addition activated T
blasts produce glycosidases which can locally digest basal laminas. It is possible that
activated T blasts behave in a similar manner in the CNS as well, and that their

passage through the endothelial part of the BBB is nonspecific.
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The Pivotal Role of the Astrocyte in T Cell Homing and Symptom Generation.

A possible clue for the localization of the tissue specific signal comes from
studies from our laboratory, where pure monolayer cultures of Lewis rat astrocytes
were tested for their capacity to present antigen to syngeneic T line cells. These
studies were based on preceding observations by Fontana, that T cells and astrocytes
can interact in a bidirectional way. Astrocytes on the one hand can secrete
interleukin-1 which is a mediator participating in T cell activation (Fontana et al.,
1981), and conversely, activated T cells release mediators activating astrocytes
(Fontana et al., 1982). For example, T cell-derived interferon-y induces Ia antigens on
astrocytes, which normally are negative (Hirsch et al., 1983; Wong et al., 1984).

T line cells which are incubated on syngeneic astrocytes in the absence of
specific antigen, loosely attach to the astrocyte surfaces and seem to migrate on top
of the monolayers. After addition of antigen, the T cells become immediately firmly
attached, and within 24 hrs., they are fully activated to morphological transformation
and proliferation. Antigen presentation obeys all rules of T cell recognition: it is
antigen dose dependent and MHC-restricted, and contact dependent. It was found
that during antigen presentation, Ia antigens were induced on the membranes of
astrocytes. It is at present not yet clear, whether resting astrocytes have low doses
of membrane Ia undetectable by conventional immunocytochemical techniques, or

whether they are completely negative (Fierz et al., in press).

Fig. 1

Lysis of MBP-presenting astrocytes by syngeneic encephalitogenic T line cells in vitro.
Brain-derived astrocytes from newborn Lewis rats were induced to express Ia by
immune interferon containing medium were cultured with syngeneic MBP-specific,

encephalitogenic T line cells in absence (left) and presence of soluble MBP (5pug/ml;
right).
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A more profound role of antigen presenting astrocytes in the generation the
EAE symptoms was revealed by very recent experiments by D. Sun, which were based
on the morphological observation that during antigen recognition, astrocytes are
radically lysed by the recognizing MBP-specific, encephalitogenic T line cells (Fig. 1).
Applying a conventional isotope release test , it was found that astrocyte lysis was
exquisitely antigen-dependent, and Ia-restricted. The most surprising finding was,
however, that only encephalitogenic T line cells lyse the antigen presenting
astrocytes. T line cells recognizing other proteins, such as ovalbumin or tuberculin,
fully activated by the antigen presenting astrocytes, but fail completely to lyse the

presenter cells (Sun & Wekerle, submitted).

It is tempting to speculate about the possibly dual role of the astrocytes in the
pathogenesis of CNS autoimmune disease. On the one hand, as in vitro, astrocytes
could be the antigen presenting cells in the CNS as well. This is especially probable,
as they can be expected to express on their surface metabolic products of myelin turn
over, including MBP. An activated MBP-specific T cell having passed the endothelial
part of the BBB could therefore be confronted with its specific antigen, MBP,
expressed in a potentially immunogenic fashion on an astrocyte process, which is
known to form the third layer of the BBB cycle leading to local accumulating of

proliferating and recruited lymphoid and mononuclear cells.

As the in vitro interaction with MBP-specific T cells with antigen presenting
astrocytes in vitro leads to astrocyte death, similar, though possibly milder, astrocyte
damage could occur in situ as well. Even, if sublethal, interactions with I cells could
paralyse the function of astrocytes, and, considering the central role of astroglia in
the CNS tissues, functional deterioration of local brain function would be the result.
It should be noted that astrocytes are thought to warrant correct neuronal function
by creating subtle microenvironmental compartments, and by establishing stable
electrolyte and mediator equilibria (Kimelberg, 1983). Both functions could be
impaired after T cell action, and the resulting defects of neuronal function could be

at least one factor contributing to the acute early symptoms of EAE.

Conclusion

We have outlined experimental data which have been recently obtained in a
transfer model of T line mediated EAE, and which have lead to some new insights

into the pathogenesis of CNS autoaggression. In particular, they seem to be helpful in
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TABLE I: Critical Requirements for a Protein Antigen to Act as an Encephalitogen

1. Sufficient representation of complementary T lymphocyte clones within the
normal immune repertoire; (genetic control by MHC)

2. activation on complementary T clone cells outside of the nervous system; (by the
antigen itsef or a cross-reacting molecule)

3. immunogenic expression of the determinant within the CNS; (preferentially on
astrocyte membranes)

4. induction of presenter cell lysis during intra-CNS recognition of the antigen;

(leads to astrocyte defects)

defining the structural requirements for a protein structure to become an
encephalitogen. It appears that the first prerequisite is a sufficient number of
complementary T lymphocyte clones within the natural repertoire of the immune
system. This is genetically controlled, most probably including MHC-linked Ir genes.
HLA DR-linkage of human disease might act on this level. The second requirement
would be activation of the potentially encephalitogenic T clones outside the CNS,
perhaps by crossreacting determinants. Virus antigens crossreacting with myelin
components were discussed as precedent of molelular mimicry. The third requirement
is the expression of the critical determinant on the CNS astrocytes. Finally, only such
a determinant leading to astrocyte lysis after recognition by specific activated T

cells could lead to damage within the white matter, and thus to clinical EAE.
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Cytotoxic Antibodies in Multiple Sclerosis

L. RUMBACH, ]. M. WARTER, M. M. TONGIO, C. MARESCAUX,
S. MAYER and M. COLLARD

INTRODUCTION

Terasaki et al., (1970) demonstrated lymphocytotoxic antibodies (LCA)
or lymphocytotoxins detectable at 15°C in the serum of systemic lupus ery-
thematosus (SLE). Since then, cold LCA have been reported in many diseases
including rheumatoid arthritis, various neurological diseases including
Guillain-Barre syndrome, myasthenia gravis (Lisak et al., 1979) and multi-
ple sclerosis (MS) (Kuwert and Bertrams, 1972). The present study was
undertaken to further define the cold and warm LCA as well as the cold
and warm monocytotoxic antibodies in MS sera and cerebrospinal fluid (CSF),
and to investigate possible correlations between these cytotoxic activi-
ties and various clinical and biological parameters (Rumbach et al., 1982).

MATERIALS AND METHODS

Twenty-one patients were studied, 17 women and 4 men, average age

" form of MS (criteria of Mac

28 years. All had the "clinically definite
Alpine). For controls, the serum of 32 healthy blood donors and the

serum and CSF of 6 patients with diseases other than MS were studied

under the same conditions. The serum and CSF of each patient were tested
at 15°C and 37°C with the autocells : total lymphocytes (TL), B lympho-
cytes (BL) and monocytes (M), and then with fresh allocells (TL, BL, M)

of the same eight healthy blood donors. Tests were performed before and
after absorption on platelets. Antibodies in the serum and CSF were detec—

ted by the microlymphocytotoxic technique of Terasaki and Mc Clelland
(1964) as modified by Rumbach et al., (1982).
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RESULTS
Serum of MS patients (Table 1)

In 9 patients all tests were negative at 15°C and 37°C. The sera of
the other 12 MS reacted positively at 15°C, but there were differences at
37°C. Four of the 12 reacted negatively with TL, BL and M, 3 reacted nega-
tively with TL and BL but positively with M, 4 reacted negatively with TL
but positively with BL and M, and one reacted positively with TL, BL and
M. After platelet absorption, the number of positive reactions was re-
duced. Autocellular cytotoxic activity tests showed that only 6 of the

21 MS sera reacted positively.

Table 1

Cytotoxic activity in sera of MS patients

+ = positive ; - = negative reactions

Tested in the presence of allocells

15°C 37°C
TL BL M TL BL M
n=29 - - - - - -
4 + + + - - -
3 + + + - - +
4 + + + - + +
1 + + + + + +

CSF of MS patients

Results differed from the previous ones. Reactions were positive
against autocells and allocells in all the samples tested, before platelet
absorption, at 15°C and 37°C. After platelet absorption, the number of
positive reactions was reduced when allocells were tested, and mostly
disappeared when autocells were tested.

Healthy controls

Only 5 of the 32 sera tested were positive with allocells.
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Non-MS patients

No cytotoxic activity was detected in 5 of the 6 sera. However, the
CSF cytotoxic activity before platelet absorption was strongly positive
with allo- and autocells in all 6 patients.

No relation was found between cytotoxic activity and various clinical
and biological parameters : age at onset of MS ; duration of disease
development ; the patient's condition, remission or relapse ; or CSF

albumin and immunoglobulin levels.

DISCUSSION

Cold LCA have been detected in the serum of 30 to 67 % of MS patients
(Schocket et al., 1977), a finding we confirm. In our study, the cytotoxic
activity was directed not only against TL and BL but also, and predomi-
nantly, against monocytes. Some of those antibodies were detected not
only at 15°C but also at 37°C. All CSF reactions were strongly positive
in MS and non-MS patients. The lysis of monocytes in absence of complement
suggests that M lysis with CSF may not necessarily be linked to a classi-
cal immunological mechanism. The fewer positive reactions after absorption
on platelets argues in favor that this phenomenon is perhaps not attribua-
ble to an aspecific cytotoxic activity. Tests with autocells were positive
in certain MS patients. The antibodies seem to 'recognize' an antigenic
determinant common to auto- and allocells. No correlation was found
between cytotoxic activity and disease activity.

The role and significance of cytotoxic antibodies are unknown (Mayer
and Tongio, 1984). They exist in some normal subjects without, apparently,
any pathogenic effects. They could possibly have a beneficial effect on
transplant survival. Cytotoxic antibodies are, however, more often found
in various pathological conditions. In certain diseases, such as lupus,
their pathogenic effect could be through action on certain lymphocyte
populatiors or subsets, mainly during the active disease phase. This
pattern of action has not yet been demonstrated for MS, partly due to
the paucity of investigations and to the contradictory results on cellular

populations reported (Scott and Spitler, 1983).

ACKNOWLEDGMENT

Text translated from the French by Sarah Dejours.



198 MULTIPLE SCLEROSIS RESEARCH IN EUROPE

REFERENCES

Kuwert, E. and Bertrams, J., 1972. Leukocyte iso- and auto-antibodies in
multiple sclerosis (MS) with special regard to complement-dependent
cold-reacting autolymphocytotoxins (CoCoCy). Europ. Neurol.,7
65-73.

Lisak, R.P., Mercado, F. and Zweiman, B., 1979. Cold reactive antilympho-
cyte antibodies in neurologic diseases. J. Neurol. Neurosurg. Psy-
chiatry, 42 : 1054-1057.

Mayer, S. and Tongio, M.M., 1984. Autoimmunity against lymphocytes. In :
C.P. Engelfriet, J.J. van Loghem and A.E.G.K. von dem Borne (Editors),
Immunohematology. Elsevier, Amsterdam, pp. 275-283.

Rumbach, L., Tongio, M.M., Warter, J.M., Marescaux, C., lMayer, S. and
Rohmer, F.,1982. Lymphocytotoxic and monocytotoxic antibodies in the
serum and cerebrospinal fluid of multiple sclerosis patients. J.
Neuroimmunol., 3 : 263-273.

Schocket, A.L., Weiner, H.L., Walker, J., Mc Intosh, K. and Kohler, P.,
1977. Lymphocytotoxic antibodies in multiple sclerosis. Clin. Immunol
Immunopathol., 7 : 15-23.

Terasaki, P.I. and Mc Clelland, J.D., 1964. Microdroplet assay of human
serum cytotoxins. Nature (Lond.), 204 : 998-1000.

Terasaki, P.L., Mottironi, V.D. and Barnett, E.V., 1970. Autocytotoxins in

lupus. N. Engl. J. Med., 283 : 724-728.



28

An Immunological Function for Astrocytes

W. FIERZ and A. FONTANA

The induction of a successfull immune reaction within the CNS is dependent
on several prerequsites: After initial contact with endothelial cells, T-
cells must penetrate the blood-brain-barrier (BBB), they must find their
antigen together with the Ia-antigens of the major histocompatibility com-
plex (MHC) on the surface of antigen-presenting cells (APC) within the CNS-
tissue and they must be costimulated by Il1-1. As astrocytes are spreading
their processes on the CNS-surface of the basal membrane of the BBB, they
are the first cells to be encountered by intruding T-cells. Therefore, a
physical contact between astrocytes and T-cells seems inevitable and could
be a major step in the activation of T-cells in the CNS. First functional
clues came from experiments by Fontana et al. (1982) which demonstrated
the production of an I1-1 like factor by astrocytes in vitro. Such experi-
ments became possible because of the relative ease to grow pure astrocytic
monolayers from neonatal brain cells and because of the possibility to
identify astrocytes with antibodies against the glial fibrillary acidic
protein (GFAP) of the astrocytic intermediate filaments. Thus Il-1 was
produced in such mouse astrocyte cultures after stimulation with lipopoly-
saccharide (LPS) or spontaneously by rat astrocytes and by rat and human
glioblastoma cells. The glioblastoma cell derived Il-1 like factor has
been shown to be neutralized by an antiserum against human endogenous py-
rogen (EP) and to bind to anti-EP immunoadsorbent columns. Apart from
I1-1, astrocytes also produced an I1-3 like factor which induced prolife-
ration of I1-3 dependent cell lines and enhanced the expression of 204

hydroxysteroid dehydrogenase on spleen cells of nude mice. (Frei et al.
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1984). In view of recent findings of I1-3 induced growth of macrophages
and haematopoietic stem cells, the production of I1-3 by astrocytes may
be important for the survival and expansion of inflammatory blood cells
invading the CNS.

To test whether, furthermore, astrocytes could function as antigen-
presenting cells (APC) we analyzed their interaction with T-cells which
were grown as myelin-basic-protein (MBP) - specific T-cell lines (Ben-Nun
et al. 1981). These pure T-cell lines must be regularly restimulated with
MBP on APC in the context of Ia-antigens of the MHC. In these experiments
we found that the normally used APC, like macrophages, could be replaced
by astrocytes (Fontana et al., 1984a). In cocultures of the T-cell lines
with astrocytes we observed 12 hours after addition of the antigen MBP,
an aggregation of the T-cells around astrocytes (Fig.l) and subsequently

the T-cells transformed into big blast-cells and started to proliferate

Figure 1

Antigen-presentation by astrocytes. Protoplasmic astrocytes interact
immuno-specifically with MBP-specific T-line cells in the presence of
MBP. Astrocytes are identified by immuno-cytochemical staining of the
GFAP-containingintermediate filaments. Cell nuclei are stained with

propidium iodide.

vigorously. This astrocyte mediated T-cell activation is antigen-specific

and MHC-restricted. i.e. MBP 1s presented by the astrocytes to the T-cells
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in the context of Ia-antigens of the MHC. This reflects the rules of anti-
gen-presentation but 1s somewhat surprising as astrocytes are Ia-negative
in vivo and 1in normal in vitro cultures. We found, however, that after the
interaction with the T-cells the astrocytes became Ia-positive. Indepen-
dently, it was published by Hirsch et al. (1983) that Ia-antigens could be
induced on astrocytes in vitro by incubation with supernatants of stimula-
ted spleen cells which contained immune-interferon (IFN-y), a product of
activated T-cells. In a subsequent series of experiments we have demon-
strated that also pure recombinant IFN-y is able to induce Ia-antigens on

astrocytes (Fig.2). These la-antigens were functionally active: IFN-y

Figure 2

Astrocytes incubated with recombinant IFN-y show membrane immunofluo-
resent staining for Ia (A) and are identified as astrocytes with staining
for intracellular GFAP (B).
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treated astrocytes were aggregating with T-cells already 2 hours after
addition of the antigen MBP and stimulated the T-cells to a much higher
degree than untreated, initially Ia-negative astrocytes (Fierz et al.,
subm. ). Blocking studies with anti-Ia monoclonal antibodies showed that
initially Ia-negative astrocytes are only recognized by the T-cells
after about 12 hours, 1.e. after Ia-expression has been induced on

the astroeytes by an activating signal (probably IFN-y) from the
T-cells. In conclusion, the immunospecific interaction of astrocytes and
T-cells is a mutually activating process.

Recent experiments have shown that activated T-cells are able to pene-
trate basal membranes (Naparstek et al. 1984). Such active T-cells would
then be able to induce Ia-antigens on astrocytes and, therefore, fulfill
the prerequisite for their own reactivation with CNS-antigens like MBP.
This suggested sequence of events is well supported in the EAE by the fact
that the MBP-specific T-line cells used in our experiments are encephali-
togenic, after being transferred into naive recipients, but only when the
T-cells have been freshly activated before the transfer and have not been
irradiated. Such a pathogenetical model, however, implies primary acti-
vation of the T-cells outside the CNS. On the other hand, it is also con-
ceivable that some abnormal stimulus, like e.g. virus infection, could in-
duce Ia-antigens on astrocytes and, consequently, an interaction with
resting T-cells could take place. Such an abnormal induction of Ia-anti-
gens by some stimulus could enable the astrocytes to present antigens
which are normally not immunogenic and this could be the basis for the
development of autoimmune disease in the CNS. However, also negative re-
gulatory mechanisms have to be considered. It is known e.g. that prosta-
glandin E has an inhibitory effect on the expression of Ia-antigens by
macrophages (Snyder et al. 1982) and it could well be that such an inhi-
bition of Ia-expression 1s also operating in the CNS leading to the ob-
served lack of Ia-antigens on astrocytes in the normal CNS. In this con-
text it is important to know that astrocytes themselves are able to pro-
duce prostaglandin E (Fontana et al. 1982) and that prostaglandin precur-
sors have a marked suppressive effect on the development of EAE (Mertin
et al. 1978). Furthermore, a factor which suppresses the I1-2 induced T-
cell proliferation has been described to be produced by glioblastoma cells
(Fontana et al. 1984b). The partially purified factor (G-TsF) has a mole-

cular weight of around 95.000 and an 1soelectric point of 4.6(Schwyzer et
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al., in press). Whether such a factor plays also a role in the normal CNS
for the negative regulation of astrocyte-T-cell interaction remains to be
seen.

The initially mentioned Il-1 production by astrocytes is not only im-
portant for the activation of T-cells but might have more general effects
on the development of inflammatory processes in the CNS. It is known, that
I1-1 is 1dentical with the endogenous pyrogen, has chemotactic activity,
induces acute phase reactants and stimulates muscle protein degradation
(for review see Dinarello 1984). It was, therefore, very interesting to
find that astrocytes produce Il-1 not only in vitro but also possibly in
vivo, as Il-1 could be measured in intracellular brain extracts of LPS-
treated mice. (Fontana et al., 1984c). In further experiments we studied
the 1n vivo production and effects of I1-1 in animals with EAE induced
by adoptive transfer of MBP-specific T-cell lines. Il-1 was found in brain
extracts of rats already at the time of the very first paralytical symptoms

on day 3 to 4 after T-cell transfer (Fig 3). In contrast, no Il-1 activity

Figure 3

I1-1 activity 1in brain of rats after adoptive transfer of encephalito-
genic T-cells. Il-1 1s measured as the proliferative response of PHA-
stimulated thymocytes after addition of intracellular brain extracts
from rats which were injected intravenously with MBP-specific, activated
T-line cells. (L-BP). Control extracts were from normal rats ( - ) or
rats i1njected with irradiated cells (L—BP?) or ovalbumin-specific T-
line cells (L-0VA).
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could be measured 1n extracts of spleen, lung, liver and lymphnodes of such
animals. Parallel to the onset of I1-1 production in the CNS, a fever re-
action was observed with a peak on day 4 which was followed by a hypothermia
24 hours later, when the animals had developed severe EAE (table 1). Fur-

thermore, a rapid loss of about 10% of the body weight was observed at the

Table 1
Loss of body weight and fever reaction in rats after intravenous injection

of encephalitogenic T-line cells.

Rat  T-cells Weight (g) Temperature °c) Clinic
day 1 day 5 /\5-1 day 1 day 4 day 5 La-1

1 L-BP 323 288 =35 37.2  37.6 26.4 +0.4 EAE
2 L-BP 324 284 -40 37.3  38.2 27.4 +0.9 EAE
3 L-BP 346 304 -42 37,2 38.3  30.5 «+l.1 EAE
4 L-BP ? 320 328 + 8 37.4  37.5 37.2 +0.1 normal
5 L-BP 356 317 -39 37.1  38.2  36.8 «+1.1 EAE
6 L«-BPy 349 346 -3 37.1  37.3 37.3 +0.2  normal

L-BP MBP-specific encephalitogenic T-line cells, freshly activated,
5x106 per animal

V4 irradiated with 3000 rad

/\ difference between indicated days

same time. The mechanisms underlying the fever reaction are not clear so
far. One could speculate that Il1-1 1s produced locally in the CNS, possibly
by astrocytes, and reacts directly with the thermoregulatory centres in
the hypothalamus. Apart from its effect on body temperature, I11-1 may also
change other brain functions such as sleep. There is evidence that macro-
phage derived I1-1 has the capacity to increase slow-wave sleep (SWS) in
rabbits (Krueger et al.). In recent studies in rats, I1-1 like factors
prepared from supernatants of cultured astrocytes had also somnogenic ef-
fects (Tobler et al. 1984). However, despite of intracerebral I1-1 produc-
tion in rats with EAE, we could not find an increase in SWS activity. In
fact the opposite became true, a marked decrease of SWS was observed which

developed before visible signs of EAE.
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It is well known from morphological experience that astrocytes some-
how take part in the pathological process 1inside the CNS-lesions of MS-
patients. Usually they are described 1n active plagues as "reactive' astro-
cytes and in old plaques as '"scarring tissue'". The new immune-functional
data on astrocytes may put them well into the centre of the pathological
events in the MS-lesion. It remains, however, to be seen whether the 1in
vitro observed immunological functions of astrocytes like antigen-presen-
tation, Ia-expression an Il-1 production can also be identified in the in

vivo situation of the MS-plaque.
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The Biochemistry of Myelin

J. M. MATTHIEU

Introduction

During the last twenty years our knowledge about myelin has improved
tremendously. Myelin has been purified, its chemical composition determined
and the metabolism of specific myelin constituents studied. By the use of
physicochemical, immunocytochemical and subfractionation technigues, our
understanding of myelin organization and assembly is progressing. Cell cul-
tures provide a useful tool to study the differentiation of oligodendro-
glia, axon-glia interactions and the influence of growth factors on myelin-
ation. Some of the mechanisms involved in immune-mediated demyelination
have been investigated. Nevertheless, in spite of all the efforts and pro-
gress recently made, we are still ignorant of how an oligodendrocyte can
recognize the many axons it will myelinate, how the membrane wraps around
the axon and what changes cause layer upon layer of membrane to compact to-
gether to produce the mature myelin sheath. Similarly, the cause and patho-
genesis of one of the more common diseases of the central nervous system
(CNS), multiple sclerosis (MS), remains unknown. In this brief review, I
would like to present some of the biochemical facts which could be relevant
for future research on MS.

Myelin lipids in the CNS

By dry weight analysis, the lipids represent 70% of the myelin sheath.
Phospholipids are predominant in myelin, but, in contrast to other plasma
membranes, it contains also high levels of cerebrosides (Table 1). Lipids
in myelin, as in other membranes, are distributed asymmetrically across the
bilayer (for a review, see Braun, 1984). Cholesterol is concentrated in the
inner leaflet of the bilayer. On the other hand, cerebrosides are predom-
inantly localized toward the intraperiod line. Most phospholipids and par-
ticularly phosphatidylethanolamine are located in the inner half of the my-
elin bilayer. The carbohydrate portion of glycolipids in myelin (cerebro-
sides, sulfatides, gangliosides) can play an important role in antigen-
antibody reactions. For instance, cerebroside is probably the antigen rec-
ognized by some experimental allergic encephalomyelitis (EAE) antisera and
is that with which they react to cause demyelination.
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TaBLE 1. LIPID COMPOSITION OF ADULT HUMAN MYELIN

CNS PNS

(IN % OF DRY WEIGHT)

PROTEIN 30 29
LIPID 70 71
(IN % OF LIPID WEIGHT)
CHOLESTEROL 27.7 23,0
TOTAL GALACTOLIPID 27.5 22,1
TOTAL PHOSPHOLIPID 43,1 54,9
GANGLI0SIDE (GMI...) 0.2
GALACTOLIPIDS - CEREBROSIDES 22.7
- SULFATIDES 3.8
PHOSPHOLIPIDS - P-ETHANOLAMINE 15.6 19.2
P-CHOL INE 1.2 7.8
SPHINGOMYELIN 7.9 18.6
P-SERINE 4,8 9.3
P-1NOSITOL 0.6

P-, PHOSPHATIDYL. A DATA FROM W.T. NorTON. 1981. B DATA FROM SPRITZ ET AL., 1973.

Myelin proteins in the CNS

Proteolipid protein (PLP) is an integral myelin protein of 25 kilo-
daltons (Kd) molecular weight (Mp) (Table 2, Fig. 1) present only in CNS
myelin where it accounts for 20% of the protein content. It is synthesized
on membrane-bound ribosomes and processed through the Golgi apparatus. PLP
contains 276 residues; half the amino acids are nonpolar and a sharp seg-

TABLE 2. MAJOR PROTEINS OF HUMAN MYELIN

CNS PNS Mgt
MAG + + 100- 110 Kp B
WOLFGRAM + 07 46, 48 Kp
Po 0 +t 30 Kp
PLP + 0 25 Kp
I or DM-20 + 0 20 Kp
MBP (P)) ++ + 18 Kp
P, 0 ++ 12 Kp

A APPARENT MOLECULAR WEIGHTS ARE EXPRESSED IN KILODALTONS

THE RELATIVE CONCENTRATIONS OF MYELIN IN A GIVEN SYSTEM ARE
INDICATED BY PLUS(ES) SIGNS.
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regation exists between hydrophobic and hydrophilic domains of the mole-
cule. Three moles fatty acids/mole protein are covalently bound. A confor-
mation model suggests that the molecule spans the bilayer and interacts at
the external face with the adjacent bilayer to bring together apposed la-
mellar membranes (Laursen et al., 1983). In this location PLP could play an
important role in stabilizing the molecular structure of myelin. Further-
more, the segments of the molecule exposed at the external face of the mem-
brane could be involved in pathological processes as receptors or antigenic
sites. The intermediate protein or DM-20 shows immunological cross-reactiv-
ity with PLP. It is not clear if the difference between both polypeptides
is due to internal sequence deletions, charge heterogeneity, posttransla-
tional modifications etc. (Lees and Brostoff, 1984).

Figure 1. Human myelin proteins separated by electrophoresis. First lane of
CNS and PNS: Fast Green stained gel. All others: immunoblot analysis using
specific antisera. From left to right, CNS: PLP, MBP; PNS: Pg, Py, Po.

0, origin. W, Wolfgram protein or CNP. I, intermediate or DM-20 protein.

D, degradation product.

Myelin basic protein (MBP) is an extrinsic protein synthesized on free
ribosomes. A mRNA fraction seems to be located in the paranodal tongue pro-
cesses and could be responsible for a peripheral synthesis of MBP. MBP con-
sists of a family of polypeptides with different molecular weights but shar-
ing for the major part of their molecules identical amino acid sequences.
The major MBP component in man is 170 amino acids long and has a molecular
weight of approximately 18 Kd. It contains a high percentage of basic res-
idues. MBP is methylated and phosphorylated. MBP has been extensively stud-
ied in relation to MS since the discovery that it could elicit EAE, which
is so far the best experimental model for MS studies. Nevertheless, other
myelin constituents (.g. cerebrosides) seem to play a role in certain forms
of EAE. MBP is localized on the cytoplasmic surfaces of the myelin bilayers
where it is involved in the formation of the major dense line and stabi-
lizes the multilayered structure (fora review see Matthieu and Omlin, 1984)
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Myelin associated glycoprotein (MAG) is a gquantitatively minor compo-
nent of isolated myelin of about 110 Kd (Fig. 2). It contains 30% carbo-
hydrates and a relatively high content of nonpolar amino acids. Immunocyto-
chemical studies indicate that MAG is restricted to myelin forming oligo-
dendrocytes in the CNS, and particularly enriched in the periaxonal regions.
In this location it is believed to play an important role in axon-glial in-
teractions and in maintaining the periaxonal space of myelinated axons
(Quarles, 1885). Glycoproteins are known to be cell surface antigens and
receptors for some viruses. Therefore, MAG could be involved in autoimmune
or viral aspects of MS and other demyelinating diseases (Quarles, 1985). In
MS plaques, the decrease in MAG immunostaining is one of the earliest bio-
chemical events (Itoyama et al., 1880). This is probably not specific to MS
and was observed in demyelination following wallerian degeneration (Reigner
et al., 1981). The carbohydrate portion of glycoproteins can play an impor-
tant role in antigen-antibody reactions by masking certain polypeptide
sites and, at the same time, directing the immune response, acting as im-
mune decoys (Alexander and Elder, 1884). An interesting observation has
shown that a carbohydrate determinant in human MAG and other PNS myelin
glycoproteins can be recognized by human paraproteins associated with neuro-
pathy and HNK-1, a monoclonal antibody used to identify human lymphocytes
with natural killer and suppressor functions (for a review, see Quarles,
1985). This carbohydrate epitope present on lymphocytes and myelin could be
of significance with regard to autoimmune demyelinating diseases. Murray
and Steck (1884) hypothesized that the presence of this epitope outside of
the nervous system could be involved in the initial sensitization to this
antigen.

Figure 2. Immunoblot analysis of MAG in CNS myelin (C) and PNS myelin (P).
MAG in human CNS has an apparent molecular weight approximately 10 Kd
larger than in the PNS.

Myelin enzymes

Approximately 20 enzymes have been found in myelin indicating that
transport, synthesis and degradation take place in myelin. Among these en-
zymes, only two are specific to myelin: 2',3'-cyclic-nucleotide-3' -phospho-
hydrolase (CNP) and cholesterol ester hydrolase. The physiological function
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of CNP is still unknown and that of cholesterol ester hydrolase is not clear
since cholesterol esters are normally absent from the brain. CNP is closely
associated with oligodendroglial plasma membranes and paranodal tongue pro-
cesses.

Comparison between CNS and PNS myelin

Since the PNS is spared in MS, the comparison of CNS myelin with PNS
myelin could lead to some novel ideas, especially when we argue that the
similarities between the two myelins should tell us something about the
fundamental processes of myelin formation, whereas the differences should
reflect special susceptibilities and requirements of the two systems. Mor-
phologically, both myelins are grossly similar in their fundamental fea-
tures and they appear to perform the same function. Important differences
in the protein composition (Table 2) should be emphasized more so than dif-
ferences in the 1lipid. PNS myelin lacks PLP and has instead a high concen-
tration of Pg, a glycoprotein (Fig. 1) which spans the membrane and extends
into the aqueous space on either side. MBP appears to be less abundant in
PNS than in CNS myelin and studies in mutant mice indicate that MBP is not
important for maintaining compact PNS myelin. MBP, called Pj in the PNS, is
not encephalitogenic when PNS myelin is used as antigenic material. There-
fore, this suggests that the organization and function of MBP differs in
PNS and CNS myelin (for a review, see Brostoff, 1984).

Myelin assembly

It can be assumed that myelin is synthesized, as reported for other
membranes, through precursor vesicles, directly transported to and fused
into plasma membranes. Since the composition of myelin differs somewhat from
that of oligodendroglial plasma membrane, it can be postulated that myelin
assembly is a process more complicated than the mere fusion of membrane
precursor vesicles with the growing oligodendroglial plasma membrane (Morell
and Toews, 1984). Myelin assembly and maintenance must result from a sequen-
tial process in which the interaction between the axon, the oligodendrocyte,
the astrocyte and the environment modulates the expression of a basic ge-
netic program. In humans, several genes are essential for normal myelin for-
mation. Therefore, current research on demyelinating diseases addresses mo-
lecular genetics in order to understand how myelin formation and mainte-
nance are regulated.

Demyelination

The distal portion of a sectioned nerve degenerates (wallerian degen-
eration) and myelin is degraded. In the PNS, myelin is degraded quickly and
as a unit. In contrast, in the CNS, demyelination is a slow and sequential
process (Table 3). In MS, the mechanisms leading to myelin breakdown differ
greatly from wallerian degeneration but the same chemical changes can be ob-
served. The enzymes involved in myelin degradation are usually produced by
glia, macrophages or infiltrating immune cells. However, proteolytic en-
zymes are also present in myelin. They could b= involved in demyelinating
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TABLE 3. DEMYELINATTON FOLLOWING WALLERIAN DEGENERATION

SEQUENCE OF EVEWTS

. MAG CONTENT DECREASES Ai DAY 2.

. CHOLESTEROL ESTERS ARE DETECTABLE AT DAY 8.

. EXTRA-MYELINIC CNP DECREASES AFTER DAY 6.

. MBP 1S DEGRADED AFTER DAY 32.

. THE YIELD OF MYELIN DECREASES SIGNIFICANTLY ONLY
AFTER DAY 90.

(S = VA I S R

REF. REIGNER ET AL.. I98I.

diseases. The activity of a neutral protease found in myelin, which degrades
MBP and cleaves MAG is greater in MS myelin than in that from normal brains
(Sato et al., 1982). As a consequence of myelin breakdown, intact or degrad-
ed myelin constituents can be recovered in the cerebrospinal fluid (CSF) of
patients with demyelinating disorders (e.g. CNP and MBP).
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The Cerebrospinal Fluid Immunoglobulins in
Multiple Sclerosis

P. DELMOTTE

Early in the history of Multiple Sclerosis (MS) research, simple floc-
culation tests have drawn attention to some protein fractions imbalance in
the cerebrospinal fluid (CSF) of MS patients (Bauer, 1961). However, it was
the application of the successive electrophoretic techniques to the pro-
teins of the CSF that played the major role in the evolution of what, until
now, approaches the nearest a laboratory test for MS. In the late fourties,
the crude techique of paper electrophoresis not only permitted to observe a
sporadious elevation of the gamma globulins in the CSF, but also an occa-
sional hint of an abnormal distribution of the proteins in that region.
Since then, electrophoretic techniques have ondergone a tremendous evolu-
tion (Lowenthal, 1964; Delmotte, 1977; Delmotte, 1979). Now, 40 years la-
ter, using isoelectric focusing in thin layers of polyacrylamide gels, we
can put into evidence up to 30 or more sharply delineated oligoclonal frac-
tions in the gamma globulin region of most of the CSF samples from MS pa-
tients.

Parallel with the study of the CSF proteins by electrophoretic tech-
niques, a lot of research has been done on the quantitation of well defined
protein entities by chemical and immunochemical techniques. Refinements in
these methods, especially in the field of immunochemistry, has lead to easy,
specific and accurate methods for measuring proteins in biological fluids
(Mancini et al, 1965; Laurell, 1965; Schliep et al, 1978; Masson et al,
1981).

The influx of large numbers of data obtained with these methods stimu-

lated several authors to evaluate the relationship of the most important
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protein fractions, first among themselves in the CSF and later with respect
to the corresponding fractions in the blood plasma. As it became evident
that in some neurological diseases, especially MS, those more or less pre-
dictable values could be disturbed, even without alteration of the blood/
brain barrier, several authors elaborated mathematical formulas permitting
the estimation of the abnormal intrathecal synthesis of some protein frac-
tions, especially the immunoglobulin G fraction (Rieder et al, 1980; Link

et al, 1977; Tourtellotte et al, 1980; Reiber, 1979).

Regarding MS, the following conclusions are generally agreed upon:

- in the vast majority of MS patients, the CSF total protein content
and/or the relative and absolute immunoglobulin concentrations are
above normal with, in most cases, a normal blood/brain barrier.

- depending on the electrophoretic technique used, an abnormal oligo-
clonal distribution of the immunoglobulins in the CSF of between 80
and 95 percent of MS patients can be demonstrated.

- in all other neurological diseases together, a more or less identi-
cal observation can be made in between 6 and 8 percent of the cases.

- in contrast to normal individuals and the vast majority of patients
with other neurological diseases, a continuous intrathecal biosyn-
thesis of immunoglobulin G can be demonstrated in the vast majority
of MS patients. Quantitative studies by capillary isotachophoresis
(Delmotte, 1979) have confirmed these results and values up to se-
veral tens of milligrams per day are not uncommon.

- this elaboration of immunoglobulins, once established in a patient,
seems to undergo little change, neither qualitatively nor quantita-

tively.

Parallel to the refinement of detection techniques for the abnormal
distribution of the proteins in the gamma region of MS/CSF specimens, enor-
mous efforts have been spent for the identification of these fractions.
Classical immunoelectrophoresis (Kolar et al, 1980), crossed immunoelectro-
phoresis in combination with zone electrophoresis or isoelectric focusing
(Siden, 1977), two dimensional electrohoresis with pore size gradient in
the second dimension (Moulin et al, 1980), immunofixation, directly or af-
ter blotting (Mehta et al, 1981), radioimmunofixation (Chazot et al, 1980)

and all their variants have been and are still being used for this purpose.
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From these studies the following conclusions can be drawn:

- the abnormal proteins which present themselves as oligoclonal bands
in the CSF of most of the MS patients, are complete immunoglobulins
with heavy chains of the type G.

- concerning the light chain moiety of these immunoglobulins, it is
generally admitted that the kappa/lambda ratio is elevated above
normal, especially when compared to the same ratio in the blood
plasma. Lymphocytes isolated from MS/CSF and from plaque material,
also produce a relatively greater amount of kappa light chains
(Esiri, 1977).

- it was found that in the total of IgG subgroups, the proportion of
the type IgG-1 was significantly higher in an MS group while IgG-2
was lowered with no difference for the groups IgG-3 and IgG-4
(Eickhoff et all, 1979).

- Bollengier et al (1978) not only observed a higher than normal fre-
quency of free light chains in the CSF of MS patients, but also con-
cluded that this occurence somewhat correlated with the severity of

immunological processes going on in the central nervous system.

Correlations between the CSF immunological findings and a battery of
clinical parameters have been sought after for many years. Helas, with not
too much succes. Some authors (Stendhal-Brodin et al, 1980; Moulin et al,
1983) could find evidence suggesting that patients with a low humoral res-
ponse in the CSF tend to present a more benign course of the disease.
Others (Christensen et al, 1978; Verjans et al, 1983) could find only in-
consistant or no correlations between CSF findings and most of the common
clinical parameters. Trojaborg et al (1981) could find no relation between
presumed number of lesions and the rate of intrathecal IgG syntheses.
Jozefczyk et al (1984) conclude that MS patients with HLA-A3 and B7 anti-
gens had a higher than predicted incidence of elevated kappa/lambda ratios,
suggesting an immunogenetic control mechanism influencing the CSF parame-
ters. However, the HLA parameters did not correlate with the clinical data.
It has been reported that for patients suffering from optic neuritis, the
CSF data can give valuable prognostic information about wether or not they
run a high risk of getting MS later in live (Nikoskelainen et al, 1981).
However, normal CSF findings do not rule out the possibility of optic

neuritis progressing to MS.
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Because of the persistent presence in the MS/CSF of large quantities
of immunoglobulins with a peculiar electrophoretic distribution, a real
chase for the corresponding antigen(s) has been going on for years. Due to
certain analogies between subacute sclerosing panencephalitis and MS, meas-
les virus has had for a long time the honour of being the number one sus-
pect for causing MS. With radioimmunoassays it has been possible to show
that, in MS, it is not only measles antibodies that show a slight eleva-
tion, but that the same is true for the antibodies against most of the
common viruses. Therefore, MS must be seen more as a slight but continuous
hyperactivation of the immune system, than as a special reaction against
the presence of antigens from one or more viruses (Vandvik et al, 1976).

In general, a good overall correspondance was usually found in the fluctua-
tions of the different antiviral antibodies synthetized intrathecally.
However, these fluctuations did not correlate with the clinical course of
the disease and it can be concluded that the antiviral antibodies studied
are not relevant to the ethiology of MS.

From studies set up to identify some or all of the oligoclonal IgG
fractions in MS/CSF as antiviral antibodies it can be concluded (Rostrom,
1981) that there is a local antiviral antibody synthesis but also that this
local biosynthesis is heterogeneous. In most cases, one or more of the IgG
bands remained completely unidentified as antiviral immunoglobulin and on
a quantitative basis, only an insignificant amount of the immunoglobulins
could be considered as antiviral antibodies.

Experiments to lay a link between autoantigens (brain specific pro-
teins) and the oligoclonal immunoglobulins have not met with much more suc-
ces. Recent studies by Gorny et al (1983) showed that antibodies against
myelin or against oligodendrocytes can be identified in the CSF from pa-
tients with neurological diseases, but that these antibodies are a common
feature of diseases of the central nervous system in which demyelinisation
is a common component. The antibody-dependent cytotoxicity test against
myelin basic protein must be seen in the same light (Frick et al, 1980).

On the ground of its specificity and high frequency of positive findings,
this test may be of diagnostic significance but it has no validity as a
primary aetiological factor in MS.

In the field of physiology, attempts have been made to implicate the
MS/CSF immunoglobulins directly in some mechanisms like slowing of nerve

impulses (Trojaborg et al, 1981), myelinotoxicity (Stendhal Brodin et al,
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1979) and tissue culture demyelinisation (Bornstein et al, 1965). No use-
ful diagnostic test has come forth from these studies.

Allthough the interest in CSF immunoglobulins in MS centers mainly on
those of type G, sporadious studies on those of other types have been made.
For the high molecular weight IgM, the following conclusions were

reached for MS (Sindic et al, 1982):
- in nearly fifty percent of the patients an elevation of CSF/IgM
concentrations was observed.
- the lack of correlation between the blood/CSF ratios for albumin

and IgM lets suppose that a fraction of the CSF/IgM is produced
intrathecally.

- the presence of oligoclonal IgM in the CSF of about 3 percent of
the MS patients has been reported (Link et al, 1977).

- the lack of correlation between the CSF/IgM values and the clinical

data undermine the interest of this determination.

Measurement of the immunoglobulin A concentrations in MS/CSF with the
same technique led to the conclusion that in about 20 percent of the pa-
tients the local IgA biosynthesis reached values above the upper normal
limit (Sindic et al, in print).

Serious data on the CSF/immunoglobulin E levels became available only
recently (Sindic et al, 1984) and it was observed that most neurological
patients with an elevation of the CSF/IgE values suffered from various in-
fections of the central nervous system. Most of the MS patients studied
had CSF/IgE values only slightly above the upper normal limit and no local
biosynthesis could be detected.

Related to the immunoglobulins is the problem of the eventual presen-
ce of immune complexes. Allthough conflicting results have been published
for MS patients, in a recent study, using the particle counting immuno-
assay (Sindic et al, 1984), no significant concentrations of immune com-

plexes could be detected in MS/CSF.
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Multiple Sclerosis: A Two Stage Process?

D. INZITARI, G. VOLPI, A. CASTAGNOLI and L. AMADUCCI

INTRODUCTION

In order to confirm and to better define previously reported data
(Bartolini et al., 1982) (Inzitari et al., 1984) indicating an abnormal
IC pattern in a high number of Multiple Sclerosis(MS) patients, we
revaluated the result of IC study in 86 cases(49 male and 37 female)
affected by a definite form of MS and studied during the last 10 years
(1975-1985). Correlations were searched between IC abnormalities,
clinical and laboratory findings. Particular attention was drawn to the
possible relationship between changes of the CSF flow and symptoms in MS.

MATERIAL AND METHODS

99Tc-DTPA solution, 20 to 30 uCi per Kilogram of body weight (total
volume, 1 to 1.5 ml), was introduced into the spinal subarachnoid space.
Radiography was performed 1, 2, 6, and 24 hours after the injection. The
Cisternographic pictures were classified according to recent literature
(Wolinski et al., 1973):

Normal pattern: uninterrupted flow from the 1lumbar subarachnoid

space into the basal cisternes, around the brainstem, through the

tentorial notch into the Sylvian cisterns, and over the convexities

of the emispheres to the parasagittal regions. No ventricular

activity is observed.

Slow flow pattern (Dov Front, 1982): low ascent of the tracer over
the emispheric convexities, with persistent visualizations of the
basal cisterns at 24 hours, no ventricular activity is observed.
Mixed pattern:filling of the ventricular system 4 to 6 hours after
lumbar injection. At 24 hours ventricular activity may still be
seen, but normal flow over the hemispheric convexities is also
observed.
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Ventricular pattern: Ventricular influx both early and late as
long as radioactivity can be detected. Although there is no flow of
isotope above the tentorial notch, one or both sylvian cisterns may
occasionally be visualized; flow over the hemispheres to the
parasagittal regions is not observed.

Diagnostic criteria of MS were those indicated by Poser ( Poser et
al., 1984). The different clinical courses were classified according to
McAlpine's criteria (McAlpine et al.,1972) . The disability degree at the
time of IC examination was assessed by means of the Kurtzke's expanded
disability status scale (E.D.S.S.) (Kurtzke, 1983) . Mental impairment
was evaluated using the item 14 of the Incapacity Status Scale (I.S.S.)
of Kurtzke (Kurtzke, 1981) The IgG index was calculated according to
Tibbling and Link (Link et al., 1977). The Agar-gel electrophoresis IgG
pattern was carried out according to Lowenthal (Lowenthal et al., 1960).

RESULTS

In 28 (32%) of the 85 MS patients examined, the IC study showed an
abnormal picture (Table 1). In 13 cases the IC was of "Slow flow" type,
in 11 cases the pattern was defined as mixed and in 4 cases as
ventricular. The abnormal IC was significantly more frequent among
patients with a longer duration of the disease (Table 2), those with a
chronic progressive course and those with a higher disability score
(Table 3). Moreover an abnormal IC was significantly more frequent in the
group of patients with mental impairment (Table 4). On the contrary no
correlation was found with IgG index values and the occurrence of an
cligoclonal pattern (Table 5).

Table 1: The Cisternographic pictures were classified as follows:

Neof Neof
cases cases
NORMAL 57
ABNORMAL Slow flow pattern 13
Mixed pattern 11 28
Ventricular pattern 4

Total 86
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Table 2: Correlations between cases with normal and abnormal IC pattern
and sex, age and duration of disease.

IC IC
Parameters normal abnormal p
SEX (M/F) 34/22 15/15 n.s.
AGE (years)  36.9+9 43.5+9 n.s.
DURATION
OF DISEASE (years) 7.3+6 12.48+7 0.001

Table 3: Comparison between cases with normal and abnormal IC pattern in
relation to clinical course, disability score and evolution.

IC IC
normal abnormal p

CLINICAL COURSE
Remitting 27/57 4/27

0.001
Chronic-progressive 32/57 23/27
DISABILITY SCORE (Expanded Disability Status Scale)
E.D.S.S. ¢ 4 23/57 2/27

0.001
E.D.S.S.) 4 34/57 25/27

Table 4: Comparison between normal and abnormal IC groups by mental
impairment as defined according to the Incapacity Status Scale
(I.S.S.) (Kurtzke, 1981)

IC Ic
normal abnormal p

Mental impairment 3/57 11/28 0.001
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Table 5: Comparison among patients with normal and abnormal pattern
according to CSF findings

IC IC
normal abnormal p
Oligoclonal IgG pattern 18/27 9/27
n.s
Normal IgG pattern 37/54 17/54
IgG Index (Link) 0.9+0.5 1.05+0.9 n.s.
DISCUSSION

The hereby reported data of IC study in MS confirm on a larger
series of cases the previously published findings of a significant
correlation among IC abnormalities, severity of disability and
progressive clinical course.

However the observation obtained in smaller series of cases
indicating a correlation between the IC alterations and the IgG index
values was not confirmed. It is possible that the larger number of milder
cases included in the present report may contribute to this finding. On
the other hand while in the previously reported cases the picture of the
so-called ventricular pattern (corresponding to the normal pressure
hydrocephalus pattern) had been never observed, we recently were able to
detect this pattern in four cases of the present series.

Moreover it was of interest to find that the abnormal IC pattern was
more frequent among patients with mental disturbances. These observations
may further suggest that CSF flow disturbances may have a role in the
clinical picture of MS, aggravating the functional disability and
contributing to a progressive course.

Retrospective and Prospective studies are needed in order to confirm
the prognostic predictive value of IC in MS; other methodologies such as
Nuclear Magnetic Resonance (N.M.R.), enhanced C.T. and Cisternography
with not ionic contrast media together with CSF pressure monitoring may
add further elements on this ground, and are in progress.
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CSF Immunoglobulins and Clinical Course

H. LINK

INTRODUCTION

Establishment of a relation between any clinical variable of MS such
as disease activity or duration, and aberrations of CSF immunoglobulins
is hampered by several difficulties. Clinical variables are often diffi-
cult to define. Thus, an exacerbation may be simulated by changes of body
temperature, or plaques may develop in areas of white matter without
presenting any clinical signs and symptoms. One or two strategically lo-
cated plaques may induce profound disability while, in other patients,
extensive dissemination of plaques may be accompanied by no or only
slight disability. Furthermore, various "treatment" protocols nowadays
used in many centres include drugs which modulate the immune response and
have Tong-lasting effects on e.g. Ig levels in CSF. These may be some of
the reasons why, in the vast literature on MS, few studies deal with re-
lation between clinical variables and Ig aberrations in CSF even though
these aberrations after all might have importance for the pathogenesis of
the disease. Thus, modern laboratory tests such as nuclear magnetic reso-
nance studies or determinations of myelin basic protein levels in CSF in
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MS patients in order to establish disease activity more appropriately,
have hitherto not been related to Ig concentrations in CSF.

IgG LEVELS AND NUMBERS OF IgG PRODUCING CELLS IN CSF

In a classical study from 1954 Yahr, Goldensohn and Kabat related the
CSF IgG/total protein ratio (an indicator for IgG synthesis within the
CNS) to a number of clinical variables among 244 patients. The IgG ratio
was increased in 67%. Elevated ratios did not correlate to type of onset,
acute or chronic, duration of disease (1-20 years) or occurrence of new
symptoms. However, increased ratios were found in 80-100% of patients who
had multiple attacks, multiple lesions and marked functional disability,
while the lowest incidence, 47% was found in patients who had only one
attack - so called benign MS. Others have confirmed this observation. In
one study patients with no or slight disability after a duration of
diseases >10 years showed a low frequency of abnormally high CSF IgG/
total protein ratios (Olsson et al., 1976). Adopting the IgG index equal
to (CSF IgG/serum IgG):(CSF albumin/serum albumin) on 105 consecutive
patients with MS, only 2 of 17 cases (12%) with malignant course (moderate
to severe disability within 5 years after onset) displayed normal values
compared to 9 of 19 patients (47%) with the most benign course (slight or
no disability after 20 years) (Stendhal-Brodin and Link, 1980).

In a study comprising 64 patients with MS we were also unable to iden-
tify a correlation between clinical variables in the form of age at the
time of Tumbar puncture, duration of disease, exacerbation of symptoms
and disability degree on one hand, and occurrence of elevated CSF I1gG/
total protein ratio on the other (Link and Miller, 1971). However, in a
subsequent study based on investigation of CSF and serum specimens ob-
tained from 22 patients during exacerbations as well as remissions, thus
enabling a more careful statistic evaluation and eliminating the diffe-
rence between individual patients, we calculated a ratio between the
concentrations of CSF IgG in the same MS patient (Olsson and Link, 1973).
In this way, a significant increase of CSF IgG levels could be documented
during exacerbations (Table 1). Significantly higher absolute values of
kappa and lambda chains were also registered during exacerbations, which
is in accordance with the elevated IgG levels.

Adopting a formula for calculation of IgG synthesis within the CNS per
24 h, Tourtellotte and Ma (1978) have reported higher IgG production in
patients with a greater number of relapses, in those with active clinical
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definite MS, and to some extent in older patients and in those with a
longer course of disease. On the other hand, no consistent effect on CSF
IgG production was noted in regard to degree of disability or clinical
status (exacerbating, stationary or remitting), except that production
was reduced by administration of ACTH and/or steroid therapy.

TABLE 1  Concentrations of IgG, IgA, albumin and kappa and lambda light
chain antigenic determinants and kappa/lambda ratios in CSF during exa-
cerbation and remission of MS. Values are mean t SEM. A11 CSF values are
percentages of CSF total protein. Modified from Olsson and Link (1973).

Exacerbation:
CSF protein Exacerbation Remission Remission ratio
(] 14.4 ¥ 0.84 13.6 ¥ 0.89 1.10 ¥ 0.04"
IgA 1.2 £0.11 1.0 ¥ 0.13 1.37 ¥ 0.12**
Albumin 57.3 % 2.66 55.2 ¥ 2.58 1.04 t 0.02
Kappa light chains 6.6 * 0.67 6.3%0.72 1.12 £ 0.05"*
Lambda Tight chains 5.0 ¥ 0.56 4.6 £ 0.54 1.19 £ 0.02**
Kappa/lambda ratio 1.5 } 0.19 1.7 0.26 1.04 ¥ 0.03

*Significance level of p< 0.05. **Significance level of p<0.01.

Enumeration of mature B cells, i.e. plasma cells secreting Ig, in CSF
and peripheral blood has increased our knowledge about the humoral immune
response in MS (Henriksson et al., 1981). Enumeration of Ig-secreting
cells may be carried out by an indirect hemolytic plaque-forming cell
assay which is based on the capacity of one single plasma cell to produce
and secrete Ig molecules of a certain class. Adopting this assay on 37
patients with MS, 89% had cells in CSF producing IgG. Subgrouping the
patients into active and stable MS did not reveal any differences (Table
2). As expected, the number of IgG producing cells was significantly
higher in CSF than in peripheral blood (Henriksson et al., 1985).

In conclusion, evidence has been presented for elevated CSF IgG levels
occurring more frequently in malignant compared to benign MS, and during
exacerbations compared to remissions. Numbers of IgG producing cells per
20 x 1031ymphocytes are higher in CSF compared to peripheral blood.
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IgA LEVELS AND NUMBERS OF IgA SECRETING CELLS ’N CSF

Only a minority of MS patients present evidence for intrathecal IgA
production when the IgA level is presented as CSF IgA/total protein ratio
(Link and Miller, 1971; Mingeoli et al., 1978) or as IgA index (Stendahl-
Brodin and Link, 1980). The study by Olsson and Link (1973) revealed, how-
ever, higher IgA levels in CSF during exacerbations compared to remissions
(Table 1).

Further evidence for a local IgA response in MS has recently been ob-
tained by enumeration of IgA producing cells. No less than 70% among 37
patients with MS displayed IgA secreting cells in CSF (Henriksson et al.,
1985). No difference was found when the patients were subgrouped into
active and stable MS (Table 2).

TABLE 2 Absolute numbers of plaque forming cells per 20 x 1031ymphocytes
in peripheral blood and CSF from 37 patients with MS and after subgrouping
in active and stable MS, in 20 patients with acute meningo-encephalitis
(AM) examined within 10 days after onset, and in peripheral blood only
from 27 healthy controls. From Henriksson et al., 1985.

Diagnosis and IqG IgA IgM
numbers of

subjects Blood CSF Blood CSF Blood CSF
MS Range 2-26  0-858 0-135 0-94 0-27 0-307
(n=37) Median value 10 89 25 10 4 4
Active MS Range 2-19 0-858 8-95 0-60 0-27 0-77
(n=13) Median value 8 89 17 5 4 4
Stable MS Range 2-26  0-520 0-135 0-94 0-23  0-307
(n=24) Median value 10 91 25 10 4 3.5
AM Range 0-319 0-716 7-295 0-596 4-99  0-326
(n=20) Median value 31 16 83 29 17 9
Healthy Range 2-20 n.d. 4-42 n.d. 1-7 n.d.
controls Median value 7 12 2

(n=27)

n.d. = not done
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IgM LEVELS AND NUMBERS OF IgM PRODUCING CELLS IN CSF

Modern technology has enabled determinatiaon of IgM in CSF under normal
and pathological conditions. Williams et al. (1978) measured IgM levels
in CSF by radioimmunoassay (RIA) and found raised CSF IgM/CSF albumin
ratios in 46% of 56 patients with MS. Interestingly, 8 patients had ele-
vated IgM ratio in presence of normal corresponding IgG ratio. No rela-
tionship was found between the CSF IgM level and clinical severity in MS,
relapses or steroid therapy. Employing particle counting immunoassay
(PACIA), Sindic et al. (1982) reported elevated IgM index in 32% of 80
patients with MS. Four of the patients had a high IgM index without
either increase of IgG index or presence of oligoclonal bands. None of 10
patients with MS history >15 years had elevated IgM index. Otherwise, no
significant influence of age of onset, interval between onset and sampling
and clinical state was observed. Forsberg et al. (1984) used enzyme-
linked immunosorbent assay (ELISA) and found elevated IgM index in 63% of
35 patients with MS. Two of the patients had elevated IgM index in the
presence of normal IgG and IgA indices. Elevated values were registered
in 11 of 15 patients with a duration of MS <5 years, in 8 of 10 patients
after 5-10 years, in 3 of 6 after 10-15 years, and in none of 4 after 15
years. Similar frequencies of elevated levels were encountered in active
and stable disease.

Further evidence for IgM synthesis within the CNS in MS has recently
been obtained by determination of numbers of IgM producing cells. 57% of
37 patients had cells in CSF producing IgM and in 6 of them, IgM produ-
cing cells predominated in CSF (Henriksson et al., 1985). No difference
was found between patients with active compared to stable MS (Table 2).

These studies indicate that IgM synthesis within the CNS is common in
MS but may vanish in burnt-out cases. Systematic studies are warranted in
order to establish the CSF IgM profile in relation to clinical variables
in greater detail. Determination of IgM index might have a place in the
routine characterization of the humoral immune profile of CSF in suspec-
ted as well as clinically definite MS. We have found evidence for presence
of monomeric IgM in addition to pentameric IgM in MS CSF. The possible
influence of the proportion between monomeric and pentameric IgM on IgM
determination should be evaluated, and the significance of presence of
monomeric IgM assessed.
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OLIGOCLONAL RESPONSE WITHIN THE CNS

No clear evidence has been presented that the oligoclonal band pattern
changes in relation to clinical MS variables, irrespective of method used
for demonstration of bands. Our data (Olsson and Link, 1973) and those of
others (for review see Walsh et al., 1983) indicate that the oligoclonal
IgG band pattern in the individual patient does not change over the course
of MS, but may be influenced by immunomodulatory "treatments". We have
recently performed agarose isoelectric focusing on unconcentrated CSF ad-
Justed to defined IgG levels, followed by transfer to cellulose nitrate
membrane and double-antibody avidin-biotin peroxidase staining (Olsson et
al., 1984). As many as 30 sharp oligoclonal IgG bands can be seen when MS
CSF is examined in this way. Simultaneous examination of consecutive spe-
cimens obtained from individual patients with MS covering exacerbations
and remissions revealed as principle feature a marked similarity of ban-
ding patterns in the individual patient. One or more weak band may wax
and wain, but whether this phenomenon is a result of technical pitfalls
or represents a biological phenomenon is not clear.

Lack of oligoclonal bands in CSF in patients with clinically definite
MS is accompanied by an improved prognosis. Fourteen out of 17 patients
(82%) with MS but lacking oligoclonal bands in CSF had no or slight dis-
ability after a mean duration of disease of 17 years, compared to 47 of
88 patients (53%) with oligoclonal bands after a mean duration of 13 years
(Stendah1-Brodin and Link, 1980). Absence of oligoclonal bands was only
rarely accompanied by elevated IgG index or abnormal CSF kappa/lambda
ratio.



MULTIPLE SCLEROSIS RESEARCH IN EUROPE 237

TABLE 3  Frequencies of mononuclear pleocytosis, elevated levels of IgG,
TgA and IgM and e]evated numbers of IgG IgA and IgM plaque-forming cells
(PFC) per 20 x 10° 1ymphocytes in CSF in 31 patients with monosymptomatic
paraesthesiae or hypasthesiae, subgrouped according to presence (group I)
or absence (group II) of oligoclonal bands in CSF. From V. Kostulas,

A. Henriksson and H. Link, manuscript in preparation.

Group I (n=20% Group IT (n=11)
CSF abnormality sample I sampTle sample 1  sample 2

Mononuclear cells > 5 14 11 1 0
CSF IgG index >0.7 10 11 0 0
CSF IgA index > 0.6 0 1 0 0
CSF IgM index >0.06 4/18 5/18 1 0
CSF IgG PFC >2 n.d. 12/16 n.d. 0/8
CSF IgA PFC >2 n.d. 5/16 n.d. 0/6
CSF IgM PFC >2 n.d. 5/15 n.d. 0.6
Normal CSF 2 2 10 11

n.d. = not done

In acute unilateral optic neuritis (Stendah1-Brodin and Link, 1983)
and monosymptomatic sensory disturbances (V. Kostulas, A. Henriksson and
H. Link, manuscript in preparation), demonstration of oligoclonal bands in
CSF has also prognostic implications. This is exemplified in Table 3 for
31 patients with paraesthesiae or hypaesthesiae who were subjected to lum-
bar puncture at two occasions and subgrouped with regard to presence
(group I) or absence (group II) of oligoclonal bands in CSF. The mean
intervals between lumbar puncture No. 1 and 2 were 13 and 15 months, res-
pectively. Among the 20 patients in group I, 19 displayed oligoclonal
bands in both specimens while one had bands in No. 2 only. The 11 patients
in group II were negative for bands at both occasions. Subsequent follow-
up revealed that 8 of the patients of group I and none of those of group
II had developed MS.

CONCLUDING REMARKS

Comparison of results obtained from determination of Ig levels and
numbers of Ig producing cells in CSF have revealed discrepancies which are
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most conspicious for IgA since elevated IgA levels were only rarely en-
countered in MS CSF while a majority of MS patients have IgA secreting
cells in CSF. It must therefore be anticipated that intrathecal IgA pro-
duction is common in MS although not detectable by conventional CSF IgA
determinations. One explanation might be that free Ig's in CSF are bound
to the target and therefore difficult to detect at increased levels. This
might be one reason why reports regarding relations between levels of
free Ig's in CSF and clinical variables have been few and sometimes con-
tradictory. It can be anticipated that enumeration of Ig producing cells
reflects the humoral immune response within the CNS-CSF compartment in a
more appropriate way. Similarly, determinations of levels of specific
antibodies in CSF might be inferior to enumeration of cells secreting
such antibodies. Systematic studies of numbers of Ig and specific anti-
body producing cells belonging to various classes and IgG subclasses over
the course of disease in individual patients with MS are highly warranted
to throw further 1ight on the possible role of the humoral immune res-
ponse within the CNS for the pathogenesis of MS. In order to circumvent
uncertainties inherent to more clinical evaluations, such studies should
include Taboratory grading for disease activity such as determinations of
levels of myelin basic protein in CSF as well as nuclear magnetic reso-
nance.
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Immunoglobulin Abnormalities for
IgG, 1gA and IgM in Cerebrospinal Fluid of
Multiple Sclerosis Patients

K. ]J. B. LAMERS, W. VAN GEEL, ]. C. N. KOK,
O. R. HOMMES and B. FEENSTRA

INTRODUCTION

Increased IgG levels in CSF and oligoclonal pattern of the gamma-
globulin fraction is characteristically found in MS patients (Laterre
et al., 1970; Kjellin et al., 1974; Delmotte et al., 1977).
Already in 1958 Frick et al. demonstrated that a part of the IgG in CSF
is produced within the central nervous system (CNS). Link et al. (1977)
introduced the IgG index as a measure of IgG synthesis within the CNS.
This index takes into account both an abnormal transsudation flow in
case of a disturbed permeability of the blood brain barrier (BBB) and
the actual serum IgG level. More than CSF IgG, the IgG index is a dis-
criminating parameter for abnormal IgG production in the CNS.
Abnormal concentrations of IgA and IgM in CSF have also been described
in MS patients. But IgA and IgM abnormalities in MS occur less frequently
than IgG abnormalities. The results differ considerably in various MS
studies (Glasner, 1975; Williams et al., 1978; Schuller et al., 1978;
Sindic et al., 1982). It is assumed that the CSF IgG, IgA and IgM from
non vascular origin is derived from production in the CNS (Frick et al.,
1958; Tourtellotte, 1978).
Intrathecal production of IgM has also been reported in occasional
patients with various inflammatory nervous system disorders such as
neurosyphilis (Strandberg et al., 1982), meningoencephalitis (Link et al.
1971), Guillain Barré syndrome (Link, 1973). These data imply that intra-
thecal IgM production may be of importance for the pathogenesis in
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inflammatory nervous system disorders. In order to establish the occur-

rence of the immunoglobulin abnormalities in CSF of MS patients we have

collected data on IgG, IgA and IgM in CSF and serum and the oligoclonal

aspect of CSF gammaglobulins in definite MS patients.

A patient group with other neurological diseases (OND) was also included
in the study.

MATERIALS AND METHODS

Subjects

In the MS group results of 98 definite MS patients, diagnoses accor-
ding to the criteria, described in the study of Schumacher et al. (1965)
were used.
Most of the MS patients had the chronic progressive form of MS. All
patients were hospitalized between 1983 and the end of 1984 in the
Radboud University Hospital, Department of Neurology, University of Nij-
megen. In order to compare the data of MS patients with OND patients,
217 OND patients were analyzed. Patients where the CSF was contaminated
with blood elements (red blood cells > 1000/3 mm3) were excluded from the
study. Some of the MS patients have received an intensive immunosuppres-
sive treatment years before. However, comparison of the immunoglobulin
levels between both patient groups (treated and untreated) did not give
obvious differences for IgM and IgA. The OND patients could be subdivided
into 16 different neurological groups. Five of these are included here:
infections in CNS (n=17), polyradiculitis/polyneuropathy (n=20), degene-
rative diseases (n=15), primary tumors and metastases (n=15), vascular
diseases (n=35). The reference group is a patient group (n=48) with cranial
nerve and spinal root disturbances, including HNP.

Biochemical methods

IgG, IgA and Albumin in unconcentrated CSF were measured by means of
an automated kinetic turbidimetric method on a centrifuged analyser. The
reaction time was approximately 2 min. Sheep antihuman IgG and IgA
(Boehringer, Mannheim) and rabbit antihuman Albumin (Behringwerke,
Marburg) were used. Serum was always diluted (1:400) with saline and
both specimens (CSF and serum) were run in the same batch.
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IgM was measured on a Hyland laser nephelometer with goat antihuman IgM,
(Hyland Diagnostics, USA). The reaction time was 2 hours. A sample blanc
was always measured. Serum was diluted (1:100) for the IgM determination.
Serum and CSF were determined in the same batch. The detection limit for
IgM was 0,1 ug/ml. CSF protein electrophoresis was performed on cellu-
lose acetate (cellogel). We used a tris, EDTA, borate buffer Ph 9,0

(high separation capacity for detecting oligoclonal bands). CSF proteins

were always concentrated by ultrafiltration for electrophoresis. For the
determination of abnormal immunoglobulin production in the CNS we have

used the Ig indices:

CSF Alb . ) _ CSF Ig (G, A or M)
serum AT5 5 Ratio Q Ig = oy Tg (G, Aor M) ;

Immunoglobulin index is the quotient = 8 Ig (G, A or M

Ratio Q Alb =

Statistical methods

The upper and lower 2,5 percentiles are generally accepted as limits
for reference range (Reed et al., 1971). Only the upper reference limit
is of interest for detecting intrathecal immunoglobulin synthesis. To
determine the upper 2,5 percentile we tested the Gaussian distribution
with the chi-square goodness of fit method.

RESULTS

Reference values of Ig indices

For the neurological control group (n=48) the individual values of
Q Alb are plotted versus Q IgG, Q IgA and Q IgM in fig. 1, 2 and 3 res-
pectively. There is a good correlation between Q Alb on the one hand and
Q IgG and Q IgA on the other hand (fig. 1 and 2). The absence of a clear



244 MULTIPLE SCLEROSIS RESEARCH IN EUROPE

correlation between Q IgM and Q Alb (fig. 3) and the slight correlation
between CSF IgM and IgM index (fig. 4) might suggest that CSF IgM is
regulated in a manner different from that of IgG and IgA.
The upper normal limits for the three immunoglobulin indices of the
reference group are:

for IgG index : 0.58

for IgA index : 0.39

for IgM index : 0.20

Indices above the upper normal Timits are indicative for intrathecal
immunoglobulin production in CNS.

In literature there is a conflicting discussion about the most suitable
parameter for discriminating intrathecal IgM synthesis: the IgM index or
the CSF IgM level. We have observed also indications for a difference in
regulation for IgM in comparison with CSF IgA and IgG. Therefore, for IgM,
both the IgM index ( > 0.20) and a CSF IgM Tevel ( > 1.0 mg/1) are used
in our study for determining abnormal IgM production in CNS.

Fig. 1 Relationship between Q. albumin and Q IgG in 45
patients of the reference group
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Fig. 2 Relationship between Q albumin and Q IgA in 46
patients of the reference group

Fig. 3 Relationship between Q albumin and Q IgM in 45
patients of the reference group
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Fig. 4 Relationship between IgM index and CSF in 35
patients of the reference group

Comparison of abnormalities for immunoglobulin indices and oligoclonal

pattern in MS- and OND patients

The median values of both the indices for IgG, IgA and IgM and the
CSF IgM concentration are presented in Table 1. Furthermore, the percen-
tages abnormalities for these parameters and the oligoclonal pattern are
given in this Table. In fig. 5 the abnormalities are graphically represen-
ted for the different neurological patients groups.
From these results it is evident that intrathecal IgG production and CSF
oligoclonal gammabands in definite MS patients are nearly always present
in CSF in contrast to abnormal IgA and IgM production. Moreover, all CSF
specimens in MS with an abnormal IgG index show an oligoclonal pattern.
This phenomenon demonstrates that the abnormal IgG in CSF of MS patients
has an oligoclonal gamma pattern. The CSF specimens with an abnormal IgM
show always an abnormal IgG.
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Fig. 5 Abnormal percentages of Ig indices and oligo-
clonal pattern in 8 distinct neurological
patient groups

Furthermore, with respect to infections in the CNS, it is obvious that the
percentages abnormalities in CSF immunoglobulins and the oligoclonal
pattern are all about 40%. 50% of the CSF specimens with an abnormal IgM
also show an abnormal CSF IgG. In the groups polyradiculitis/polyneuro-
pathy and degenerative diseases the percentages abnormalities are about
20%. Also in these groups about 50% of the CSF with abnormal IgM has also
abnormal IgG.

DISCUSSION

The findings in this study of abnormal CSF IgG in MS patients are in
agreement with other observations (Laterre et al., 1970; Kjellin et al.,
1974; Delmotte et al., 1977). Furthermore, the CSF specimens with an ab-
normal IgG in MS demonstrates an oligoclonal pattern. CSF IgM abnormali-
ties are rarely observed (15%). In different MS studies increased CSF
IgM values were found frequently ranging from 19% to 66% (Williams et al.,
1978; Schuller et al., 1978; Sindic et al., 1982; Glasner, 1975). The
variability in abnormal CSF IgM findings in MS patients can possibly be
explained by a combination of factors as differences in the measurement
of low level CSF IgM, the detection limits for CSF IgM determinations and
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differences in the various MS populations (chronic progressive forms and
exacerbating forms). Most of the MS patients in our study suffered from
the chronic progressive form, without distinct exacerbations. While IgM
production mostly appears at the beginning of an (acute) immunological
reaction, the low incidence of CSF IgM abnormalities in our study can
partly be explained by the choice of our MS population.

On the contrary, in the group of (acute) infections in the CNS we obser-
ved a shift in the humoral respons in CSF in comparison with the MS group
by a lower I1gG respons (47%) and a higher IgM respons (35% CSF index, 53%
CSF IgM). IgA and IgM show a comparable pattern with respect to CSF abnor-
malities. Longitudinal studies of CSF IgM, IgA and IgG, especially in MS
patients with the exacerbating form, might be important for the under-
standing of the immunological process in MS.
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Immunoglobulin IgG Abnormalities and the
Oligoclonal Pattern of IgG in
Multiple Sclerosis Brains

K. J. B. LAMERS, W. VAN GEEL,
R. A. WEVERS and O. R. HOMMES

INTRODUCTION

Elevated IgG distributed in oligoclonal bands is often observed in
the CSF of MS patients. There is evidence that the abnormal IgG in CSF
of MS patients is derived from intrathecal IgG production. Already in
1967 Tourtellotte et al. reported elevated IgG concentrations in both
plaques and apparently normal white and grey matter of MS brains. Other
studies in MS brains have confirmed the existence of elevated unbound
IgG in plaque and non-plaque material (Link, 1972; Gilden et al., 1977;
Mehta et al., 1981). Furthermore cell surface-bound IgG can also be
eluted from MS brains with help of acid or alkaline extraction of brain
material (Gilden et al., 1979; Mehta et al., 1981). Isoelectrofocussing
(IEF) in combination with IgG immunofixation (IF) of MS brain extracts
has frequently revealed an oligoclonal pattern of IgG (Link, 1972;
Mattson et al., 1980; Mehta et al., 1981).

Comparative studies of IgG levels and the oligoclonal aspect inside and
outside plaques and in different brain areas in MS patients are very
scarce. Therefore we have studied in 3 autopsy MS brains the presence

of bound and unbound IgG in different plaques and in brain sections out-
side plaques. Moreover we have analysed the oligoclonal pattern of IgG
in these brain extracts in order to determine the possible origin and
nature of the (abnormal) IgG and to compare the gammabanding in both

IgG fractions (bound and unbound) and in different plaques.
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MATERIALS AND METHODS

For the study of brain, autopsy brain material of 3 MS patients and
one non neurological control person was examined.
The specimens consisted of brain sections including cortex, pons and
spinal cord. Pieces (0.5-1.5 gr) of plaque and non plaque material of
grey or white matter were used. Signs of cellular activity were rarely
observed upon microscopic examination in any of the plaques.
Astrocytosis was present, while oligodendrocytes and myeline were gene-
rally absent in the plaque. The tissue was stored at -70°C until use.

Extraction of brain homogenates was performed according to the method
described by Mehta et al., (1981). The (0,01 M PBS, pH 7,2) brain homo-
genate was centrifuged for 1 h at 100.000 x g. The clear supernatant
(unbound IgG fraction) was collected. The residue was washed at least 8
times in 2,5 m1 0,01 M PBS each by centrifugation at 100.000 x g for 1 h
and the washing procedure was ended if the last washing showed an unde-
tectable IgG level (< 2,5 ygr/m]). The supernatants of the 2th to 8th
washing step were collected and examined. After the last washing step a
second extraction at pH 10,8 yielded the bound alkaline IgG fraction.

For isoelectrofocussing (0,3-0,7 Fgr) IgG was applied to the gel. For
immunofixation 50 pl of rabbit antihuman IgG (DAKO, Denmark) was used.
After 2 h incubation at 37°C, the gel was washed and stained with help

of the B10 Rad Silver staining technique. IgG in (un) concentrated elu-
ates was determined by means of an automated kinetic turbidometric method.
Sheep antihuman IgG (Boehringer, Mannheim) was used. Protein determination

of brain extracts was performed according to the method of Lowry et al.
(1951).

RESULTS

Variation of IgG levels in MS plaques of one MS patient

The distribution of IgG within one extensive plaque (spinal cord)
was studied by cutting out 9 small pieces of tissue. Furthermore, also
the IgG Tevel in 3 different plaques in one MS brain was examined (cortex,
pons, spinal cord). The results are presented in Table 1. Form these
results it is clear that the variation of IgG inside one plaque is minor
in contrast to the variation between plaques for both fractions (bound
and unbound).
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TABLE 1 IgG Tlevels in MS plaques
ugr 1gG/gr

No of Wet weight in 196 wet weight

specimens gr (range) fraction mean sd v.c.%
Inside one 9 0.49 - 1.18 unbound 52.2 16.7 32
plaque bound 47.9 1.7 24

mean range

Between plaques 3 0.20 - 0.70 unbound 170 52 - 338
in one MS brain bound 174 48 - 370

Variation of IgG levels in MS brain sections of various patients

The concentration of IgG inside different plaques and outside
plaques of 3 MS patients and the distribution of IgG over both fractions
(bound and unbound) were examined. The results are given in Table 2 and 3.

TABLE 2 Median 1gG levels in MS brain
Unbound IgG Bound IgG
pgr/gr wet weight pgr/gr wet weight
Inside plaque Outside plaque Inside plaque Outside plaque
(7 plaques/2 brains) (n = 10 in 3 brains) (7 plaques/2 brains) (n = 10 in 3 brains)
Median 120 94 47 30
Range (0 - 668) (27 - 158) (0 - 370) (0 - 1000)
TABLE 3 IgG levels in brain sections of MS patients
Mean ugr IgG/gr
Brain Noof  No of wet weight
localization Position plaques patients unbound bound
Cortex inside plaque 5 2 94 113
Pons inside plaque 1 1 668 103
Spinal cord inside plaque 1 1 52 43
Cortex outside plaque 9 3 91 38
Pons outside plaque 1 1 101 1000
Cortex control brain 1 37 9
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The individual values of Table 2 are plotted in Fig. 1.

No obvious difference was found between the median unbound IgG Tevel in-
side and outside plaques. A similar result was obtained for the bound IgG
fraction (Table 2). This is in contrast with the results of Mehta et al.
(1981).

Fig. 1 MEDIAN 1gG LEVELS IN MS BRAINS
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The median IgG concentration of the bound IgG fraction is lower than in
the unbound fraction (Table 2).

The highest value for both unbound and bound IgG is found in the pons
(Table 3).
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The 1gG levels (bound and unbound) in 3 MS brains are generally higher
than in the control brain (Table 3).

Very Tow levels (< 2,5 ugr/gr) as well as very high levels of bound IgG
are sometimes found both inside and outside plaques in MS brain. Similar
variations have been found for unbound IgG.

The oligoclonal aspect of IgG in MS brain

With help of the IF method we have studied the oligoclonal pattern
of 9 different MS brain extracts from 3 MS patients and 4 brain extracts
from 1 control person. The results are presented in Table 4. All investi-
gated MS brain extracts showed an oligoclonal aspect for IgG. The 4 brain
extracts of the control person had a normal (serum like) IgG pattern.

We have also characterized the identity of the banding pattern in diffe-
rent brain sections of one patient. In one experiment the banding pattern
of unbound IgG inside a plaque was identical with the unbound IgG frac-
tion of a brain section at a 2 cm distance outside this plaque. Further-
more, 2 specimens (outside plaque sections) in one MS brain showed both
common and unique bands. Non-identical bands were observed on comparing
bound and unbound IgG inside one plaque.

TABLE 4 Oligoclonal aspect of IgG in different brain sections with help of immunofixation

No of specimens No of specimens No of specimens percentage

No of with IF with an oligo- with a serum oligoclonal
patients Localization IgG fraction investigations  clonal aspect like aspect aspect (%)
2 inside plaque unbound 3 3 0 100
3 outside plaque unbound 5 5 0 100
1 outside plaque bound 1 1 0 100
1 control brain unbound 4 0 4 0

DISCUSSION

The findings in this study of abnormal IgG concentrations in bound
and unbound brain fractions of MS patients are in agreement with other
observations (Link, 1972; Gilden et al., 1979; Mehta et al., 1981). In
contrast to the results of Mehta et al. (1981) we found comparable IgG
levels inside and outside plaques. A possible explanation for this dif-
ference can be given by the fact that signs of cellular activity were



256  MULTIPLE SCLEROSIS RESEARCH IN EUROPE

rarely observed in any of the plaques in our material. This observations
do raise the question about the origin and significance of abnormal IgG
in inactive plaques, especially the bound IgG fraction.

With respect to the oligoclonal pattern, we can confirm the results of
other studies about the oligoclonal nature of abnormal IgG in MS brain
(Link, 1972; Mattson et al., 1980; Mehta et al., 1981). We have observed
abnormal gamma banding in the bound IgG fraction of a tissue sample (out-
side plaque). The banding pattern was not identical with the pattern in
the unbound IgG fraction. There are also indications that in different
brain areas of one MS patient both common and unique bands are present

in the unbound fractions. Similar results have been found by Mattson et
al., (1980).

Several explanations for this observation can be given. 01d inactive
plaques might contain plasma cell clones differing from clones in more
recent plaques. Another possibility is that a single agent can undergo
antigenic shifts leading to different antibody responses in time. Finally,
the presence of both specific and nonsense antibodies in individual
plaque has been suggested (Mattson et al., 1980). The specificity of anti-
bodies in MS has not yet been established. Antibodies to known and un-
known brain substances, oligodendrocytes or viruses have been thought to
play a role in the humoral respons in MS brain.

Investigation of the location and nature of IgG in MS brain extracts can
be important for an understanding of the pathogenesis of MS.
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INTRODUCTION

Although the pathogenesis of multiple sclerosis (MS) is still to-
day unknown, many lines of evidence suggest that an aberrant immune
response is involved (Weiner et al., 1982). The most important data sup-
porting this point of view are the finding of an intrathecal IgG produc-
tion of restricted heterogeneity, the presence of a mononuclear and
plasmacell perivascular infiltration in areas of acute demyelination,
the finding of autoantibodies directed at myelin basic protein or other
brain antigens, the prevalence of certain HLA haplotypes closely to the
genetic locus of immune response control and finally the pathogenetic
mechanism of the demyelinating disease of experimental models in animals.
The humoral immune system abnormalities were the first to be noted but
still awaits elucidations. We studied in several directions immunoglobu-
lins, immunocomplexes and viral antibodies in MS patients.

MATERIALS AND METHODS

A11 MS patients had a clinically definite diagnosis according to the
criteria of Mc Donald and Halliday (1977). Other neurological diseases
included: spondylotic myelopathies, brain tumors, spinal cord tumors,

ALS, cerebellar atrophies, spino-cerebellar ataxias, essential tremor
etc. i.e. non-inflammatory, non immune-related neurological diseases.

257
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Cerebrospinal fluid (CSF) IgG synthesis: (a) the IgG index was calcula-
ted according to Link; (b) the CNS de novo synthesis was calculated ac-
cording to the empiric formula proposed by Tourtellotte. Normal values
were less then 3.3 mg/24 hrs; (c) CSF and serum isoelectrofocusing (IEF)
were performed on thin layer 5% polyacrylamide gels containing ampholines
with pH range 3.5 - 9.5 by a LKB-Multiphor equipement, according to the
manufacturer's instructions; (d) CSF and serum protein quantitation was
performed by single radial immunodiffusion according to Mancini (1965);
(e) analytic capillary isotachophoresis (ITP) was performed by Delmotte's
method on a LKB 2127 Tachophor apparatus; slow IgG percentages and intra-
thecal synthesis rate by ITP (mg/24 hrs) were previously described by
Zaffaroni et al.(1983); immune complexes assay was performed by Procac-
cia et al.(1983) using three different methods: Clq binding test

(C]q BA); polyethylenglycol precipitation test (PEG-prec.); monoclonal
rheumatoid factor inhibition test (MRF-1); virological studies: the
antibodies to measles rebella, mumps, parainfluenza 1, herpes simplex
type 1 and 2 were titred as described in Caputo et al. (1981), Ferrante
et al. (1982).

RESULTS

thesis by different methods (Table 1) demonstrated that IEF of CSF is
the most reliable index, once other causes of oligoclonal IgG synthesis

Tab. 1: IgG syntheis in MS and OND patients: percentages of pathological

findings
IgG INDEX IgG DE NOVO SYNTH. IEF
MS DEFINITE n. 32 80.8% 84.6% 93.7%
OND n. 17 35.7% 21.4% 11.7%
n.v. 0.8 n.v. 3.3 mg/24hrs.
STUDENT'S T-TEST P< 0.01 P< 0.01

are excluded (SSPE viral encephalitides, neurosyphilis, paraproteinemia).
ITP analysis demonstrated that CSF from MS patients are significantly
characterized by high percentages of slowly migrating IgG fractions

(Fig. 1, 2). The high concordance of this parameter with Tourtellotte's
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Fig. 1. = “Slow IgG" percentages in the CSF of patients with M.S. and O.N.D. lines represent mean
value + S.D.

Fig. 2: = Slow IgG synthesis rate in patients with M.S. and O.N.D.

empiric formula (Fig. 3) suggests that these "slow IgG's" are intrathe-
cally synthesized.
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each sample are illustrated in Fig. 4. If we consider our MS population,
we can outline that 17/30 patients had increased levels of IC when

Fig. 4. = Circulating immune-complexes in M.S. patients.
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measured by C1 BA. This frequency is Tower for the PEG-prec. test and
for the MRF-1 assay (Fig. 4). We can, first of all, outline that our

MS patients reveal the well known high frequency increased titres of
measles antibodies which are constantly higher in patients with increased
levels of IC. Particularly the correlation is statistically significant
(P< 0.01) for the PEG-prec. test. We stress the finding that

patients with the highest IC levels (PEG-prec. test defined) show simul-
taneously the highest anti-measles virus antibody titres (Table 2).

Tab. 2: Correlation between circulating immune complexes (IC) and viral
antibodies (geometric means).

Measles Rubella
PEG » 30 1:23.1 1:38.2
PEG < 30 1:10.8 1.38.9 °
C -BA 320 1:14.6 1:32.9
1q o o
Clq—BA < 20 1:12.9 1:45.4
Clq-BA + PEG 1:15.7 1:39.0
° o
pos./neg. 1:12.6 1:41.7

* p < 0.01 (Wilcoxon test)

o = N.S.

differ from controls as it concerns antibody titres against two para-
mixoviruses first of all measles, secondly mumps (Table 3, 4). We are

Tab. 3: Antibodies antimeasles levels in M.S. patients and controls. (M.S. patients
have been divided in treated and untreated with immunosuppressive drugs).

Antibodies Subjects No. examined No. positivity (%) P (1)
treated patients 151 136 (90.0)

HIT untreated patients 32 30 (93.7) < 0.05
controls 153 139 (90.8)
treated patients 151 145 (96.0)

CFT untreated patients 32 31 (96.8) < 0.001 (2)
controls 153 116 (75.8)

(1) At X2 test, according to Yates remark, comparing frequencies of patients under tre
atment, untreated and controls (2 g.l.).

(2) Comparison patients examined versus controls P < 0.001 (1 g.l.). Comparison pati-
ents not examined versus controls 0.05 > P > 0.0{ (1 g.1.).
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carrying out a case control study in which the antibodies against seve-
ral viruses are checked in the sera of MS cases, of one patients' sibling
and of one patients' childhood friend. Table 4 reports the preliminary
results of 45 triplets. A significant difference has been observed for
HSV-2 antibodies between the patients and the other two groups. This
finding is very interesting especially if we consider that both the two
control groups are probably overmatched with the MS cases (Table 5).

This fact confirms the previously suggested role of HSV-2 virus in the
aetiology of MS (Martin, 1981).

Tab. 5: Are reported the reciprocal of the antibody titers or
optical density (OD) observed in the three groups.

GMT AND MEANS OF ANTIBODIES IN

MS CASES SIBLINGS PLAYMATES
MEASLES CFA 12 12 12
MEASLES HIA 15.5 11.7 10
MEASLES EIA 15.18 13.91 14.01
MUMPS CFA 3.8 3.8 4.5
RUBELLA HIA 27 27 18
HSV-1 EIA (OD) 1.23 1.18 1.20
HSV-2 EIA (OD) 0.69* 0.63 0.61

GMT: Geometric Mean Titers

* P < 0.05 Between the patients and other two groups.

CONCLUSIONS

The finding of intrathecally synthesized oligoclonal IgG is the
most evident abnormality of humoral immunity in MS; so important that it
is often used for diagnostic purpose, even if not pathognomonic for MS.
Beside this, we do not know yet the antigenic specificity of this abnor-
mal IgG synthesis. It has been also reported the presence of abnormally
high titres of circulating antibodies against some viruses, particularly
against measles virus. Unfortunately this finding is reported also in
other diseases such as chronic active hepatitis. Perhaps, rather than
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matching different populations it will be more useful to further investi-
gate populations at risk: for example the period of 1ife since birth up
to fourteen years (which has been stressed by epidemiologists) and the
period of disease onset. Recently, this kind of study has brought to
formulate hypothesis that HSV1 may be a protective factor toward HSV2
infection, considered as the putative aetiological agent of MS (Martin,
1981). Again, we must continue to study circulating immunocomplexes not
only in the terms of "presence or absence", but in order to characterize
both the anticorpal and the antigenic component. Immunocyte abnormalities
certainly play an important role in MS immune system imbalances. In
chronic-progressive form of MS, as during the clinical exacerbations of
the relapsing-remitting form, our and several other laboratories have
found a reduction of number of T-cells mediating a suppressive/cytotoxic
immune activity (Zaffaroni et al., 1985). If we admit that the enhanced
IgG synthesis is caused by such a reduced suppressive activity, two main
questions raise: (1) is this an aspecific event or is this anticorpal
synthesis directed.toward a restricted number of antigens? (2) Is there
a specific environmental factor or could any factor in certain periods
of 1ife trigger this over-production of IgG, which is somehow related

to the pathogenesis of MS? It has been recently reported that certain
viral agents can infect and selectively alter T-lymphocyte activity (see
AIDS). Thus we must consider the possibility that unknown viruses or un-
known viral effects may cause immunological imbalances, (even transito-
ry), which constitute the background for other factors able to trigger
the pathogenetic mechanisms of MS. In this regard we must remember the
well-known hypoergic phase following measles infection. An interesting
Tine of research is the attempt to find specific antibodies produced by
cloned lymphocytes from MS patients. We must moreover stress here the
recent finding that T-lymphocytes from some MS patients are highly cyto-
toxic for measles infected HLA-specific human cells (Jacobson et al.,
1984). This finding is the in vitro demonstration of a not new but still
actual hypothesis of MS pathogenesis: a genetically determined aberration
of immune response which reacts abnormally versus measles infection.
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Antigenicity of Galactosylceramide

B. ZALC, M. MONGE, C. LUBETZKI and N. A. BAUMANN

INTRODUCTION

Galactosylceramide (GalC) is the major glycolipid of the central nervous system
(CNS) and in adult human myelin it accounts for 238 of the total lipids. The immunological properties of
GalC were first detected during the search for a solution to the problem of the immunological specificity
of brain lipids. Brandt et al. in 1926 reported that an antiserum against bovine brain reacted highly with
the total brain lipid extract from other mammalian, but not with lipid extracts from other organs. It
took 35 years before Joffe et al. (1963) demonstrated that the so called " lipid hapten of CNS " is in
fact GalC. Another line of evidence for the immunological properties of GalC came from the work by
Niedieck et al. (1963) showing that the serum of rabbits developing allergic encephalomyelitis reacted
with GalC. Since, antisera against GalC have been produced by immunization with the purified lipid. In
this report we will present data on the production of antiGalC antibodies, the serological tests allowing
their detection, and the use of these antibodies both in basic and clinical research.

METHODS

As stated above, antibodies against GalC are present in sera from animals
immunized with whole brain or spinal cord or myelin. If total brain lipid extracts or pure GaiC are
injected, one need to add a carrier for the mixture to become immunogenic. Indeed, GalC, as other
lipids, is a hapten. But contrary to usual haptenic molecules, the coupling of GalC to the carrier does not
have to be covalent; simple mixing of GalC with the carrier is sufficient. Most probably, binding of GalC
to the protein carrier occurs by binding of the two aliphatic chains of GalC via hydrophobic bonds. This
lets the antigenic determinant of GalC, i.e. its hydrophilic moisty, accessible to the i ompetent
cells. Most frequently, antiGalC antisera have been raised by immunizing rabbits (or mice) with a
mixture of GalC, carrier (usually serum albumin) and complete Freund adjuvant (CFA). In our
laboratory, we prefer to use the immunization procedure described by Dupousy et al. (1976). This
involves repeated intravenous injection of a mixture of GalC-cholesterol-human (or bovine) serum
albumin in the respective weight ratio 0.2 : 1 : 4. The antisera thus obtained displayed a high affinity
and specificity,( Zalc et al. 1981).

More recently, monoclonal antibodies (mAb) to GalC have been produced in
different laboratories. Ranscht et al. (1982) immunizing mice with synaptic membranes produced a mAb
which target antigen was shown to be GalC. Similarly, among a battery of mAb produced by injection of
bovine corpus callosum, Schachner (1982) reported two of them to be directed against GalC. More
recently, Rostami et al. (1984) have generated an antiGalC mAb following immunization of mice with a
mixture of purified GalC and bovine serum albumin in CFA.

267
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For the purification of anti-glycolipid antibodies, several immunoadsorbents have
been used. One involves incorporation of glycolipids into a polyacrylamide gel (Marcus 1976), others
involve covalent attachment of glycolipid to different supports such as aminoalkyl-agarose or glass
beads, or aminopropy! silicagel (Laine et al. 1974, Kundu and Roy 1979, Uchida and Nagai 1980). Alving
and Richards (1977) have purified antiGaiC antibodies by adsorbtion of the antiserum to GalC containing
liposomes followed by either elution with 1M Nal or extraction with a saline-chloroform mixture. All
these methods still have their own drawbacks in reproducible preparation of adsorbents or in their yield
of purification. In our hands the most satisfactory procedure to purify antiGalC antibodies has been the
one developed by Coulon-Morelec (1972). The immunoadsorbent is prepared by adsorbtion of GaiC to
cholesterol particles dispersed in 0.15M NaCl. The immunoadsorbent is centrifuged and the pellet
resuspended in the antiGalC antiserum with stirring for 30 min at room temperature. The
immunoadsorbent is washed twice in saline before beeing treated with 0.01M HBO3 for 45 min. The

specific antibodies are eluted by stirring 1S minina NuCl-BaCIz solution (2.5 and 0.01M respectively)

The immunoadsorbent is then separated from the purified antibodies by dissolving the former in ether
containing 0.5% lecithin.

With regards to GalC (as well as to others glycolipid haptens) the assay of
specific antibodies Is more difficult than with usual water soluble antigens. Most, if not all, of the
classical serological techniques have to be adapted in order to circumvent the problems due to the
hydrophobicity of GalC. Before solid phase immunoassays had been developed, the most commonly used
techniques were precipitation in agar, passive agglutination and complement fixation (CF). For all these
assays, GalC had to be mixed with aux//iary /ipids, i.e. lecithin and cholesterol. The role of auxiliary
lipids has been discussed in details in the remarkable review by Rapport & Graf (1969). One
explanation, though probably incomplete, is that the mixing of lipidic hapten in a water phase with
cholesterol (hydrophobic) and lecithin ( amphiphilic) forms mixed micelles where the carbohydrate of
the hapten protudes and is more accessible to the antibodies. Among these assays, we found CF the most
sensitive, specific and reproducible.

Complement-mediated lysis of liposomes (CLL) containing GalC also needs auxiliary lipids (Alving et al.
1974). Although sensitivity of CLL can be greatly influenced by the choice of entrapped marker, it
remains usually in the same range as CF, and in our hands CLL has not been much more performant as
CF. Comparing these two assays, one peculiar fact is noteworthy: antiGalC and
antimonogalactosyldiglyceride antisera cross react completely with their respective haptens in the CF
test. This cross reactivity is not observed when the antisera are reacted with biological membranes
containing one or the other hapten (Dupouey et al. 1976). Similarly, each antiserum, in the CLL test,
reacts only with liposomes containing the specific hapten but not the other (Alving et al. 1974). This
suggests that in the CLL, the presentation of the hapten to the antibodies matches very closely the one
occuring in vivo in natural membranes.

More recently, solid phase immunoassays have been introduced. For RIA or ELISA, microtitration
plates are coated by evaporation of GalC solutions either in ethanol (polystyrene) or in methanol:
chloroform 1:1 (polyvinyl). in our hands these types of assays have been found to be more sensitive
than CF by a factor of 2 to 5. They are usually less adapted to detect cross reactivities and unspecific
sticking of some sera or antibodies (especially IgM) to the plastic is a frequent, difficult to overcome,
encountered problem.

An interesting opening has been the introduction by Magnani et al ( 1980) of immunodetection on
thin-layer chromatogram (TLC). ~This technique, first developed for detection of GM by '29-labeled

cholera toxin is in many respects the equivallent for lipids of “western blot™ for proteins. It is thus the
ideal technique to study the cross reactivity of any antiglycolipid antibody, As a total lipid extract can
be screened in one experiment. A major drawback of the technique is that its sensitivity varies
considerably from one lipid to another. For instance, comparing one antiGM, and one antiGalC antisera

having the same titer in the CF test, the antiGM, could detect ng amounts of GM spoted on the TLC,
while the antiGalC could not detect less than100ng of GalC (unpublished data).
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| localization of GalC
Contrary to what we have described for serological assays, immunolocalization
of GalC on dissociated cells or cultures, is not more difficult as for a protein antigen.

In the case of localization on tissue sections, few methodological points are worth to be stressed. As
GalC is a lipid, any microtomy technique involving dehydratation of the tissue by organic solvant which
solubilizes GalC is out of question. This excludes for instance paraffin embbeding.

Fixation, although not compulsory, is advisable as it insures a better preservation of the sections, Qur
best results have been obtained with paraformaldehyde (4% in buffer). One should avoid commercially
available formaldehyde as this chemical is stabilized with 108 methanol.

Accessibility of antiGalC antibodies to the myelin sheaths has been a delicate problem to solve (Zalc et
al. 1981). We now preincubate the sections for 1 min in ice cold ethanol (Zalc et al. 1983 and 1984).
This brief and mild ethanol treatment was found more satisfactory than the Triton X-100 treatment we
had first developed (Zalc et al. 1981). It solubilizes part of myelin phospholipids and cholesterol, but not
GalC, allowing thus a better penetration of antiGalC antibodies to their target hapten.

RESULTS

Use of GalC as an oligodendrocyte marker in culture has first been
pointed out by Raff et al. (1978). It has since been widely used in many laboratories. In isolated
myelinated axons preparations, we have shown that GalC was present at the surface of the myelin
sheath (Dupouey et al. 1979). On brain tissue sections, we have reported that GalC was present only in
myelin and oligodendrocytes (Zalc et al. 1981). GalC was found in the whole thickness of the myelin
sheath. In the myelinated tracts isolated oligodendrocytes and intrafascicular oligodendroglial cells
were GalC positive. Qutside myelinated tracts, satsllite oligodendrocytes were also GalC positive.
Interestingly enough, we found that subependymal cells, in the close vicinity to corpus callosum,were
also positive for GalC. This suggested that, in adult animals, immature oligodendrocytes start
synthetizing GalC before their migration in the corpus callosum. In culture, GalC seems to be the first
known myelinic marker synthetized by oligodendrocytes (Abney et al. 1981). During development, in
dissociated cell preparations, comparing different myelin constituents, we found that oligodendrocytes
first express GalC, then Wolfgramm protein W1, then myelin basic protein (MBP) and proteolipid
protein (PLP). This sequence was always respected, whatever brain area was explored. The absolute
timing of appearance of GalC differed from one area to another, respecting the caudo-rostral timing of
myelination (Monge et al. in preparation).

AntiGalC antibodi I
Studies on in vitro and in vivo antibody-mediated immunopathologic

reactions of the CNS and PNS, with antiGalC antibodies have recently been reviewed by Lisak 1984.
Sera from animals with experimental allergic encephalomyelitis (EAE) induced .with CNS tissue or
myelin, usually contain antiGalC antibodies, and most of the in vitro effects of these sera can be i)
reproduced with antiGalC antibodies alone, and ii) be inhibited by adsorbtion with GalC. On the contrary,
there have not been convincing data showing a significant increase of antiGalC antibodies in sera from
patients with multiple sclerosis (MS), in comparison to sera from controls.

AntiGalC antibodies can cause demyelination in vitro, in CNS or PNS cultures, and in vivo after intra
neural injection in the optic nerve or the sciatic nerve. These demyelinating effects are complement
dependent. As GalC is a surface hapten of oligodendrocyte and myelin sheath, demyelinating power of
antiGalC antibodies was predictable. This observation taken together with the absence of antiGalC
antibodies in MS patients make the pathogenic implication of antiGalC antibodies, in MS, doubtfull.

It remains, nevertheless, that antiGalC antibodies can be a powerfull tool to study human demyelinating
diseases, for instance as a marker for oligodendrocytes. The presence of autoantibodies to
oligodendrocytes in sera or CSF from MS patients has been controversial for the past few years. Using
a double label approach with antiGalC antibodies and CSF from MS patients, on rat and human
oligodendrocytes in culture, we have been able to demonstrate that binding of MS-CSF immunoglobulins
occurs, in our cultures, on some cells (probably microglial cells) but not on oligodendrocytes defined as
GalC positive cells (Lubetzki et al. submitted).



270  MULTIPLE SCLEROSIS RESEARCH IN EUROPE
REFERENCES

BRANDT R., GUTH H. and MULLER R. Zur Frage der organspezifitat von lipoid antikorpen. Klin.
Wschr.(1926)5:655.

JOFFE S., RAPPORT MM. and GRAF L. Identification of an organ specific lipid hapten in brain. Nature
(1963)197:60.

NIEDIECK B. and PETTE E. immunochemische untersuchungen zur identifierung eines athanollslichen
myelinhaptens. Klin. Wschr. (1963)41:773.

DUPOUEY P., BILLECOCQ A. and LEFROIT M. Comparative study of the immunochemical properties of
galactosyldiglyceride and galactosylceramide included within natural membranes. Immunochemistry
(1976)13:289-294.

ZALC B., MONGE M., DUPOUEY P., HAUW JJ. and BAUMANN NA. Immunohistochemical localization of
galactosyl and sulfogalactosyl ceramide in the brain of the 30-day-old mouse. Brain Res.
(1981)211:341-354.

RANSCHT B., CLAPSHAW PA., PRICE J., NOBLE M. and SEIFERT W. The development of oligodendrocytes
and Schwann cells studied with a monoclonal antibody against galactocerebroside. PNAS
(1982)79:2709-2713.

SCHACHNER M. Cell type-specific surface antigens in the mammalian nervous system. J. Neurochem.
(1982)39:1-8.

ROSTAMI A, ECCELSTON PA., SILBERBERG DH., HIRAYAMA M., LISAK RP., PLEASURE DE. and PHILLIPS
SM. Generation and biological properties of a monoclonal antibody to galactocerebroside. Brain Res.
(1984)298:203-208.

MARCUS DM. Applications of immunological techniques to the study of glycosphingolipids. In: Glycolipids
methodology. LA. Witting,Ed., Am.Oil Chem. Soc., Champaign 111.(1976) 233-245.

LAINE RA., YOGEESWARAN G. and HAKOMORI Sl. Glycosphingolipids covalently linked to agarose gel or
glass beads. J. Biol. Chem. (1974)249:4460-4466.

KUNDU SK. and ROY SK. Aminopropyl silicagel as a solid support for preparation of glycolipid
immunoadsorbent and purification of antibodies. J. Lip. Res. (1979)20:825-833.

UCHIDA T. and NAGAI Y. Affinity chromatographic purification of anti-glycolipid antibodies and their
application to the membrane studies. J. Biochem. (1980)87:1829-1841.

ALVING CR. and RICHARDS RL. Immune reactivities of antibodies against glycolipids -I.
Immunochemistry (1977)14:373-381.

COULON-MORELEC MJ. Purification des anticorps anti-hapténe lipidique. Ann. Inst. Pasteur(ParisX 1972)
123:620-640.

RAPPORT MM. and GRAF L. Immunochemical reactions of lipids, Prog. Allergy (1969)13:273-331.
ALVING CR., FOWBLE JW. and JOSEPH KC. Comparative properties of four galactosyl lipids as antigens
in liposomes. Immunochemistry (1974)11:475-481.

MAGNANI JL., SMITH DF. and GINSBURG V Detection of gangliosides that bind cholera toxin: direct
binding of 125} )abeled toxin to thin-layer chromatograms. Anal. Biochem. (1980) 109:399-402.

ZALC B., MONGE M., LACHAPELLE F. and BAUMANN NA. Galactosylceramide and sulfogalactosyiceramide
as central nervous system markers. In: XXXth colloquium on protides of the biological fluids
(1983):123-126.

ZALC B., COLLET A., MONGE M., OLLIER-HARTMANN MP., JACQUE C., HARTMANN L. and BAUMANN NA.
Tamm-Horsfall protein, a kidney marker is expressed on brain sulfogalactosylceramide positive
astroglial structures. Brain Res. (1984) 291:182-187.

RAFF MC., MIRSKY R., FIELDS K., LISAK RP., DORFMAN S., SILBERBERG DH., GREGSON NA., LEIBOWITZ
S. and KENNEDY MC. Galactocerebroside is a specific cell surface antigenic marker for oligodendrocytes
in culture. Nature (1978) 274:813-816.

DUPOUEY P., ZALC B., LEFROIT-JOLY M. and GOMES D. Localization of galactosyiceramide and sulfatide
at the surface of myelin sheath. Cell. Mol. Biol. (1979) 11:269-272.

ABNEY ER., BARTLETT PP. and RAFF MC. Astrocytes, ependymal cells and oligodendrocytes develop on
schedule in dissociated cell cultures of embryonic rat brain. Develop. Biol. (1981) 83:301-310.

LISAK RP. Antibodies to galactocerebroside: probes for the study of antibody-determined neurologic
damage. In: Neuroimmunology, Behan P. and Spreafico F. eds. Raven press, New York (1984) 167-177.



37

Immune Complexes and Complement in
Multiple Sclerosis

H. JANS

INTRODUCTION

Immune complexes (IC) have been demonstrated in both serum
(Tachovsky et al., 1977) and cerebrospinal fluid (CSF) (Glickmann et al.,
1980) from patients with multiple sclerosis (MS). Weak but promising
relations between clinical progression, the occurrence of circulating
immune complexes (CIC) (Patzold et al., 1980) and fluctuations in the
levels of complement factors C4, C3A and C3 (Jans et al., 1982) have
been observed. Furthermore, hypocomplementaemia with low levels of
C2, C3 and C3B (Trouillas & Betuel, 1977, Jans et. al. 1979), low levels of
C4 and C9 in CSF (Jans et al., 1984; Morgan et al., 1984) and alterations in
phenotypes of C4, C3 and C3B (Jans & Seerensen, 1980, Fauchet et al.,
1984) have been reported.

This variety of features in MS indicates a great heterogeneity in the

group of patients. Therefore, the aim of this presentation is an attempt

to interpret possible relations between the different observations and

the clinical appearance of MS.

MATERIAL AND METHODS

In 4 different series, 144 patients with clinically definite MS according
to Schumacker et al.,(1965) and with signs of progression were investi-
gated as follows:
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1. 53 patients were investigated for IC, total hemolytic activity of com-
plement (THC), complement factors Clq, C4, C3, C5, C9 and activation
products (AP) of C4 and C3 in serum, (Jans et al., 1979).

2. 60 patients were investigated for IC, C3 and C3-phenotypes (C3FF,
C3FS, C3SS) in serum, (Jans & Sgrensen, 1980).

3. 21 patients were investigated monthly in a longitudinal study of serum
samples collected during one year for IC, THC, Cl-inactivator (INA), C4,
C3, C3A, C5, C9, C4 and C3AP and correlated to concomitant values of
total neurological deficit (TND) (Fog & Raun, 1976), (Jans et al., 1982).

4. 31 patients were investigated for IC, C4, C3, C4 and C3AP in serum
and CSF, (Jans et al., 1984).

All laboratory methods have been described in detail in the references
mentioned above. As a supplementary clinical parameter, the patients
were typed according to the main site of their neurological lesion (cere-
bral, cerebellar, brainstem, pyramidal, spinal, disseminated)(Fog, T.,

personal communication).

RESULTS

CIC occurred in 81 (56%) of the 144 patients with concomitant appearance
of C4 and C3 AP in 71 (p<0, 01),

Low levels of C3 was found in 48 (33%) of the 144 patients, with a con-
comitant absence of CIC in 43 (p<0,001).

CSF -IC were found in 9 (29%) of 31 patients and with a strong correlation
to a low level of CSF C4 (p 0, 01).

The distribution of CIC positive individuals in the various topographical
groups of lesions is shown in Table 1.

The longitudinal study demonstrated as follows (Fig 1): A. Negative
regression of TND on C4 (p = 0,03) and on C3A (p = 0, 04) from one month
previously. B. A concomitant negative regression of TND on C3 (p = 0, 01).

C. A positive regression of CIC one month subsequently on TND (p= 0, 02).
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D. A predominance of rapidly progressing cases among patients with high
prevalences of CIC (p = 0, 05, one tailed).

C3-phenotyping disclosed gene frequencies of C3F = 0,275 (controls =
0,172), of C3S = 0,725 (controls = 0,825), p 0,05 . The relative risk
incidence (RRI) of the disease (Woolf, 1955) was 1,89 for the C3D positive
individuals. In the group of MS patients with CIC, the RRI was 4,1 for

C3F positive individuals.

TABLE I. The distribution of 144 patients with multiple sclercsis in qroups
according to the topoqgraphy of their neurological lesions, and with respect
to the occurrence of circulating immune complexes (CIC) and immune complexes

in CSF (CSF-1k).

No CIC CSF-ik

Cerebral 6 2 0/0
Cerebellar 30 25 5/11
Brain-Stem 9 7 (V3]
Pyramidal 21 16 0/3

Spinal 51 18 2/10
Disseminated 27 13 2/6

Total 144 81 (56%) 9/31 (29%)

v

months

Fig 1. Covariation between the quantitative levels of the complement factors C4, C3-
activator (C3-A), C3, the total neurological deficit (TND) and the level of immune
complexes (CIC) detected by means of the complement consumption test (CCT).
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CONCLUSIONS

CIC and complement alternations seems to be a persistent feature in MS
and they might to a certain extent act as disease activity makers.

There seems to be a tendency of an increased prevalence of CIC in
patients with lesions in the cerebellar, the brainstem and in the pyra-
midal area; and generally in cases with a high rate of progression. How-
ever, the CIC seems to occur in the course of an increase in TND and
thereby indicating the IC to be the product rather than the cause of the
neurological lesions. Phenotyping of C3 disclosed increased frequencies
of the C3F gene. The relative risk incidence of the disease in the group of
MS patients with CIC was shown to be four times higher for C3F positive
individuals when compared to a control group. Previously, the low levels
of C3 have been suggested to be associated with HLA -specificities
(Trouillas & Betuel, 1977). If so the corresponding absence of CIC could
be due to compromised resolubilisations of TC because of a real C3-

deficit. Therefore, it is most probable that several genetically deter-

mined immunological abnormalities coules predispose to MS.
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Myelin Basic Protein Like Reactivity in
Normal Serum

T. A. OUT, P. C. DRIEDIJK and ]. BAAS

INTRODUCTION

The determination of myelin basic protein in cerebrospinal fluid
(CSF) can be used for the detection of demyelination. Thus acute
exacerbations of the disease Multiple Sclerosis, and damage of myelin
upon cerebrovascular accidents can be assessed (Cohen et al., 1980,
Whitaker, 1977) When the determination of MBP is applied to sera, only
extremely severe demyelination can be discriminated from the normal state
(Palfreyman et al., 1978). On the other hand Paterson et al., 1981, by
applying their dual dilution RIA, showed the occurence of MBP serum
factors. The nature and the concentrations of these MBP serum factors
were related to the activity of the diseases Multiple Sclerosis and
Acute Disseminated Encephalomyelitis. In our study on the determination

of MBP in CSF (Nagelkerken et al.,1983) we showed that the amount of MBP
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in CSF as determined by a competitive radioimmunoassay corresponded to
that determined by a two-site immunoradiometric assay.In this study the
results of the determination of MBP in sera by our radioimmunoassays are
reported.

RESULTS

The preparation of MBP and of fragments of MBP.

The purification of myelin basic protein(MBP) was performed as
follows. A pH 3 extract from the white matter of human brain tissue was
prepared according to Deibler et al.,1972. The extract was freeze-dried
and MBP was purified by ion exchange chromatography at 4°C with the use
of CM52-cellulose (Deibler et al.,1973). Fractions were pooled as
indicated in Fig. 1.

The pools were desalted,
freeze-dried and redissolved
in 10 mM HC1l. MBP was further
purified by gelpermeation
chromatography at 4°C with
the use of Sepharose G 150 or
ACA 44, and 10 mM HC1 as
elution buffer. In the latter
Fig. 1. CM-cellulose chromatography case it was found that intact
of the pH3 extract. MBP was retarded by the column
material resulting in the
elution of small fragments of MBP and other contaminants in front of
intact MBP. The SDS-PAGE analysis of the material before and after gel-

filtration is shown in Fig.2. The material before

oy - gelfitration (pool C from Fig. 1) and the
““ fractions after gelfiltrationare shown in lane 11
w_at_ 4 and in lanes 12 and 13, respectively. MBP and
o smaller proteins (lane 12) eluted at 115 to 130
' ml. Material that shows a homogeneous band of

about 20kD (lane 13) eluted at 131 to 160 ml. It

should be noted that the bed volume of the column

was only 90 ml. From these results we conclude

that MBP can be purified from the white matter
101 12 13 14

of human brain to a state that shows a single

Fig. 2. band in SDS-PAGE analysis.
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For the preparation of fragments, MBP was

degraded by pepsin at pH 3.5 following the
procedure of Whitaker, 1977. The degraded
material was separated into different fragments
(Whitaker, 1977). In Fig. 3 the electrophoretic
analysis (Benuck et al., 1975) of the fragments
is shown. The preparation in lane 3 contains the
peptides with aminoacids 39 to 88, and probably
43 to 88, according to the results of the
aminoacid analysis (not shown). The preparation
shown in lane 4 possibly contains the peptide
with aminoacids 1 to 36. No other peptides were
obtained by this procedure.

The determination of MBP in cerebrospinal fluid

and serum.

The procedure that we use for the

determination of MBP in the cerebrospinal fluid

Fig. 3. (CSF) is described earlier (Nagelkerken et al.,

Electrophoretic

analysis of MBP

1983). By that assay the amount of MBP that is

demonstrated in CSF is in general below 0.11

fragments ng/100 ul of CSF, when CSF's of patients not

having neurologic diseases are studied.

Table 1 The determination of MBP in

paired serum and CFS samples.

CSF MBP - MBP +
serum
MBP - 7 4
MBP + 4 18

Fisher exact test: p < 0.03

Sera from normal healthy persons
caused 0% to 50% inhibition in
the assay, corresponding to 0 to
0.4 ng MBP like material per

100 ul of serum. The nature of
the immunoreactive material in
sera is however not clear and we
cannot exclude that non specific
inhibitory effects by serum play

a role. To analyse this

reactivity in serum we determined MBP in paired serum and CSF samples,

the results of which are shown in Table I. MBP in CSF was measured by the

competitive RIA described earlier (Nagelkerken et al.,1983). For the

determination of MBP in serum we applied a RIA in which immunoaffinity

purified antibodies reactive with peptide(s) 37-88(43-88) were used
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together with labelled intact MBP. Although there was a significant
association between the occurence of positive MBP scores for CSF with
those for serum it can be seen from Table I that several individual cases
did not correspond.Among these high CSF MBP values concurred with
negative MBP values in the paired serum sample and vice versa. These
results made us conclude that the determination of MBP in serum is
complicated by unknown interfering factors.

To investigate whether
particular serum proteins inter-
fere with the determination of
MBP in serum we separated sera
from normal persons into fractions
by gelpermeation chromatography
and measured the effect of the
different fractions in the RIA of
MBP. In Fig. 4 the results of such
analysis is shown. It can be seen
that considerable to complete Fig. 4.
inhibition of the binding of
labelled MBP to the anti-MBP is caused by a large number of fractioms.
Before gelfiltration of the serum under investigation only a minor
inhibitory effect of the serum in the RIA was observed.

Besides the effect shown in Fig. 4 for the RIA of intact MBP similar

's of

inhibitory effects of the serum fractions were observed in RIA
peptides of MBP. (RIA of peptide(s) 37-88(43-88) and RIA of the second
peptide in Fig.3).The MBP reactive material in the various fractions was
calculated from the response in the RIA of intact MBP, assumming that
intact MBP was measured, and amounted to about 5 pg/ml of serum.

The pattern of inhibition as it is distributed over the fractions
shown in Fig. 4 was found to depend on the following variables: invidual

serum, pretreatment of the serum at various temperatures, nature of the

column material, and type of RIA.
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CONCLUSIONS

1)It is possible to obtain a preparation of MBP from human brain
tissue that shows a single band in SDS-PAGE analysis.

2)The determination of MBP in sera is complicated by unknown factors.

3)MBP like reactivity, as measured by different types of RIA, is
present in normal serum. This reactivity is masked, but unmasking can be
obtained by gelpermeation chromatography.
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Blood-Brain Barrier in Experimental Allergic
Encephalomyelitis and Multiple Sclerosis.
A Minireview

J. J. HAUW and ]J. M. LEFAUCONNIER

Increasing evidence of damage to the Blood-Brain Barrier (BBB) in
Multiple Sclerosis (MS) has been reported. However, little is known of the
significance of this damage. Is it relevant to the pathogenesis of the
disease ? Or is it, on the contrary, a secondary phenomenon ?

The Blood-Brain-Cerebrospinal Fluid System

There are several sites of exchange between blood and the various
compartments of the central nervous system. At the interface between blood

and the extracellular space (ECS), the vascular endothelium is characteri-

zed by : 1) "very tight" junctions ; 2) absence of pores ; 3) low vesicular
transfer and pinocytosis ; 4) numerous endothelial mitochondria ; and 5)
close contact with astrocytic foot processes. There is 1) nearly total ex-
clusion of solutes of high molecular weight ; 2) necessity of a transcellu-
lar route for solutes of small molecular weight ; 3) a cellular polarity
with asymmetry in the respective roles of the luminal and abluminal membra-
nes, most active transport taking place in the brain to blood direction.
Differences in the endothelial permeability of various parts of the vascu-
lar tree have been demonstrated. Arterioles and venules are more permeable
than capillaries. For example, it has been shown that exogenous myelin basic
protein injected into the CSF was found on the luminal surface of endothe-
lial cells of the cerebral and meningeal veins (Vass et al., 1984). The

main surface between blood and cerebrospinal fluid (CSF) is the choroid ple-

xus, where CSF is secreted. In this structure, capillaries are permeable for

283



284  MULTIPLE SCLEROSIS RESEARCH IN EUROPE

most tracers. In contrast, solute transport is restricted by tight inter-
cellular junctions. These are, however, more permeable than those of endothe-
lial cells of brain vessels. A second interface is situated at the arachnoid
villi. It allows only a CSF to blood flow. The interface between CSF and
ECS (pia mater, subpial astrocytes and ependymal cells) is devoid of a
patent barrier.

Water exchange between plasma and brain is similar to that which occurs

across lipid bilayers and most epithelia. The permeability to water of the
choroid plexus is higher than that of brain capillaries. CSF and ECS elec~
trolytes composition is strictly regulated, due to the low ionic permeabi-
lity of brain vessels and to the Na*t-k* dependant ATPase of the abluminal
membrane of capillaries and of the apical membrane of the choroid plexus
epithelium. Blood-Brain transport of non-electrolytic substances of low mo-—
lecular weight occurs either by diffusion through the membrane lipids (1li-
pophilic molecules) or by means of a protein carrier system (some hydro-
philic molecules like most metabolic substrates).

Pathology of the BBB

Non selective increase in the permeability of the BBB is most often
accompanied by the generation of cytoplasmic vesicles or of transendothe-
lial channels, less often by an obvious opening of intercellular junctionms.
Whatever the significance of these lesions, there is anincrease in CSF con-
centration of those solutes normally deficient relative to blood plasma,
and a decrease of those usually in excess. Brain tissue is the site of va-
sogenic edema. Large injury may lead to necrosis of endothelial cells, with
extravasation of erythrocytes. Once the opening of the barrier to protein
has occured, the latter may be taken up by astrocytes. Whether primary ab-
normalities of astrocytes may induce changes in the permeability of the
barrier remainshypothetical.

Increased permeability of the BBB has been described in various infla-
mmatory disorders of the meninges and of the brain, Meningites - and parti-
cularly subacute or chronic ones-mediate severe barrier breakdown. In non-
cerebral tissues, the increased permeability associated with inflammation
is known to be related to histamine and other vaso-active compounds. Hista-
mine administered in the carotid circulation increases the number of vesi-
cles in endothelial cells and the permeability to sucrose and aminoisobu-
tyric acid (Dux and Jod, 1982, Gross et al., 1982). In addition, the injec-

tion of large doses of serotonin, noradrenalin or cyclic AMP through the
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cerebral ventricules has induced enhanced vesicular transport across arte-
rioles and venules,

Experimental Allergic Encephalomyelitis (EAE)

In acute forms, the electron dense horseradish peroxydase escaped from
capillaries into the ECS, Transfer vesicles were numerous. Free passage
though interendothelial junctions was not seen (Hirano et al., 1970). Cli-
nical symptoms, increased amounts of ]AC—mannitol and lymphocytic infiltra-
tion occured at the same time (Oldendorf, 1979). However, increase in BBB
permeability to ions was seen in spinal cord one day before the onset of
clinical symptoms and 2 days before that of perivascular cuffs (Juhler et
al,, 1984). In chronic relapsing EAE of the juvenile Hartley guinea-pig,
BBB damage was localized in demyelinated plaques and in blood vessels with
vasculitis, It was massive in active lesions, and minimal or absent in in-
active ones, Elevated CSF albumin was a reliable indicator for BBB damage
if the changes were located near the inner or outer surface of the CNS, On
the contrary, focal and deep BBB damage may not be accompanied by detecta-
ble CSF protein changes (Kitz et al., 1984).

Multiple Sclerosis (MS)

Since the early descriptions, the presence of vascular changes has
been debated, as the plaque seems to follow one or two veins during their
course through the white matter. Most authors agree today that there are
few significant changes in vessels. However, some hyaline changes in old
plaques (Jellinger, 1969) or in normal appearing white matter (Allen, 1984)
have been described. Morphometric studies of acute or subacute plaques did
not show abnormalities of junctions but pinocytic vesicles were markedly
increased (Brown, 1978),

Several studies demonstrate increased permeability of the BBB in the
MS plaque. 1) Post-mortem perfusion with trypan blue stained the plaque
(Broman, 1947). 2) Immunohistochemical visualisation of albumin in plaques
has been reported (Lumsden, 1971). 3) The study of albumin concentration in
the CSF had initially shown only a small percentage (20 - 30 %) of patients
with moderate BBB damage (Tourtelotte et al., 1984), more marked in long
duration disease (Schuller et al., 1973). Recent studies have shown that
increased permeability of the BBB was constant when Haptoglobin polymers
were detected in CSF (Takeoka et al,, 1983). 4) Reports on CT scan studies

in MS have shown an enhancement by contrast media of some low-density or
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isodense lesions. Such enhancement presumably resulted from BBB disturban-
ces in active demyelination : the contrast-enhancing vasoactive lesion was
a transient phenomenon that closely correlated with clinical exacerbation
(Sears et al., 1981). Ebers et al. (1984) have shown that, in 125 MS pa-
tients, one or more enhancing lesions were found in 53 7% of cases with acu-
te exacerbation, in 41 7 of active cases and in 13 7 of inactive cases.
High volume delayed scanning revealed enhancing lesions even more frequen-—
tly (in 63, 50 and 13 % of cases, respectively). However, precise correla-
tions between the type (demyelinating, acute..) and evolution of plaques

and the disturbances of the BBB are lacking. Magnetic Resonance Imaging

(MRI) studies will bring new data on BBB disturbances in MS (Johnson et
al., 1984, Tourtelotte et al., 1984).
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The Possible Role of Viral Infections in
Multiple Sclerosis

V. TER MEULEN

The possibility that a virus infection may be the etiological basis
for multiple sclerosis (MS) has mainly been derived from epidemiological
studies as well as from the analysis of virus-specific immune responses in
patients with the disease (ter Meulen and Stephenson, 1983). The epidemio-
logical data are based on age-specific onset curves, geographic distri-
bution of the disease, studies on migration and familiar clustering of MS
cases. These data suggest that an infectious agent to which an MS patient
is exposed to at or shortly after puperty could be responsible for this
disease. The determination of viral antibodies in MS patients in compari-
son to those of a control population have proven that the majority of MS
patients do reveal a statistically significant increase in viral antibody
titers in serum and CSF material against a variety of viral agents such as
measles, mumps, parainfluenza III, influenza C, herpes simplex, varizella
zoster or rubella virus. These viral antibodies are often locally produced
in CNS tissue by invading lymphocytes. Yet, all attempts to isolate or
identify a particular virus as the causative agent have failed and the
various virus isolates derived from MS material could not be unequivocally
associated with the disease. Despite these failures to find a viral agent
for multiple sclerosis, the available immunological and virological cir-
cumstantial evidence supports the hypothesis of an association between MS
and a viral infection. Moreover, investigations of other human and animal
CNS diseases have shown that viruses can induce demyelination, do persist
over years in CNS tissue and may cause a chronic disease process different
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from the well known viral induced acute infection (ter Meulen and Hall,
1978). Especially the slow virus diseases associated with conventional
viruses have shown that a progressing CNS disease even with relapsis can
develop after an incubation period of many years. It is therefore not
surprising that these observations have been frequently cited in support
of a possible viral etiology in MS.

In recent years, virological studies on a number of demyelinating
diseases in animals associated with the virus infection have yielded in-
teresting data which could be of importance for MS research (Dal Canto and
Rabinovitz, 1982). Especially the murine coronavirus JHM infection in rats
has demonstrated a new mechanism of virus induced demyelination (Wege et
al., 1983). Inoculation of weanling rats with ts mutants of JHM virus
causes a subacute demyelinating (SDE) disease after an incubation period
of several weeks. The disease is clinically characterized by moderate
hindleg weakness with ataxic gait which increases to a hindleg paralysis.
In such a state no voluntary movement of the hind 1imbs is possible and
approximately 60-70 % of the diseased animals die within a few days after
onset of disease, whereas the surviving animals recover completely or have
a stabilized disability. The most prominent histological finding consists
of distinct demyelinating plaques located in the white matter primarily of
the optic nerve, midbrain, pons, cerebellum and spinal cord (Koga et al.,
1984). Within the demyelinating plaques, axons are well preserved. In
addition, cell infiltrations and perivascular cuffings are observed, con-
sisting of lymphocytes, plasma cells and macrophages. Infectious virus can
be isolated by conventional methods and viral antigens are easily detect-
able in glial cells in the neighbourhood of demyelinating plaques. Of
particular interest is the observation that the marked infiltrations of
lymphocytes in affected brain areas resemble to some extent the changes
seen in experimental allergic encephalopathy (EAE). This observation led
to immunological studies which have proven that lymphocytes of SDE animals
are sensitized against myelin basic protein (MBP) (Watanabe et al., 1983).
In in vitro assays, a proliferation response was obtained with purified MBP
and adoptive transfer experiments with restimulated lymphocytes led to
clinical and histological CNS changes in the recipient rats. These animals
showed clinical signs such as weight loss, abnormal sensitivity to touch or
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slight ataxic gait. Histologically, perivascular mononuclear cell infil-
trations were observed in the dorsal area of the spinal cord white matter,
in the pons and in the cerebellar white matter and thalamus. Since no JHM
virus could be detected in stimulated l1ymphocytes or in brain material of
recipient animals the possibility could be excluded that the transferred
lesions are the result of replicating JHM virus.

Another important aspect of this animal model is the observation that
some of the animals which survived and recovered from SDE, later came down
with a second attack of this disease 40 - 200 days after the first attack
(Wege et al., 1984). The clinical picture of the second attack was similar
to the first, except the course seemed to be more severe. Histopathological
studies showed fresh demyelinating lesions with infiltrations of mono-
nuclear cells primarily located in spinal cord and brain stem. In the same
animals, old lesions could be seen in the pons, thalamus, cerebellum or
spinal cord. The old lesions in the white matter revealed extended remyeli-
nation of the CNS and/or PNS type. Viral antigens could only be located in
the neighbourhood of fresh lesions but attempts to reisolate infected JHM
virus were in the majority of cases unsuccessful indicating a defect of
viral replication.

These animal experiments demonstrate that in the course of a viral
infection an inflammatory demyelinating relapsing CNS disease can develop
in association with an immune response against myelin basic protein. This
observation poses the question how a viral infection can trigger an auto-
immune response, either humoral or cellular, toward neuroantigens. There
is a number of possibilities which are currently discussed. First, the
virus infection could induce changes in the target cell membrane or lead to
a release of sequestered antigens which would appear as foreign to the
immune system. Second, the virus could directly activate a subpopulation
of lymphocytes resulting in the development of cell clones which recognize
host antigens and/or synthesize autoantibodies. Third, it is conceivable
that structural proteins of viruses possess antigenic similarities with a
host cell protein or 1ipid, referred to as "molecular mimicry". An immune
response to the virus infection would automatically trigger an autoimmune
response. Fourth, anti-idiotypic antibodies are formed which recognize a
common determinant or structural configuration shared by both a host cell
membrane antigen and the antiviral antibody.
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So far, none of the suggested different mechanisms have been proven to
lead to autoimmunity but evidence is mounting which would suggest that
virus induced autoimmunity is not an epiphenomenon, but could play a patho-
genetic role in certain diseases. The observation made with coronavirus
infection in rats demonstrates for the first time that an infection of CNS
cells triggers an autoimmune response to brain antigens. Whether similar
events take place in multiple sclerosis is unknown but conceivable. Ob-
viously, many virological and immunological aspects have to be studied
before the complexity of a virus-host relationship in demyelinating dis-
eases can be interpreted.
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Multiple Sclerosis Cooperative Etiological Study
in Italy

C. FIESCHI

INTRODUCTION

A cooperative nation wide etiological study on multiple sclerosis (MS)
was started in December 1983 in Italy, promoted by the Neuroepidemiology
Section of the Italian Neurology Society. The specific aim for this study
is to verify the existence of a different risk of disease among migrants
with respect to non-migrants and to look to this eventually found diffe-
rent risk in terms of causality (ethnical origin, multiple moves). Italy
has been considered a "medium" risk area and higher prevalence rate have
been reported in Northern Italy than in Southern Italy. New studies
(Dean et al., 1979; Granieri et al., 1982) have shown high rates in
Southern Italy this putting in doubt the previous reported pattern of MS
distribution in Italy. In our country there was a large migratory flow
from Southern to Northern Italy in the fifties and sixties years. For
this reason it is now possible for us to explore the effect that migration
and the age at which migration occurred, has on MS risk. Under the hypo-
thesis of a protective effect of migration from Southern to Northern Italy
we will explore successively the influence of ethnic and environmental
factors. Secondly the possible association of MS with some infectious
viral diseases hypothesized, in the literature, to be cause(s) of MS
(measles, herpes virus 1 and 2, mononucleosis) (Alter, 1976; Martin, 1981;
Warner, 1981) is investigated. Thirdly the association with some other
variables possibly related to the disease (alcohol consumption, occupa-
tional exposure to neurotoxic agents, tonsillectomy) is explored.
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MATERIAL AND METHODS

A case-control design was chosen. Cases are diagnosed according to
McDonald's criteria, revised by our clinical committee. A1l the hospita-
Tized MS patients, newly diagnosed from 1 December 1983, 1iving in 19
Italian provinces are interviewed. A1l the cases are included regardless
the Tevel of diagnosis certainty (definite, probable, possible and sus-
pected MS). A1l the included cases are followed-up at least every six
months. A11 the included cases perform Tumbar puncture and cerebral CT-
scan or myelography, according to their clinical signs and symptoms, in
order to exclude neurological diseases other than MS.

Two sets of controls are recruited, neurological controls from the same
hospital, neurological departments as the cases, non neurological controls
from other specialistics and non specialistic departments of the same
hospitals as the cases. Controls are randomly selected among patients
suffering from diseases lasting no Tonger than 5 years. No matching is
performed, controls are recruited with an estimated case/control ratio of
3 and with an age and sex distribution based on the expected number and
age and sex distribution of the cases. These estimates have been evaluated
for every participating centre during a previous feasibility study.

Exposure variables are anamnestically investigated through question-
naire by skilled interviewers. The interview is performed, whenever pos-
sible, in the presence of the patient's mother. relative risks estimate
and statistical significance is evaluated by the Mantel-Haenszel method
for stratified data. Data are stratified for age (5 strata), sex and
residence when appropriate (3 strata).

RESULTS

Present analysis is limited to migration, ethnic origin and multiple
moves. The data refer to 400 consecutive patients, 86 cases, 183 neuro-
Togical and 131 non-neurological controls, recruited during the first 6
months of the study.

At present 1069 patients are included in the interview study, 243
cases, 438 neurological and 388 non-neurological controls. None of the
relative risk estimates that will be presented, is statistically signifi-
cant.
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In table 1 the age and sex distribution of the 400 cases and controls
included in the analysis is shown. The case distribution in the 4 diagnos-
tic categories shows that of the 86 cases interviewed only 31 (36%) are
definite MS (table 2).

TABLE 1 Case and control, age and sex distributions among 400 (out of
743) consecutive patients recruited during the first 6 months
of the study.

Age <20 21-30 31-40  41-50 50+  Total

Cases d s 13 7 8 2 86
Q 3 20 13 7 8

Neurol. d 14 12 14 31 31 183

Ctrls Q@ 5 14 11 27 24

Non neurol. d 21 19 8 20 10 131

Ctrls. Q 10 6 12 12 13

TABLE 2 Case classification

Definite Probable Possible Suspected n.s.

No 31 19 8 20
% 36.0 22.1 9.3 23.0 9.3

*not specified

Looking at migration (table 3) we can see that the Odds Ratio (0.R.s)
for migrants from Southern Italy are less than 1 for both sets of controls
and that they are further reduced when restricting the analysis to defi-
nite MS cases.
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TABLE 3  Migration from Southern Italy.
Residents in Northern Italy with 4 grandparents born in
Southern Italy.

Neurological controls

Non-migrants Migrants
Observed cases (%) 5 (31.3) 11 (68.7)
Observed ctrls (%) 3(7.5) 37 (92.5)
0DDS ratio 1 0.3
Non-neurological controls

Non-migrants Migrants
Observed cases (%) 5 (31.3) 11 (68.7)
Observed ctrls (%) 8 (29.6) 16 (71.4)
0DDS ratio 0.3

For ethnic origin, which was analysed as birth places of grandparents

we observe a pattern of the 0.R.s similar to the one observed for migra-
tion (table 4). A reduced risk of disease among subjects with 4 grand-
parents born in Southern Italy was found when compared to subjects with

TABLE 4  Grandparents birthplace.
Residents in Northern Italy.

Neurological controls

4 Grandparents 4 Grandparents Any other
born in Northern born in Southern combina-
Italy Italy tion of
birth-
places
Observed cases (%) 37 (58 16 (25.4) 10 (15.9)
Observed ctr]s+(%) 77 (56.2 39 (28 21 (15.3)
0DDS ratio* 1 0.6 0.7
Observed def. cases (%) 15 (60) 6 (24) 4 (16)
0DDS ratio® 1 0.5 0.6

*age and sex adjusted
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Non-neurological controls

4 Grandparents 4 Grandparents any other
born in Northern born in Southern  combina-
Italy Italy tion of
birth-
places
Observed cases (%) 37 (58.7) 16 (25.4) 10 (15.9)
Observed ctr1s++(%) 46 (54.1) 26 (30.6) 13 (15.2)
0DDS ratio* 1 0.6 1.1
Observed def. cases (%) 15 (60) 6 (24) 4 (16)
0DDS ratio* 1 0.5 1

*age and sex adjusted

+for 11 and ++5 controls it was not possible to assess the birthplace of
grandparents.

4 grandparents born in Northern Italy. But as migration from Southern
Italy is associated itself with having 4 grandparents born in Southern
Italy this last result could be due again to migration. Therefore we
restricted the analysis of migration to subjects with 4 grandparents born
in Southern Italy. This analysis correspond to a comparison of the risks
of disease between the first and the second generation of migrants. Again
migration is negatively associated with the disease (table 5).

TABLE 5 Migration.
Residents in Northern Italy.

Neurological controls

Migrants from Migrants from
Non-migrants  Central Italy Southern Italy

Observed cases (%) 45 (71.4) 5 (7.9) 13 (20.6)
Observed ctrls 96 (64.9) 12 (8.1) 40 (27.8)
0DDS ratio® 1 1.4 0.6
Observed def. cases (%) 18 (72) 2 (8) 5 (20)
0DDS ratio 1 - 0.5

*age and sex adjusted
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Non-neurological controls

Migrants from Migrants from
Non-migrants  Central Italy Southern Italy

Observed cases (%) 45 (71.4) 5 (7.9) 13 (20.6)
Observed ctrls (%) 64 (71.1) 2 (2.3) 24 (26.6)
0DDS ratio* 1 3.3 0.5%
Observed def. cases (%) 18 (72) 2 (8) 5 (20)
0DDS ratio” 1 - 0.3%%

*age and sex adjusted xp = 0.13; xxp = 0.18

For the age of migration (table 6) surprisingly we have not found any
difference between the risk of subjects who migrated before and after the
age of 15 in the comparison with both control groups. Wischer and Detels
(1981) found among migrants affected by MS a higher prevalence of multiple
moves than among controls. They concluded that multiple moves could both
explain the high risk of their migrants and/or multiple moves could
belong to a different causal chain than the one of migration. Following
this last suggestion, although our migrants are at a lower risk than non
migrants, we nevertheless analyzed multiple moves as an independent

TABLE 6 Age of migration from Southern Italy.
Residents in Northern Italy.

Neurological controls

No migration Before 15 years After 15 years

Observed cases (%) 45 (71.4) 7 (11.1) 6 (9.5)
Observed ctrls (%) 96 (64.9) 11 ( 7.4) 29 (19.7)
0DDS ratio 1 0.6 0.6

Non-neurological controls

No migration Before 15 years After 15 years

Observed cases (%) 45 (71.4) 7 (11.1) 6 (9.5)
Observed ctrls (%) 64 (72.7) 10 (11.1) 14 (15.6)
0DDS ratio 1 0.6 0.6
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variable from migration (table 7). These preliminary data do not seem to

reproduce in a consistent way the association found by Wischer and Detels
but this could represent the result of some confounding effect due to the
fact that migration is positively associated with multiple moves.

TABLE 7 Multiple moves.

Neurological controls

0-1 moves 2-4 moves 5 or more moves
Observed cases (%) 56 (65.1) 22 (25.6) 8 (9.3)
Observed ctrls (%) 108 (59.0) 57 (31.2) 18 (9.8)
0DDS ratio 1 1.2 1.1

Non-neurological controls

0-1 moves 2-4 moves 5 or more moves
Observed cases (%) 56 (65.1) 22 (25.4) 8 (9.3)
Observed ctrls (%) 92 (70.2) 29 (22.1) 10 (7.6)
0DDS ratio 1 1.2 1.4

Move = residence change, lasting longer than 6 months, outside previous
municipality.

CONCLUSIONS

Our results on migration have to be discussed in view of a possible
healthy migrant effect. This bias seems unlikely at least for three
reasons. (1) The controls and not only the cases are affected by a
disease. (2) None but 2 of the controls migrated at an age in which the
disease was present in the age and sex corresponding cases. (3) The nega-
tive association is stronger for definite MS as one would expect for any
real association.

The results on migration is in agreement with the prevalence studies
that have shown a decreasing with latitude risk of disease. As migration
is negatively associated with MS also among subjects with the same ethnic
origin our data suggest stronger environmental than genetic determinants
of the disease. Finally more data are required to analyse multiple moves
adjusting for migration.
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A Multicenter Study of the Incidence of
Multiple Sclerosis in Italy. Design of the Study

G. COMI

INTRODUCTION

Although the etiology of multiple sclerosis (MS) is still obscure,
epidemiological studies have shown a geographical distribution correla-
ted to latitude, with three zones of high, medium and Tow frequency
(Kurtzke, 1980). Italy, extending from 37° to 46° North latitude, lies
Jjust below the borderline between the first two zones. The results of
about 30 prevalence studies carried out in Italy between 1962-1980, using
large population groups (Table 1) (Rossi 1980; Marforio et al., 1980;
Mamoli et al., 1980; Caputo g}_gl:, 1979; Borri EE_El-’ 19765 Nardi, 1979;
Tavolato et al., 1974; Rosati et al., 1981; Macchi et al., 1962; Paci et
al., 1980; Megna et al., 1980; Palma et al., 1981; Rosati et al., 1977;
Bramanti et al., 1978; Savettieri et al., 1978; Reggio et al., 1979)
indicate ratios from 7.2 to 27.1/100.000 (Granieri and Rosati, 1982).
These figures classify Italy as a medium risk area fro MS. However, more
recent studies with smaller population groups (Table 2) (Rossi et al.,
1980; Granieri et al., 1982: Savettieri et al., 1981; Dean et al., 1979)
have reported prevalence figures from 30.2 to 65.3/100.000. These results
shift Italy into an area with high frequency of MS. The difference be-
tween these prevalence figures may be partially explained by more com-
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plete case ascertainment in smaller populations (Kurland et al., 1965),
but there are other possible causes. Particular methodological and local
regional problems could influence the results. Accessibility and quality
of the sources for case collection, medical records, collaboration of
practitioners, level of socio-sanitary organization are very different
from region to region. The surveys employ different criteria for inclu-
sion, classification of MS cases and modalities of case collection. Thus
the epidemiological data presently available do not enable us to compare
the frequencies of MS in different areas of Italy.

In addition to latitude, other exogenous factors may play important
roles in the etiopathogenesis of MS, as seen from the regional and tem-
poral clustering of cases (Alperovitch and Bouvier, 1982; Wikstrom and
Palo, 1975; Kurtzke et al., 1982, Kurtzke and Hyllested, 1979) and the
migration between areas at different risk (Dean and Kurtzke, 1971; Alter
et al., 1966). Finally, there are some factors whose influence on MS is
controversial: socio-economic (Kurtzke et al., 1979, Beebe et al., 1967),
urban-rural (Millar, 1971), exposure to toxic agents at work (Amaducci et
al., 1982). The Section of Neuroepidemiology of the Italian Society of
Neurology organized a Multicenter Study of the Incidence of Multiple
Sclerosis in Italy in January 1982. The organization phase was finished
in June 1983; in September of the same year the operation phase started,
and this will be completed in June 1985.

The aims of the study are to evaluate incidence of MS in different
areas of Northern, Central and Southern Italy and to investigate the
effects on the risk of some of the variables mentioned above.

MATERIAL AND METHODS

The study is multicenter and retrospective. We preferred a multi-
center study because the Tocal research units know better the public
health organization of the region and have easier access to the sources
of material: this means more complete ascertainment of the cases. In ad-
dition, most local research units have had previous experiences with MS.
However, multicenter studies have problems of homogeneity. To overcome
these problems, a group of well-trained neurologists will review all the
cases before definitive inclusion to guarantee homogeneity of all cases
included. In April 1983, a course for all the physicians involved in the
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study informing them about all methodological problems, was organized. A
register, in which all the possible sources for the identification of
potential cases are listed, was created. The physicians must sign for
each source the names of the potential cases of MS. A common question-
naire will be used for uniform collection of anagraphic and clinical
data. This questionnaire has already been applied to a series of at
least ten MS in patients at each center and the results examined by the
scientific committee with the neurologist incharged at each center, to
evaluate possible differences in the compilation.

We preferred a retrospective study, because of some of the characte-
ristics of the natural history of MS. The disease is difficult to diag-
nose at onset, because its evolution is highly variable. The interval
between episodes in the remitting and relapsing type can be as long as
ten years, so a definite or probable diagnosis can be made only after
long observation. Therefore diagnosis is often made late after the onset
of the disease. An incidence prospective study should include a follow
up for at least five years after the end of data collection. The relati-
vely Tow frequency of the disease also makes it necessary that the study
covers a good number of years to have enough patients.

The period selected was 1 January 1971 to 31 December 1980. The
choice was determined by the poor quality of clinical records before
that. Moreover, on the ground of studies of mortality among MS patients
(Hyllested, 1961; Kurtzke et al., 1971), fewer than 15% of cases occur-
ring in that period should have died before 1985, which will permit cli-
nical re-examination of most of the patients. In effect, since the period
examined is close to the time of the evaluation, some problems in the
classification of cases incident in the last few years considered could
arise, which means that in these years there may be an overestimation of
possible cases and an underestimation of definite and probable cases. We
should take this into account during the evaluation of the results and
will probably be necessary to re-examine these cases successively.

We preferred an incidence study because prevalence studies are likely
to be biased by several variables, such as natural evolution of the
disease, migratory flux, available medical services and accessibility to
the neurological unit, making the measure of the prevalence unsuitable
for comparing MS prevalence rates in different areas. Moreover, incidence

studies are a better approach to etiological problems (Mc Alpine et al.,
1972).
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A11 patients who had the onset of symptoms of MS while 1iving in the
areas investigated will be included. Patients will be classified into
groups of definite, probable and possible MS, according to the criteria
of Rose et al. (1976). Time of onset of the disease is defined as the
year of appearance of the first symptom later ascribed to the disease.
Symptoms rarely occurring as initial symptoms in MS are accepted as
initial symptoms only when they precede by less then one year the appe-
arance of the commonly accepted symptoms (Mc Alpine et al., 1972). The
diagnostic criteria for inclusion and classification of cases are based
only on clinical symptoms and signs and are not influenced by selective
use of modern supportive laboratory data, because these are not equally
available in all the areas.

Fourteen different centers have participated in the study, each in-
vestigating one area. The latitudes of the area ranges between 37° and
46° North. Two areas lay between 37° and 400, 7 between 41° and 43° and
5 between 44° and 46° (Table 3). Thealtitudes range from 0 to 2110 meters
above sea level. The geographic, climatic, urban-rural and socio-economic
characteristics are very variable from area to area. The total population
in the areas investigated was on 21 October 1981 (12th General Census)
1.563.916. The area population varied from 43.651 (Anagni) to 356.211
(province of Ferrara). Seven areas had fewer than 100.000 inhabitans, 6
between 100.000 and 200.000. Medical organization is different from area
to area, but all the areas have at least one neurological center.

Case_collection_and_ascertainment

The poor homogeneity of the national public health system makes it
difficult to specify possible sources for ascertainment of potential
cases. To have a study as homogeneous as possible, we have individuated
three kinds of sources: sources located within the area, sources in
neighbouring areas and remote sources (national level center for treat-
ment of MS patients).

The following sources has to be examinated: archives of the hospitals
and university clinics, records of the National Health Insurance, archi-

ves of the National Pension Institute, records of local sections of the
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TABLE 3 Latitude and population in the investigated areas.

Areas Latitude Population
Valle D'Aosta 46° 112.654
Valle Brembana 46° 51.027
Gallarate 45° 174.212
Seriate 45° 118.402
Ferrara 44° 356.211
Ancona 43° 123.603
Arezzo 43° 87.330
Siena 43° 60.058
L'Aquila 42° 102.121
Terni 42° 130.103
Anagni 41° 43.651
Caserta 41° 66.754
Sassari 40° 77.586
Enna 37° 60.204

Total 1.563.916

Italian Association for MS (AISM). A1l the neurologists, ophthalmologists
and general practitioners in the area are contacted by letter and by
phone. Private citizens, particularly MS patients, will be interviewed.
Analysis of the archives will include not only the diagnosis of MS but
also other diagnosis such as myelopathy, encephalitis, myelitis, para-
plegia, optic neuritis etc.

A11 available medical documents and data relative to potential cases
will be examined. Cases with a possible diagnosis of MS will be given
neurological examinations and detailed interviews, with compilation of
the questionnaire. Cases who have died or moved away prior to examination
or refused it, may or may not be included, on the basis of all medical
documents concerning them and of information obtained from immediate
family and other relatives.

CONCLUSIONS
At this time all centers have completed the examination of the sour-
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ces in the areas themselves and neighbouring areas. There are still to
be examined the archives of hospitals and rehabilitation centers specia-
lized in MS farther from the area. Examination of the cases has already
started. At this time questionnaires relative to 132 cases have come to
the the scientific committee. The study should be completed within the
planned time.

This report is a part of a collaborative study of various centers
and the participants are:
G. Giuliani (Ancona), M.R. Tola (Ferrara), M. Prencipe (L'Aquila), B.
Jandolo (Anagni-Roma), G. Malentacchi (Arezzo), P.F. Ottaviano (Terni),
A, Mamoli (Aosta), S. Marforio (Gallarate-Milano), G. Rosati (Sassari),
G. Grimaldi (Enna), C.R. De Fanti (Seriate-Bergamo), D'Ettorre (Siena),
G. D'Ambrosio (Caserta), L. Frattiglioni (Firenze), L. Fera (Bergamo),
V. Martinelli (Milano), G. Comi (Milano).

REFERENCES

Alperovich, A. and Bouvier, M.H., 1982. Geographical pattern of death
rates from multiple sclerosis in France. An analysis of 4912 death.
Acta Neurol. Scand., 66: 454-461.

Alter, M., Lebovitz, V. and Speer, J., 1966. Risk of multiple sclerosis
related to age at immigration to Isreal. Arch. Neurol., 15: 234-237.

Amaducci, L., Arfaioli, C., Inzitari, D. and Marchi, M., 1982. Multiple
sclerosis among shoe and leather workers: an epidemiological survey
in Florence. Acta Neurol. Scand., 65: 94-103.

Beebe, G.W., Kurtzke, J.F., Kurland, L.T., Auth, L.T. and Nagler, B.,
1967. Studies on the natural history of multiple sclerosis: 3.
Epidemiologic analysis of the army experience in world war II.
Neurology (Minneap.), 17: 1-17.

Borri, P., Tavolato, B.F., Ballatori, F. and Cazzullo, C.L., 1976. Epide-
miological survey on multiple sclerosis in Italy. Riv. Pat. Nerv.
Ment. 97: 205-210.

Bramanti, P., Messina, C., Scuderi, D. and Vita, G., 1978. An epidemiolo-
gical study on multiple sclerosis in the province of Messina, Italy.
Acta Neurol., 34: 133-141.

Dean, G. and Kurtzke, J.F., 1971. On the risk of multiple sclerosis
;ggording to age at immigration to South-Africa. Br. Med. J., 3: 725-

Dean, G., Grimaldi, G., Kelly, R. and Karhausen, L., 1979. Multiple
sclerosis in south Europe. I: prevalence in Sicily in 1975. J. Epide-
miol. Commun. Health, 33: 107-110.

Dean, G., Savettieri, G., Taibi, G., Monreale, S. and Karhausen, L., 1981.
The prevalence of multiple sclerosis in Sicily. II: Agrigento City.
J. Epidemiol. Commun. Health, 35: 118-122.

Granieri, E. and Rosati, G., 1982. Italy: a medium or high-risk area for
multiple sclerosis? An epidemiologic study in Barbagia, Sardinia,
Southern Italy. Neurology, 32: 466-472.

Hyllested, K., 1961. Lethality, duration and mortality of disseminated
sclerosis in Denmark. Acta Psych. Scand., 35: 553-564.

Kurland, L.T., Stazio, A. and Reed, D., 1965. An appraisal of population
studies of multiple sclerosis. Ann. N.Y. Acad. Sci., 122: 520-544,



MULTIPLE SCLEROSIS RESEARCH IN EUROPE 313

Kurtzke, J.F., Kurland, L.T. and Golberg, I.D., 1971. Mortality and mi-
gration in multiple sclerosis. Neurology, 21: 1186-1197.

Kurtzke, J.F., Beebe, G.W. and Norman, J.E., 1979a. Epidemiology of mul-
tiple sclerosis in U.S. veterans: I. Race, sex and geographic distri-
bution. Neurology, 29: 1228-1235.

Kurtzke, J.F. and Hyllested, K., 1979b. Multiple sclerosis in the Faroe
Island: I. Clinical and epidemiological features. Ann. Neurol., 5: 6-
21.

Kurtzke, J.F., 1980. Epidemiologic contribution to multiple sclerosis: an
overview. Neurology, 30: 61-79.

Kurtzke, J.F., Gudmundsson, K.R. and Bergmann, S., 1982. Multiple sclero-
sis in Iceland: 1. Evidence of a postwar epidemic. Neurology, 32: 143-
150.

Macchi, G., Sanginaro, M. and Valla, S., 1962. La sclerose en plaques
dans 1a province de Parma, Italy. World Neurol., 3: 731-739.

Mamoli, A., Fera, L., Camerlingo, M. and Alfieri, R., 1980. Sclerosi mul-
tipla: indagine epidemiologica nella provincia di Bergamo (dati pre-
Timinari). 2nd Italian Meeting of Neuroepidemiology, Milan (Italy),
December 12-13.

Marforio, S., Caputo, D., Zibetti, A., Ghezzi, A., Di Costanzo, M. and
Palestra, A., 1980. Sclerosi multipla: ricerca epidemiologica in
provincia di Varese. Arch. Sci. Med. (Torino), 137: 1-8.

Mc Alpine, D., Lumsden, C.E. and Acheson, E.D., 1972. Multiple sclerosis:
a reappraisal. Churchill Livingstone, Edinburg.

Megna, G., 1980. Rilievi epidemiologici sulla sclerosi multipla nella
provincia di Bari. 2nd Italian Meeting of Neuroepidemiology, Milan
(Italy), December 12-13.

Millar, J.H.D., 1971. Multiple sclerosis: a disease acquired in child-
hood. Springfield, I1linois.

Nardi, P.G., 1979. Studio epidemiologico sulla sclerosi multipla nella
provincia di Venezia. Riv. Pat. Nerv. Ment., 100: 121-142.

Paci, A., Ottaviano, P. and Freddi, A., 1980. La sclerosi multipla nella
regione umbra: dati epidemiologici relativi alla provincia di.Terni.
2nd Italian Meeting of Neuroepidemiology, Milan (Italy), December 12-
13.

Palma, V., Ciambellini, M. and Buscaino, G.A., 1981. Indagine epidemiolo-
gica. sulla sclerosi multipla nelle province di Napoli e Avellino.

Acta Neurol., 42: 280-290.

Reggio, A., Pero, G. and Campo, G., 1979. Indagine geo-demografica sulla
sclerosi multipla nella provincia di Catania: risultati di un primo
censimento. Boll. Soc. Med. Chir. Catania, 46: 151-155.

Rosati, G., Pinna, L. and Granieri, E., 1977. The distribution of multi-
ple sclerosis in Sardinia. Riv. Pat. Nerv. Ment., 98: 46-64.

Rosati, G., Granieri, E., Carreras, M. and Tola, R., 1980a. Multiple
sclerosis in southern Europe: a prevalence study in the socio-sanitary
district of Copparo, Northern Italy. Acta Neurol. Scand., 62: 244-249.

Rosati, G., Granieri, E., Carreras, M., Pinna, L., Tola, R. and Paolino,
E., 1980b. Epidemiologia della sclerosi multipla in piccole communita
del1'Italia settentrionale ed insulare. 2nd Italian Meeting of Neuro-
epidemiology, Milan (Italy), December 12-13.

Rosati, G., Granieri, E. and Carreras, M., 1981. Multiple sclerosis in
Northern Italy: prevalence in the province of Ferrara in 1978. Ital.
J. Neurol. Sci., 2: 17-23.

Rose, A.S., Ellison, G.W., Myers, L.W. and Tourtellotte, W.W., 1976.
Criteria for the clinical diagnosis of multiple sclerosis. Neurology,
26 (6: part 2), 20-27.



314 MULTIPLE SCLEROSIS RESEARCH IN EUROPE

Rossi, G., Ferrari, G. and Dalri, E., 1980. Sclerosi multipla nella
provincia di Trento: ricerca epidemiologica. 2nd Italian Meeting of
Neuroepidemiology, Milan (Italy), December 12-13.

Savettieri, G., Piccoli, F. and Chiaravalle, E., 1978. Epidemiological
survey on multiple sclerosis in the city of Palermo, Italy. Acta
Neurol., 33: 526-531.

Savettieri, G., Karhausen, L. and Dean, G., 1981. The prevalence of mul-
tiple sclerosis in Sicily. I: Monreale city. J. Epidemiol. Commun.
Health, 35: 114-117.

Savettieri, G., Grimaldi, G., Giordano, D., Ventura, A. and Karhausen, L.
La sclerosis multipla in Sicilia: altri dati epidemiologici (personal
communication).

Tavolato, B.F., 1971. Multiple sclerosis in Padova province, Italy. Acta
Neurol. Scand., 50: 76-90.

Wikstrom, J. and Palo, J., 1975. Studies on the clustering of multiple
sclerosis in Finland. I. Comparison between the domiciles and place
of birth in selected subpopulations. Acta Neurol. Scand., 51: 85-98.



43

HLA Markers and Course of Disease in
Multiple Sclerosis

M. MERIENNE, O. SABOURAUD, R. FAUCHET, M. MADIGAND,
G. SEMANA, M. GUEGUEN, G. DEJOUR and G. MOREL

INTRODUCTION

The relationship between multiple sclerosis (M.S.) and some specific
HLA system antigens is now a proven fact, showing in the caucasoids popu-
lation an increase in B7 and DR2 alleles in the M.S. populations.

Nevertheless the question of a relationship between HLA system and the
clinical aspects of the disease is asked ?

In a former study (Madigand et Al, 1982) including 261 patients tested
for A and B loci and 91 patients tested in locus DR, we suspected 2 forms
of MS : a remittent form, relatively moderate linked to B7 and DR2 anti-
gens, and a progressive form, more severe linked to the B8 and DR3 antigens,
The aim of this study is to show again our results which were not confirmed
by some others authors (Engell et Al, 1982 - Wentzel et Al, 1984).

MATERIAL AND METHODS

HLA-A and HLA-B antigens were typed by the standart microlymphocyto-
toxicity test with 36 antisera defining 16 locus A alleles, and 66 antisera
defining 30 locus B alleles. DR determinents were defined on B lymphocytes
using 50 antisera defining DR1 throught DRW10. Antigens frequency were
compared with a healthy population of 200 controls typed between 1980 and
1983.

122 unrelated britton patients followed in the department of neurology
university of Rennes have been included in this study ; compared with the
study of 1982, we included 65 new patients, some patients of the former
study have not been included because loss of sight.

Othervise 49 of them were genotyped by family studies compared with
114 controls belonging to 57 healthy families.

315
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The 122 patients according to the new diagnostic criteria of M S
(Poser et Al 1982) vere classified as definite M S : 108 patients and as
probable : 14 patients. There were 87 females and 35 males.

Clinical subgrouping of the patients was as follow (table 1).
according to the severity of the disease using the Kurtzke disability
status scale (K.S.) (Kurtzke 1983), the patients have been classified in

4 groups.

- Benign M S (groupe 1) where K S & 4 vith a disease of more than 10
years : 23 patients had benign form,

- Intermidiate M S (groupe 2) where K S 2= 4 after 10 years : 37 patients
had intermediate form.

- Severe M S (groupe 3) where K S >4 before ten years : 32 patients had
severe form.

- Non classified M S (groupe 4) with a disease of duration less than 10
years with a K S & 4 : 30 patients had non classified form.

. according to tempo of evolution.

- Remitting M S, there were defined as patients who had had distinct
attacks of the disease even if subsequently they showed a progressive
evolution, 92 patients were classified as remitting or remitting
progressive.

- Progressive M S : they were defined as patients with progressive evolu-
tion in the absence of antecedents attacks, 30 patients had progres-

sive M S.

MS POPULATION : 122 PATIENTS

— ACCORDING TO THE SEVERITY OF THE DISEASE

— GROUP 1:BENIGN 23 PATIENTS
— GROUP 2 : INTERMEDIATE 37 PATIENTS
— GROUP 3 : SEVERE 32 PATIENTS

— GROUP 4 : NON-CLASSIFIED 30 PATIENTS

— ACCORDING TO TEMPO OF EVOLUTION

— REMITTENT MS 68 T 92PATIENTS
— REMITTENT PROGRESSIVE MS 24

— PROGRESSIVE MS 30 PATIENTS

Table 1
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RESULTS
M S group as a whole (table 2). Results were found significantly
increased in M S population for B7 (0. 37 vs 0.25 p< 0.03)
DR2 (0. 49 vs 0. 29 p < 0.0003)

HLA ANTIGENS PHENOTYPIC FREQUENCIES (%) IN MS PATIENTS AND CONTROLS
P VALUES AND COMPARISON WITH CONTROLS ARE GIVEN WHEN SIGNIFICANT

LOCUS SPECIFICITY % % P
MS =122 CONTROLS =200

A2 44 47
A A3 30 24
A9 19 20
87 737 25 <0.03
8 B8 26 21
DR2 49 29 <0.0003
DR DR3 28 24
DRS 22 18
Table 2

Results in patients subgroups.

. According to the severity of the disease (table 3) comparing the
frequency of the severe group and the benign group, the study of the al-
leles showed a decrease (not significant) of : DR5 (15 vs 34, x2 = 2.72).

MULTIPLE SCLEROSIS

PATIENTS SUBMITTED IN FOUR GROUPS ACCORDING TO THE SEVERITY OF THE DISEASE

1 2 3 4
BENIGN  INTERMEDIATE SEVERE  NON CLASSIFIED

LOCUS SPECIFICITY N =23 N =37 N =32 N =30
A2 54 51 \.25 46
A A3 22 24 /43 30
A9 18 27 21 a3
8 B7 27 45 /.46 30
B8 227 21 31 30
DR2 47 45 56 50
DR DR3 a7 24 /40 32
DR5 34 21 \.15 21

Table 3
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and an increased frequency (not significant)of : A3 (43 vs 22, x2 = 2.53) ;
B7 (46 vs 27, x2 = 3.38) ; DR3 (40 vs 17, x2 = 3.38). We emphasize that
the frequency of the DR2 allele does not change according to the gravity
of the disease and that the non significant values are probably due to the
small number of patients tested.

According to tempo of evolution (table 4). The results showed

an increase of DR3 allele frequency in the progressive form.

PHENOTYPIC FREQUENCIES ACCORDING TO TEMPO OF EVOLUTION

100% W8] R+P : REMITTENT PROGRESSIVE
VA P :PROGRESSIVE
//
vy
P 49 b
50% ( R+p 44 b ___J—;- 7 o
ReP p 36 f7 24
24 ReP
/ %5

A3 B7 B8 DR2 DR3

LOCUS A LOCUS B LOCUS DR

Table 4

- The study of the haplotypic associations were made with two kinds of
results

. Phenotyped association (postulated from known linkage desequilibria among
the 122 patients (table 5) showed an increase of B7, DR2 (29, 5 vs 13

p < 0.003-5) A3, B7, DR2 (12.7 vs 6.5 p<  0.,005-S) B8, DR3

(19.5 vs 9.5 p< 0,01 S) Al, B8, DR3 (14.5 vs 8.5 p< 0.08 N S).

among the subgroups we noted a difference of repartition between the benign
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HAPLOTYPIC FREQUENCIES IN PHENOTYPED SUBJECTS

PATIENTS CONTROLS
PHENOTYPED  PHENOTYPED P
N = 122 N = 200
A3 B7 15 .8
B7 B7 DR2 29 A3 <103
A3 B7 DR2 /a2 6 <0.05
A1B8 A7 A2
B8 B8 DR3 /a9 9 <0.01
A1B8DR3 14
Table 5

and the severe groups, the B8, DR3 association (table 6) is preferentially

found in severe, intermeciate and non classified group. We would like to

point out the fact that the association DRZ, DR3 is more frequent is our

M S polutation that in controls patients (10 vs 1).

- genotyped association on 49 genotyped subjects compared to 114 genotyped
controls calculated in haplotype frequency showed (table 7).

B7-DR2 (36.4 vs 18.4 p < 0.05-S) B3-B7-DR2 (12.2 vs 7.8 N S)

B8-DR3 (20.4 vs 15 M S) Al-B8-DR3 (12.2 vs 12.2 N S).

LINKAGE DISEQUILIBRIUM

IN PATIENTS ACCORDING TO THE SEVERITY OF THE DISEASE

1 2 3 4
BENIGN INTERMIDIATE SEVERE  NON CLASSIFIED
N =23 N =37 N =32 N =30
A3 B7 .08 A3 .25 14
B7 B7 DR2 .10 35 40 .25
A3 B7 DR2 09 08 .20 14
A1B8 09 16 21 25
B8 B8 DR3 04 18 28 28
A1B8DR3 .00 16 .18 24

Table 6
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HAPLOTYPIC FREQUENCIES IN GENOTYPED SUBJECTS

PATIENTS CONTROLS
GENOTYPED GENOTYPED P
N =49 N =114

A3 B7 a2 14

B7 B7 DR2 /.36 .18 <0.05
A3 B7 DR2 12 07
A1B8 .16 a7
B8 B8 DR3 20 15
A1B8DR3 12 12

Table 7

DISCUSSION

We confirmed in our brittany population, whatever the subgroups, the
dominant increase of the DR2 antigen which confirms the postulate of a
susceptibility gene on the sixth chromosome linked, either to DR loci, or
to a linkage desequilibrium of the others class II loci (loci DQ, DP).That
does not exclude the susceptibility gene location near the B f gene as it
vas postulated in a former study (Fauchet et Al 1984) for this reason we
think of great interest the future studies not only on HLA products but
chiefly on genes themselves.

The DR3 allele seems to be a gravity marker of the disease, it is
found more frequently increased in the severe and progressive group, we
note the progressive increase of its frequency in the benign, intermediate
and severe forms. The average values of the non classified group is likely
to signifie the unknow evolution of this group.

As a conclusion in the France area, we think that the DR2 antigen is
a marker of the disease and the DR3 antigen a marker of gravity. The HLA
markers in M S may be useful as prognostic estimate and a precious indica-

tor to use or not the immunosuppressive treatment.

We are grateful to the ARSEP support.
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HLA-Antigens in Multiple Sclerosis Patients in
the Benelux

H. CARTON, I. VAN DE PUTTE, ]J. M. MINDERHOUD,
J. M. BALEN, O. R. HOMMES, P. REEKERS, R. MEDAER,
M. DE BRUYERE, D. LATINNE and A. BOUCKAERT

INTRODUCTION

The association of multiple sclerosis (MS) with HLA-A3, B7 and DR2 is
well established in most northern European populations suggesting the
existence of an MS susceptibility locus closely linked to HLA. The demons-—
tration of a negative association has been more problematic due to compen-—
satory decreases in frequencies of antigens other than DR2 and antigens in
linkage disequilibrium. Attempts have also been made to correlate HLA
antigens and clinical characteristics including type of disease course and
rate of progression (Madigand et al. 1982, Meyer-Rienecker et al. 1982).

The objectives of this cooperative study were (1) to further examine
in a large and relatively homogeneous population the positive as well as
negative associations between HLA and MS, (2) to examine the possible
contribution of HLA antigens to well defined disease characteristics such
as age at clinical onset, progression rate and type of disease course, (3)

to examine a possible interaction between sex and HLA.

MATERIAL AND METHODS

Four hundred ninety eight MS patients from five different neurology
departments (Groningen, Nijmegen, Overpelt, Melsbroek and Leuven) have been
included in this study. All 498 patients were typed for HLA-A, B and C
but only 394 could be typed for HLA-DR. Available personal and clinical
data are date of birth, sex, age at first clinical symptom, disability
scored on Kurtzke's disability status scale, type of disease course

(relapsing-remitting, progressive following a relapsing-remitting onset,
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or chronically progressive from onset), familial occurence of MS, and immu-
nosuppressive therapy. The progression rate was calculated by dividing
the disability score (0-10) by the duration of the disease in years.

HLA-A, B and C antigens were typed by the standard microlymphocyto—
toxicity test using 120 sera checked with the Eurotransplant serum set and
defining 15 HLA-A, 28 HLA-B and 6 HLA-C antigens. Nine HLA-DR antigens
were typed by the two colour fluorescence technique using 36 sera checked
with the DR serum set. The normal control population consisted of 2728
blood donors typed for HLA-A, B and C and 780 blood donors typed for HLA-DR
in Nijmegen, Leiden and Brussels. Statistical analysis was performed by

the chi-square test and the student t test.

RESULTS

The mean age at onset of the disease was 30.5 years and not different
for females and males. However the age at onset of female patients sharing
HLA-DR1 was only 25.8 years versus 31.19 y for patients not sharing this
antigen (p = 0.001). As shown in table 1, an increased frequency of HLA-A3,

TABLE 1
INCREASED FREQUENCY
DR2 B7 A3
% PATIENTS = % CONTROLS 54,87 -29.5% 38.37%7-24.57 36,5 % -28.67%
PC <1076 <107 0.005
RR 2,90 1.91 1.43
EF 0.36 0.18 0.13
DECREASED FREQUENCY
DR7 B12 A2
% PATIENTS = % CONTROLS 4.7 % -24.57 16,6 7 - 25.7 % 41,9 % - 49.9 7
PC <0.005 <10-° <0.05
RR 0.53 0.58 0.72
PF 0.12 0.14 0.02
POSSIBLY DECREASED FREQUENCY
QEE DR6
% PATIENTS - % CONTROLS 18.27%-26.21% 17.0%2-254 7%
PC <0.05 <0.05
RR 0.63 0.60

PF 0.10 0.10
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B7 and DR2 and a decreased frequency of HLA-A2, B12 and DR7 were found.
HLA-DR5 and HLA-DR6 frequencies were also decreased in MS patients and
these findings remained statistically significant after correcting for the
number of comparisons made. However, when the P value was calculated
taking into account the compensatory decrease in antigens other than DR2,
only a tendency towards statistical significance was found (table 2). An
increased frequency of B5 + BW53 (17.0 7 versus 12.8 %) was also noted
with a significance of p< 0.025 which became insignificant when corrected
for the number of comparisons made. No difference in the distribution of
HLA antigens was found in relation to sex. The relative risks and etiolo-
gical or protective fraction carried by HLA-DR2 and DR7 were rather weak
(Table 1).

The mean progression rate of the whole population was 0.50 (SD: 0.43).
However the progression rate was approximately 20 7 faster in females than
in male patients (0.54 versus 0.45, p = 0.014). In the entire population,
HLA-B7 carriers (but not DR2 carriers) had a more rapid disease course
than patients not sharing HLA-B7 (0.56 versus 0.48, p = 0.046). On the
other hand, HLA-B27 carriers had a less rapid evolution than B27 negative
patients (0.32 versus 0.52, p = 0.036). In male patients, HLA-DR3 as well
as B8 were associated with a 20 7% more rapid progression (0.53 versus
0.43, p = 0.036 and 0.030 respectively). On the other hand, HLA-B8 was
associated with a less rapid progression (0.39 versus 0.60, p = 0.009) in
female patients.

The antigens HLA-DR2, B7, A3 and DR7, BI2 or A2 did not affect the
progression rate and neither did they influence the type of disease course.
However increased frequencies of HLA-DR4 were found in patients having
started the disease with exacerbations as opposed to patients having a
slowly progressive disease course from onset (25.1 % versus 13.0 7,

p <0.01). The reverse was observed for HLA-DR5 carriers (15.2 7 versus
28.2 %, p<0.01).

DISCUSSION

An unequivocal increased frequency of HLA-DR2, B7 and A3 as found in
this Benelux study has been well established in several other northern
European populations. A decrease in the frequencies of B12 and DR7 has
also been well documented. The strength of the association between

HLA-DR2 and MS, as expressed by the relative risk or the etiological
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fraction, was rather low in the Benelux population : 2.90 and 0.36 respec—
tively. Although the negative association between HLA-B12 and DR7 was
statistically very significant, the clinical significance of this associa-
tion is weak, as evident from the corresponding protective fractions (0.14
and 0.12 respectively). Nevertheless these latter associations appear to
confirm Madigand's hypothesis that in addition to a susceptibility gene
linked to HLA-DR2, a second gene linked to NR7 and/or B12 might protect

against the occurence of MS (Madigand et al. 1982). On the other hand

we were unable to confirm that DRI and/or BW35 might be a protection mar-
ker as stated by Madigand et al. (1982) and by Ilonen et al. 1983) and
neither could we confirm Bertrams et Kuwert's data (1976) of an increased
frequency of DW3 and B8. Whether the tendency to association between MS
and HLA-DR5 or HLA-DR6 as found in our study, is meaningful remains an
open question. Doubts also persist as to whether correlations found
between some HLA-haplotypes and clinical characteristics are real and
meaningful findings since these correlations are often weak and the anti-
gens involved often different in various studies. Increased frequencies
of HLA-Al, A1-B8 and A1-B8-DR were found in the progressive form when com-
pared with the relapsing form in Madigand's study, but not in our series
where an increased frequency of DR5 and a decreased frequency of DR4 was
noted in the chronic progressive form. Unlike Madigand's finding that the
benign MS group was characterized by an increased B7, DR2 frequency, we
found the disease progression of B7 carriers to be more rapid when compa-
red to B7 negative patients. Furthermore, whereas severe disease was
4ssociated with DR3 and B8-DR3 in Madigand's study, we found HLA-DR3 and
B8 to be associated with a more rapid disease course in males only.

HLA-B8 in females was associated with a much slower or benign disease
course. Since some antigens seem to influence age at onset or progression
rate in one sex only, or in a different way in both sexes, it is tempting
to speculate that an interaction of HLA and sex might be present in MS,

as already suggested by Weitkamp (1983). However, several of these asso-
ciations including some found in our study may be statistical artefacts

due to the many possibilities of subdividing patient material.
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HLA Antigens and Multiple Sclerosis in Barbagia,
Sardinia: Preliminary Results

P. L. MATTIUZ, C. CONIGHI, M. T. GRAPPA,
R. TOLA and G. ROSATI

INTRODUCTION

In almost all populations so far studied, MS appears to be associa-
ted to the HLA antigen DR2/DW2: the increased frequency of B7 and A3
observed mainly in North Europe Caucasian patients is probably a secon-
dary phenomenon due to the known Tinkage disequilibrium between DR2, B7
and A3 in the general population. As regards the Italian MS patients, the
lack of association between MS and A3 and/or B7 (Cazzullo and Smeraldi,
1972) and the increased frequency of DW2/DR2 (Zibetti et al., 1977;
Mattiuz et al., 1980) have been observed. These data have been confirmed
by a more recent study (Conighi et al., 1985) performed in a geographical
area in North Italy (the province of Ferrara) where, until a few years
ago, malaria was endemic; the frequencies of A3 and B7 are respectively
19% and 17% in MS patients vs. 17% and 12% in controls, while the fre-
quency of DR2 is 60% in affected vs. 28% in healthy individuals (P cor-
rected <0.001, RR = 3.87). Preliminary results of a study performed in
a peculiar Italian population, Tiving in Barbagia are here reported.
Barbagia covers a hilly and montainuous area in the central part of
Sardinia. To the Sardinians, Barbagia refers to "the barbarian communi-
ties" who Tived and still live in this region. The original inhabitants
may have come from Libya, settling in this interior and inacessible part

329



330  MULTIPLE SCLEROSIS RESEARCH IN EUROPE

of the island after fleeing from the invasions that followed one after
the other throughout the ages. They were excluded from any contact with
the other ethnically distinct populations who occupied Sardinia, in-
cluding the Chartaginians, Romans, Arabians, Ligurians, Tuscans,
Spaniards and Piedmontese. Some of the more frequent antigens in Cauca-
sians, such as HLA-Al and B8, are almost absent in Barbagia's, whereas
the frequencies of HLA-A30 and B18 are unusually high. In the past,
malaria was endemic in Barbagia as it was in the province of Ferrara.
Based on 31 MS cases living in Barbagia on 24 October 1981 (49.022 inh.),
the prevalence per 100.000 was 65.3 (Granieri et al., 1983).

RESULTS AND DISCUSSION
So far, 25 patients have been examined (by the same clinicians who

examined the Ferrarese patients) and typed for the Caucasian HLA antigens
defined at the 9th Workshop; 19 of them have also been typed for DR1,2,3,
4,5 and 7; as control population, 220 healthy individuals (Contu et al.,
1984) have been considered. The frequencies of the "typical" Sardinian
antigens (A30/31 and B18) are similar in patients and in controls, thus
suggesting that both groups have the same ethnical origin. No statisti-
cally significant increase in A3, B7 and DR2 was observed among the
patients (4%, 8% and 37% respectively vs. 5%, 2% and 35% in controls);
the only statistically significant differencies between patients and
controls are the decrease in the frequencies of A2 and B17 in patients
(24% and 4% respectively vs. 53% and 24% in controls) but the P values
lose significativity after correction. The frequencies of DR1,2,3,4,5 and
7 in Barbagia and Ferrara's patients and in the respective controls are
shown in the table. The lack of association between HLA-A3, B7 and DR2
antigens and MS observed among Barbagi's patients is analogous to the
data concerning some non-Caucasian populations (Brautbar et al., 1977;
Tiwari et al., 1980) and the Hebridean inhabitants (Batchelor, 1985).
Several hypotheses have been put foreward (Brautbar et al., 1982) to
account for such "“anomalous" behaviour:
1. The existence of disease susceptibility gene(s) not linked to HLA;
2. The possibility that in some populations environmental factors are
sufficient to cause MS;
3. The MS susceptibility gene(s) is (are) linked to HLA, buth the strength
of linkage disequilibrium with a particular HLA allele varies in
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different populations.
Owing to the difficulties in testing the first two hypotheses, it has been
suggested (Batchelor, 1985) that in future studies the patients and the
controls should also be typed for the markers determined by alleles at
the other D loci (in particular DQ), with which the Tinkage disequili-
brium of the disease gene(s) could be stronger than it is with the DR
alleles.

FREQUENCIES (x 100) OF HLA-DR ANTIGENS IN MS PATIENTS (P) AND IN CONTROLS
(C) IN SARDINIAN AND FERRARESE POPULATIONS.

Sardinia Ferrara

Antigen  P(N=19) C(N=220)  P(N=73) C(N=71)

DRI 15.8 18.1 13.7 21.1
DR2 36.8 35.0 60.32 28.2
DR3 52.6 53.6 9.6 14.1
DR4 21.1 30.4 12.3° 2.8
DRS 26.3 23.1 35.6 33.8
DR7 0.0 7.2 17.8 21.1
a) X2 = 15.025, P corrected < 0.001, RR = 3.87

b) X% = 4.416, P corrected >0.05, RR = 4.85
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Clinical and Immunogenetic Data of 33 Double
Case Families with Multiple Sclerosis: A Starting
Point for Further Analyses on the DNA Level

H. ZANDER

INTRODUCTION
The sib-pair double case method of Penrose (1935) was used for
association and linkage analyses between immunogenmetic markers and mul-
tiple sclerosis (Zander et al. 1976).

MATERIALS AND METHODS
Families having two siblings affected with multiple sclerosis were
recruited from all parts of West Germany. Patients of the G&ttingen MS

pool (H.J. Bauer) have been included. All of the patients were visited at
home and neurologically re-examined and clinically documented by the au-
thor. All available hospital and consultant records were re-evaluated.
The grading of the diagnoses into clinically definite, probable, and poss-
ible cases followed the Schumacher criteria (2nd. revision). Some pa-
tients' diagnoses could be upgraded from probable to definite MS after
evoked potentials and NMR imaging of the brain had been arranged for.
Families where patients were found to have Friedreich's disease, spino-
cerebellar inherited ataxia, spastic paraparesis, polio residues in com-
bination with drug or alcohol addiction with polyneuropathia, etc., were
excluded. Disability was scored according to Kurtzke. Thus, thirty-three
sib-pair double case families were available for study, with 28 families
having two siblings with clinically definite disease. In the other 5 fam-
ilies, one sib had definite MS and the other one probable or possible MS.
Heparinized blood from patients and relatives was taken by the au-
thor and sent to the laboratories by express mail or air cargo. Serum was
centrifuged and frozen in liquid nitrogen within 90 min after bleeding.
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Methods for the laboratory determinations of HLA-A,B,C,DR, GLO, com-
plement factor polymorhisms of C2, C4, Bf, C3, Cé, serum complement fac-
tor levels of C2, C4, C3, Bf, IgG heavy chain markers Gm, alpha l-anti-
trypsin allotypes, natural killing (NK) activity and interferon (IFN)
production are described in our publications (see references).

RESULTS AND DISCUSSION
Phenotypically, HLA-DR2 occurred in 24 out of 33 MS propositi (with
the family's first patient in birth order being taken as a propositus) -
i.e. in 72,7 % vs. 25,2 % in healthy Caucasian controls (chi-sgare = 14,9;
p corr. = 0.0007). Genotypically, HLA-DR2 was present in 28 out of the 66
haplotypes of 33 MS propositi, i.e. its gene frequency in our MS family

sample is 42,4 % vs. 13,3 % in Caucasian controls (chi-square = 13,9;
p corr. = 0.002). Thus, HLA-DR2 seems to be even more frequent in famil-
ial than in nonfamilial cases (in a recent study of nonfamilial MS pa-
tients from the Wirzburg and Hannover areas, 70/136 patients were posi-
tive for HLA-DR2; unpubl.data). This may point to genmetic heterogeneity
between familial and nonfamial MS. With regard to clinical features,
however, the MS patients of this study did not differ from nonfamilial
cases. When HLA haplotype sharing was analyzed, 5 affected sib-pairs
shared 2 and 23 affected sib-pairs shared 1 haplotype. Thus, there was a
considerable number of 5 exceptions from joint segregation of HLA and MS.
The first thirteen families of this sample - tested in 1979 - were
incorporated into the HLA joint analysis of the 8th Intnl. Histocompati-
bility Workshop, Los Angeles, 1980 (Zander et al. 1980, Tiwari et al.
1980). Lateron, these 13 families were additionally analyzed for comple-
ment factor polymorphisms, complement factor levels in serum, IgG heavy
chain markers Gm, and alpha l-antitrypsin allotypes (Zander et al. 1981,
Schrider et al. 1983; Zander, Weidinger, Jungwirth et al., submitted).
Fifty parental MHC haplotypes were derived from phenotype determinations
(the missing two parental haplotypes did not occur in the offspring with
the parents being deceased). A significant increase was seen for the C4
haplotype A4,B2 (gene freguency for A4 8/50 = 16 % vs. 5,1 % in nor-
mal controls, for B2 8/50 = 16 % vs. 8,5 % in normal controls). When
comparison was made within families between the patients and their
healthy siblings, the data suggest that MS is more closely associated
with C4 A4,B2 (p=0.035) than with HLA-DR2 (p=0.33). The Bf F allele was
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found in 5/50 parental haplotypes which corresponds to a decrease just
above significance. For Gm and alpha l-antitrypsin polymorphisms no de-
viations from random distributions could be found. Differences in the
serum levels of C2 and C3 (low for C2, elevated for C3) correlated more
closely with the zygosity of HLA-DR2 than with MS. In 7 MHC-identical sib-
pairs discordant for MS, the healthy sibs displayed no functional devia-
tions of NK activity and IFN production. This observation argues against
a genetic deficiency of the NK/IFN system in MS (Zander et al. 1982).

Our results corroborate the hypothesis (Batchelor et al. 1978,
Tiwari et al. 1980) that a genetically determined, MHC-linked suscepti-
bility for MS exists. Additional determinants, not linked to the MHC,
must be postulated.

OUTLINES

The one or more susceptibility genes for MS are now clearly ripe for
being focussed on by recombinant DNA technology. But a clue is to have
informative families. A bottleneck that hampers rapid advance is the lack
of appropriate clinical pedigrees. Overcoming this lack necessarily re-
quires an extensive field-work engagement of clinical neurologists. An ad-
ditional effort will be made to collect and to preserve genomic material
from the families presented here, provided that a neurological clinic can
be motivated to cooperate. Within any interdisciplinary medical study there
can be no reasonable doubt that the recruitment of informative patients
of course must be the clinics' workload and responsibility.
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Twin Studies in Multiple Sclerosis

A. HELTBERG

In genetic studies of MS a Mendelian mode of inheritance has not been
established, but a higher occurrence of the disease among relatives of pa-
tients with MS has been shown. Whether this higher incidence is caused ma-
inly by genetic factors or by environmental factors is not clearly esta-
blished. The classical method to elucidate whether genetic factors are in-
volved 1n the etiology of a given disease, and 1f they are to which ex-
tent 1s the twin method. By this method it is the aim to evaluate how much
of the variability observed between different individuals 1s due to here-
ditary differences between them, and how much 1s due to differences 1in the
environments. If the concordance rate for a given disease is significantly
higher for monozygotic (mz) than for dizygotic (dz) twin pairs, and intra-
pair differences of environmental factors can be assumed to be equal for
mz and dz twins, this can be taken as evidence for genetic factors to be
of importance for the development of the disease.

In order to make genetical conclusions it 1s of fundamental importan-
ce that the material 1s an unselected, unbiased material derived from a
twin population. The most limiting factor for twin studies is the relative
rarity of twins. Other limiting factors are the biases that occur in the
selection of twin samples and the difficulties which arise because of the

interactions between genotype and environment. The twin method offers re-
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cognition of the hereditary basis for phenotypic differences, but is not
an analysis of the genotype responsible. So the method does not answer the
question of which kind of genes are responsible nor what kind of environ-
mental factors are involved. It may also be assumed that the environments
in which non-identical twins live are more different than those in which
identical twins live, and even prenatal differences may be of importance.

Another basic point in twin studies is the establishment of twin zy-
gosity. The most reliable method for establishing twin zygosity is immuno-
logic typing of genetic systems 1in blood. Another method 1s the similari-
ty method. It has been shown that by this method the twin zygosity can be
stated with a probability of above 95%.

As stated: to make genetical conclusions 1t is of fundamental impor-
tance that the material 1s representative being derived from an unselected
unbiased twin population. In most countries this has not been easy, and
this claim has therefore not been fulfilled in prior twin studies. In
1936 Thums (Thums, 1936) made a twin investigation in which he concluded
that MS was a disease mostly caused by environmental factors. The same
conclusion was made by Bammer and Schaltenbrand in their investigation
from 1960 (Bammer et al., 1960). In the classical study of MacKay and My-
rianthopoulos from 1958 and 1966 (MacKay et al., 1958 & 1966) the material
was not unselected because of the ascertainment method. However, it was
concluded that MS was partly caused by genetic factors probably by an au-
tosomal recessive gene with reduced penetrans (43%), but also environmen-
tal factors were necessary. This conclusion was mainly supported by the
risk figures of relatives to the twin pairs showing a pattern with higher
prevalence in sibs than in parents and children and other relatives. Bobo-
wick (Bobowick et al., 1978) made an investigation of twins which was pri-
marily a discordance analysis of mz pairs. In a later investigation by
Williams (Williams et al., 1980) it was mentioned that because of the mode
of selection it was not possible to make genetical conclusions, but their
results pointed to genetical factors to be of some importance for MS. So
no general conclusion concerning genetic factors can be drawn from these
investigations. The available reports tell, however, that under the as-
sumption of etiological homogeneity there is no genotype which irrespecti-
ve of environments always leads to MS. There may perhaps be certain geno-
types which are more prone to develop MS, but non-genetic influences will

be rather decisive 1n provoking or preventing the disease. MS could not be
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due to one single gene only; environmental factors also contribute to the
development of the disease. Thus reqular dominant, recessive and sex-
linked inheritance are ruled out. Two types of genetic determination re-
main as possibilities. It may be one gene (or a pair of identical reces-
sive genes) with reduced ability to penetrate and determine the phenotype,
or it may be a case of more than one gene or a set of genes being respon-
sible, i.e. polygenic inheritance.

The establishment of population-based twin registers (as for instance
in Denmark) has helped to facilitate adequate sample selection. In my own
study (Heltberg, 1981) the probands were primarily ascertained by a match-
ing of The Danish Twin Register and The Danish MS Register. In this way
the material is unselected and derived from a twin population. The Danish
Twin Register 1s covering all like-sexed twin births in Denmark in the pe-
riod 1870-1930. All twin pairs recorded are followed from birth until a
given date or to death without paying attention to the presence or absence
of disease or to zygosity. The nationwide Danish MS Register was founded
in 1948. Almost all MS patients in contact with the medical profession are
reported here. By a combination of these two registers 50 twin pairs were
ascertained. 19 were mz and 31 were dz. 19 were male pairs and 31 were fe-
male pairs. Where both twins were alive at the time of the investigation,
the zygosity diagnosis was based on extended blood group examination, and
in the remaining pairs the zygosity diagnosis was based on the similarity
method.

4 of the 19 mz pairs and 1 of the 31 dz pairs were concordant for MS.
The proband concordance rate for mz twins was 34.8% and for dz twins 6.3%.
The heritability estimate 1s about 0.80. The proband concordance rate in
dz twins which 1s comparable with the recurrence risk of ordinary sibs is
similar to risk figures of sibs. The high heritability estimate of about
0.80 suggests that genetic factors are of importance for the development
of MS (Heltberg et al., 1982).

HLA determination was performed on 30 probands from 28 MS twin pairs
(Heltberg, 1984). 63.3% of MS probands were DR-2 positive as compared to
28.7% in the normal Danish population. This gives a relative risk of 4.4.
0f the 28 pairs 13 pairs were mz and 15 pairs were dz. The number and di-
stribution of HLA - DR-2 according to pairs and to probands will be seen
on the figure. Also the distribution of HLA - DR-2 positive and HLA -

DR-2 negative in the dz pairs will be shown. The conclusions will also ap-
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pear from the figure. Also other investigations were made. Circulating im-
mune complexes and measle virus antibodies were determined. Investigations
of mixed leucocyte reaction, natural killer cell activity, T-helper/T-sup-
pressor cell quotient and monocyte number were performed (Heltberg et al.,
1985) .

In the future it will be highly desirable that new twin series are
collected and studied - maybe especially in low-risk areas - because if
genetic factors are of real importance ore might perhaps expect higher con-
cordance rates in mz twins 1n such areas. If external factors of causative
importance are weak or rare, only those having an unusually sensitive ge-
notype would present the disease, 1f such predisposing genetic factors
really exist. As twin pairs also are useful for any other purposes than
Jjust genetically oriented analyses it 1s worth recommending that anyone who
meets a patient with MS who has a twin partner of the same sex, should ar-
range for a full serological zygosity test of both partners. This would be
of tremendous importance to future research (Hauge, 1977).

If we here at this meeting will be able to make concrete plans for
future studies 1n which participants from different countries can work to-

gether, it would be very rewarding.
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MONOZYGOTIC: 13 PAIRS

concordant: 2 pairs discordant: 11 pairs

DR2+ DR2- DR2+ DR2-
2 0 6 5

DIZYGOTIC: 15 PAIRS

concordant: 0 pairs discordant: 15 pairs

DR2+ DR2-
9 6 }probands

MONOZYGOTIC: 15 PROBANDS

DR2+ DR2-
10 5

DIZYGOTIC: 15 PROBANDS

DR2+ DR2-
9 6

DIZYGOTIC PAIRS, ALL DISCORDANT FOR MS, BOTH TYPED = 8 PAIRS

DR2 DR2 DR2 DR2
MS/not MS  +/+ +/- -/+ -/-

3 pairs 2 pairs 0 pairs 3 pairs
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The Role of Imaging in the Diagnosis of
Multiple Sclerosis

W. I. McDONALD

Imaging of lesions of the brain in multiple sclerosis has been
possible since the introduction of gamma scanning but as Young et al.
(1981) have shown, NMR imaging is more sensitive than any other
technique at present available. The NMR Group at the National Hospital
has been investigating the pattern of abnormalities seen in NMR images
of patients with multiple sclerosis, the frequency of multiple lesions
in patients with primary isolated syndromes of the kind seen in multiple
sclerosis (e.g. acute optic neuritis) and the specificity of the changes
for multiple sclerosis. We have used a Picker superconducting NMR
system imaging proton, initially at 0.25 Tesla and subsequently at 0.5
Tesla. Both spin-echo and inversion-recovery sequences were used.

Standard diagnostic criteria have been used in the classification of the
patients.

Clinically definite multiple sclerosis

In keeping with the pathology of multiple sclerosis (Dawson, 1916;
Hallervorden, 1940; Allen 1981) we have found periventricular
abnormalities in 59/60 patients aged 17 to 70 years (mean 38 years).
Discrete white matter changes were seen in almost all.

Control observations

We have not seen regions of altered signal from the periventricular
region in 36/37 apparently healthy individuals aged 19 to 62 years (mean
38 years), although in keeping with the occasional surprise discovery of
the pathological changes of multiple sclerosis at post mortem (Gilbert &

Sadler, 1983; Phadke and Best, 1983) one apparently healthy control
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subject showed NMR appearances indistinguishable from those of multiple
sclerosis. Others have reported altered signals from the
periventricular regions in individuals over the age of 60 (Bradley,

Waluch, Wycoff and Yadley, 1984).

Isolated acute optic neuritis

Periventricular and/or discrete white matter abnormalities other
than in the optic nerves were found in 16 of 25 patients aged 16 to 48
years (mean 32). While the proportion of cases with disseminated
abnormalities corresponds with the proportion of cases in the United
Kingdom which ultimately develops multiple sclerosis (McDonald, 1983) it
is premature in the absence of other evidence indicating that the
lesions have also been disseminated in time, to conclude that such cases
have multiple sclerosis. About half of 25 patients with symptoms of
isolated brainstem lesions also showed abnormalities in the central
white matter additional to those in the brainstem.
Vascular disease

(Ormerod et_al. 1984) Eighteen patients with evidence of cerebral
vascular disease, including cases with late onset epilepsy, stroke,
Binswanger's disease, transient global amnesia and haemorrhage (aged 23
to 80 (mean 63) have been scanned. Periventricular abnormalities were
found in 17 and discrete lesions in 18. Although the outline of the
periventricular abnormalities sometimes appeared to be smoother in the
cases with vascular disease than in those with multiple sclerosis the
distinction was often impossible on the scan appearances alone.

Cerebellar degeneration

We have studied 11 cases of primary cerebellar degeneration
classified according to the criteria of Harding (1984). All showed
evidence of cerebellar and/or brainstem atrophy. Three showed
periventricular abnormalities.

DISCUSSION

It is clear that as Young et al. (1981) suggested NMR imaging is a
very sensitive means of detecting abnormalities in the central nervous
system in multiple sclerosis. It is equally clear that while NMR
appearances may be highly suggestive of multiple sclerosis they are not
in themselves specific for it. The position is precisely as Halliday,
Mushin and I expressed it in relation to the role of the visual evoked

potential in the diagnosis of multiple sclerosis in 1973: "an eeeeeese
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abnormality assumes the status of an objective physical sign. It
provides evidence of neurological damage but its exact interpretation
depends on the clinical context.” NMR imaging, like the evoked
potential, is not in its present state of development, capable of making
a specific diagnosis in isolation. It is nevertheless useful in a
diagnostic setting, particularly in relation to patients with
insufficient evidence of anatomical dissemination of lesions to permit a
clinically definite diagnosis to be made and in those patients with
symptoms unaccompanied by abnormal physical signs in whom it is
difficult to establish the existence of organic disease of the central
nervous system.

The origin of the abnormal signals in multiple sclerosis is not
known. Oedema is likely to play a part in the acute lesion. In chronic
lesions, the fibrillary astrocytic reaction may be important (McDonald,
1985).
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Nuclear Resonance Imaging of Multiple Sclerosis
Brain Lesions

L. RUMBACH, M. C. CAIRES, C. SCHEIBER, ]. M. WARTER,
J. CHAMBRON and M. COLLARD

INTRODUCTION

Nuclear magnetic resonance (NMR) imaging of the brain has in late
years been developed into a sensitive tool for clearly revealing lesions
in white matter, and has thus become important in the study of multiple
sclerosis (MS). Here we report preliminary observations made on 49 MS
patients in Strasbourg. Our aim has been to describe the NMR-derived
morphological signs of this disease, and to evaluate the utility of NMR

scans for the diagnosis of MS. (Rumbach et al., 1985).

MATERIAL AND METHODS

Forty-nine patients were examined, 13 men and 36 women, 18 to 60
years of age at the time of the NMR scans, but at variable delays after
MS onset, and at different stages of disease progression. NMR examina-
tions were performed with an experimental scanner assembled from Brucker
brand components. The resistive magnet of (.15 Tesla corresponds to a
proton resonance frequency of 6 MHz. The multiple spin-echo type sequence
we used for signal aquisition is now known to clarify white matter patho-
logy particularly well. Repetition time was 750 msec, and inter—echo time
differed : 12 msec for the back-projection technique, 33 msec for the

2-dimensional Fourier transform technique. Four images can be reconstruc-
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ted from a single cerebral section by the analysis of the first 4 echo
groups. On each patient, 4 l-cm sections were imaged in the transverse
plane at the level of the lateral ventricles.

RESULTS

Forty-eight of the 49 MS patients presented NMR scans with one or
more abnormalities, which we classed as atrophies, parenchymal lesions
or periventricular abnormalities.

Atrophies, seen in 23 patients, were of the cortical- subcortical
type, and varied in severity, being often more pronounced in subjects dis-—
playing a certain intellectual deterioration. Atrophies were always more
evident in images of first-group echos, whereas the other classes of ab-
normalities were seen better on 2nd- and 3rd-echo group images.

Parenchymal lesions of the white matter gave images of variable
forms and dimensions : small bright spots, or, more often, the individual
or multiple patches we saw in 35 patients. The patches were variably roun-
ded and spread out, with clear-cut edges, and were situated in the white
matter of frontal, parietal and occipital cortex, and adjacent to ventri-
cles. Parenchymal lesions differed in intensity in a given section ; some
corresponded to x-ray computer tomographic (CT) hypodensities. Since we
made few sections on each patient, we did not count NMR parenchymal le-
sions ; our impression is that they were much more common that CT hypo-
densities.

Periventricular abnormalities were the most frequent : they were seen
in 43 patients and were of 4 distinct patterns. First, strips encircled
ventricles. Second, bright thicker streaks appeared along the lateral
edges of the ventricles. They extended often to the occipital region as
merging bands, thinning towards the occipital cortex. Third, bright
crescents capped the frontal and/or occipital horns of the ventricles,
usually bilaterally. Fourth, large blotches of various sizes and shapes
were seen.

We were unable to correlate the NMR image abnormalities with the
various clinical parameters studied ; in particular, specific image
patterns were not associated with the stage of MS progression, or with
the state of the blood-brain barrier.

DISCUSSION
The NMR signal amplitude which controls the luminosity of a point

image depends on proton density, weighted by the mean relaxation times T
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and T2 of the tissues. Their increase in degenerative lesions of white
matter is the origin of a contrast with healthy tissue stronger than that
seen in CT scans, and explains the greater sensitivity of NMR images. The
findings of Young et al., (1981), that NMR imaging was more sensitive for
the study of white matter pathology, has since been amply confirmed.

The imaging method and the signal aquisition sequence used are very
important, for they determine image contrast. The spin-echo sequence
yields more information than other techniques, and the analysis of late
echos increases its sensitivity. The spin-echo sequence we used gave an
optimal contrast between normal cerebral structures and characteristic MS
abnormalities. Late-echo images arrive when the relaxation constants of
white matter and CSF cross : at that point, they have the same intensity,
the ventricles are invisible, and the periventricular areas are more
clearly seen. The relaxation times of pathological tissues then remain
higher than those of normal tissues.

It is the general opinion that NMR abnormalities reflect demyelina-
tion lesions. Neuropathological examinations show the juxta- and periven-
tricular localisation of the lesions, and Stewart et al., (1984) have
observed that post-mortem NMR scans of brain section from an MS patient
showed luminous abnormalities at demyelinated areas. The image luminosity
corresponds to a longer relaxation time, which reflects a higher tissular
water content and a modified lipid composition. The quantitative analysis
of the relaxation constants, especially T2 for transverse relaxation,
opens the way to tissular physiological investigations, notably of the
nature of the edema and the degree of demyelination.

The diagnostic valve of NMR abnormalities is not yet clear. In the
subjects we report on the image sensitivity was 98 %, but the population
included only clinically defind MS patients, and the proportion of MS was
abnormally high. In 264 examinations performed in 1984 (including the 49
MS), we found periventricular abnormalities in 40 non-MS patients. Thirty-
seven of the 40 clearly had other diseases(cerebral tumors, vascular
pathology, encephalitis, etc.,) and the last 3 had pyramidal syndromes
still undiagnosed. We thus consider it necessary to extend NMR examination
to a larger population, in order to evaluate specific abnormalities as
criteria of MS diagnosis.
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Neurophysiological Studies in Demyelination
and Remyelination

T. A. SEARS

Through its symptoms and signs Multiple Sclerosis
challenges the neurophysiologist with many basic problems
whose solution should enhance understanding of the disease
process itself, even, perhaps, its aetiology, as well as
offer those suffering from its effects the prospect of
symptomatic relief. But this panacea eludes us still despite
considerable biophysical advances in our understanding of the
pathophysiology of demyelination over the last 20 years. Why
should this be so? As a disease of white matter M.S. shows
clinical manifestations which are understood most simply as
being due to conduction block, or conduction vulnerability,
at sites of demyelination. Presuming that axon continuity is
retained distal to the plaques, then an ideal therapy would
be based simply on restoring an adequate safety factor for
transmission through the demyelinated regions. But since this
has yet to be achieved without unwarranted side effects,
pragmatism must rule. Thus the treatment of spasticity, for
example, is based on that used for 'upper' motoneurone
lesions of quite different aetiology, such as stroke, tumour
or trauma, in which, by contrast, there would be an
irreversible degeneration of fibres (descending or ascending
systems) since intrinsic neurones in general do not
regenerate their axons (cf. Barron, 1983) although many have
the capacity to do so (Richardson, Issa & Aguayo, 1984),.

The physiological abnormalities can be summarized as
slowing of conduction velocity, impaired ability to transmit
trains of impulses and most drastic of all, total conduction
block (see Sears & Bostock, 1981; Waxman, 1982; Bray, Aquayo
& Rasminsky 1982). The amyelinated or thinly myelinated
fibres of the dystrophic mouse have been shown to be sites
for ephaptic cross-talk, where impulses in one fibre may
excite an adjacent fibre, and of ectopic impulse generation
(Rasminsky, 1980). These properties provide a satisfactory
explanation for 'positive' symptoms in M.S. such as focal
epilepsy, paraesthesae or other central sensory syndromes,
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such as trigeminal neuralagia where pain may be evoked by
minimal peripheral stimuli. Similarly, Smith & McDonald
(1982) have demonstrated that the focal lesion induced by
lysophosphatidyl choline is both a site of ectopic impulse
generation and of enhanced local mechanosensitivity, thus
giving an explanation of Lhermitte's phenomenon induced by
neck flexion.

As summarized in Sears & Bostock (1981) there is now
clear evidence that the internodal axon membrane beneath the
myelin sheath is electrically excitable and is able to
support continuous conduction through a region of
demyelination. However, this property does not pre-exist,
since with acute demyelination there is no evidence in the
internodal axon of the'specific inward current which
indicates the presence there of Na channels. Such
excitability takes about 6-7 days to develop, probably
reflecting in part the time course of the particular
pathological process of diphtheria toxin induced
demyelination since with the lysolecithin lesion foci of
internodal inward currents were detected at 4 days. Thus it
is reasonable to suppose that in the case of paranodal
demyelination, the development of electrical excitability at
the widened (or widening) nodes of Ranvier is a recovery
mechanism that offsets the deleterious effect that the
increase in electrical capacity of the widened node has on
the safety factor of transmission. Although continuous
conduction is potentially capable of maintaining nervous
transmission though a 'plaque', the problem remains that the
last normal node of Ranvier may be unable to generate
sufficient outward current at demyelinated axon to excite
electrically excitable membrane. An 'ideal' drug should
simply prolong the duration of the action potential at a
normal node of Ranvier (cf. Bostock, Sherratt & Sears, 1978).
One drug that does this most effectively in an experimental
model is scorpion venom, but clinically usable drugs with
this action have yet to be developed. The normal nodal
membrane lacks K+ channels, so that alternative drugs like 4-
aminopyridine, which blocks K+ channels, can only prolong
action potentials in demyelinated axons where pre-existing K+
channels are exposed. Although this can help secure
tranmission through a region of demyelination, side effects
can be expected, since presynaptic action potentials are also
prolonged in duration (Konishi & Sears, 1984) leading to
enhanced transmitter release and the posibility of
unwarranted side effects (Sears & Bostock, 1981). Results
with 4-AP that should encourage further research along these
lines were however obtained by Jones, et al (1983) without
adverse side effects on patients with (labile visual
symptoms, but not in those with stable spinal lesions. In
this regard it is unreasonable to suppose that chronic
spasticity would be quickly reversed if conduction were
restored in the relevant axons since the 'spastic' element
itself has an insidious evolution, dependent, as it must be
on a variety of mechanisms (cf. Kirkwood, Sears & Westgaard
1984; Mendell, 1984).
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The recent imporant finding that trains of impulses
induce a membrane hyperpolarization which contributes to
blocking of demyelinated fibres by raising their threshold
(Bostock & Grafe, 1984) means that future pharmacological
approaches to symptomatic therapy are likely to involve drug
cocktails which act on different channels and pumps in nerve
membranes that display infinitely more heterogeneity in
properties then suspected a decade ago. Equally important is
that different experimental models of M.S. should be
comprehensively studied so as to ensure that the clinical
signs are caused by CNS lesions and not due to peripheral
nerve (e.g. D.R. ganglion) lesions as recently demonstrated
for acute EAE in the rabbit (Pender & Sears, 1984).
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Horizontal Eye-Movement Abnormalities in
Multiple Sclerosis and Optic Neuritis

E. A. C. M. SANDERS and ]J. P. H. REULEN

INTRODUCTION

The development and application of objective non-invasive techniques
for the monitoring of neurological function or disease activity is of in-
creasing interest to clinicians, in particular, as diagnostic aids for
the detection of diseases in which diagnosis is difficult, of which mul-
tiple sclerosis (MS) is perhaps most important.

The diagnosis of MS rests on objective evidence concerning the presence
of at least two lesions in the central nervous system (Schumacher et al.,
1965). On the basis of the clinical evidence, MS in a given patient may
be classified as definite, probable or possible (McAlpine et al., 1972).

Various invasive and non-invasive methods for the detection of sub-
clinical lesions are currently available to increase certainty and
reliability of the clinical diagnosis, and to provide additional support
for the diagnosis in a monosymptomatic or early state of the disease. A
few studies on oculomotor recording have been published (Mastaglia et al.,
1979; Sharpe et al., 1981; Reulen et al., 1983). They all concluded
that oculomotor examination is potentially most usefull for the detection
of subclinical lesions of the oculomotor system of MS patients. As far as
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we know only Tackmann et al. (1980) combined a number of non-invasive
electrophysiological tests to detect the diagnostical value of his eye
movement recording method.

In the present study, abnormal oculomotor test results will be com-
pared with the results of three other electrophysiological diagnostical
techniques:

1. Auditory brainstem evoked response (ABER);

2. Somatosensory evoked response (SSER);

3. Blink reflex.

This in order to find out which contribution to the diagnosis of MS is
obtained by the eye-movement test.

PATIENTS

A11 patients were examined during a period lasting one year. The
patients' material comprised 89 MS and 25 ON patients. The MS patients
were classified according to the clinical criteria of McAlpine et al.
(1965) into definite (n=31, mean age 48 years, mean duration of disease
14,5 year, mean Kurtzke DSS-score 6,7), probable (n=31, mean age 41, mean
duration of disease 7,5 years, mean Kurtzke DSS-score 3,7) and possible
(n=27, mean age 37 years, mean duration of disease 5,1 years, mean
Kurtzke DSS-score 1,6).

METHODS

The horizontal saccadic and smooth pursuit eye-movement signals
(ENG) were recorded by the method developed and described by Reulen et al.
(1983, 1985). The auditory brainstem evoked responses (ABER) and soma-
tosensory evoked responses (SSER) were recorded with an averaging method.
The interpretation of the SSER was based on the differences of latencies
between the N14-N20 peaks only (Sanders et al., 1984a+b). The latency of
the blink reflex was measured using the method described by Ongerboer de
Visser and Goor (1974) and Kimura (1975). Statistical analysis was per-
formed by the wilcoxon Chisquare or Kendall tau B and tau C tests.

RESULTS

Abnormal prolongation of saccadic latency was found in 80 percent of
the definite, 55 percent of the probable and 24 percent of the possible
MS patients. In total 49 of the 89 (55 percent) showed abnormally pro-
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Tonged mean saccadic latencies. Eight of the ON patients (32 percent)
showed an abnormal mean saccadic reaction delay (Table 1).

Table 1 Incidence ( ) of different ENG-abnormalities in 89 Multiple
Sclerosis and 25 Optic Neuritis natients

Electrophysiological Definite Probable Possible Total oN overall
eye movement disorders n=31 n=31 n=27 n=89 n=25 n=114
5 2 50
Saccadic latency 80 58 30 57
27
Saccadic velocity 65 13 22 3 4
ENG/INO 61 13 22 33 4 2
21
Saccadic accuracy 32 29 18 27
47
Smooth pursuit 7 52 37 55 20
Total eye movement
63 76 36 68

abnormalities 84 80

A high incidence of internuclear ophthalmoplegia (INO) was found
among clinically definite MS patients (53 percent) as compared with 17
percent and 15 percent in the possible group. One patient with ON showed
a bilateral INO on oculomotor testing. The number of subclinical INO's
found among multiple sclerosis was high in all categories (definite 60
percent, probable 60 percent, possible and ON 100 percent).

The incidence of abnormal pursuit eye-movements decreases successi-
vely from the definite (76 percent) through the probable (52 percent) to
the possible (28 percent) categories of MS patients. Three ON patients
showed cogwheel pursuit abnormalities without any other oculomotor dis-
turbancy.

The ABER, SSER and blink reflex recordings all gave statistically
the highest percentage of positive abnormal results in the clinically
definite group (Table 2).

Table 2 Percentage electrophysiological disorders 1n 89 Multiple Sclerosis
and 25 Optic Neuritys patients

Test Definite Probable Possible Total ON Overall
n=31 . n=31 n=27 n=89 n=25 n=114
ABER 84 74 59 73 32 64
SSER N14-N20 97 68 41 70 20 59
Blink reflex 81 65 56 67 12 55
ENG (total) 84 80 63 76 36 68

Total 100 97 81 93 a4 83
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The significant associations between the various tests and the
recorded eye-movement disorders are presented in Table 3. One correlation
not shown in this table was that found between clinical INO and the first
response of the blink reflex (R1, p < 0.05). When subclinical INO's were
included, bringing the total number up to 29, the association with RI1-
blink-reflex abnormalities remained significant (p < 0.005).

An association between overall blink-reflex disorders and clinically as
well as subclinically (ENG) detected INO's was not found however.

Of the ENG parameters, the saccadic accuracy abnormalities did not cor-
relate with any of the "brainstem tests" (ABER, blink reflex, INO, SSER,
saccadic latency).

Table &
Table 3

se yield of detected electrophvsiological
Association between eve movement disorders and Increase yield of o o

1 hysiological abnormalities abnormalities by combining two or more tests
drfferent electrophysiologica orma :

Blink ENG/INO Smooth

SSER )
N14-N20  reflex pursuit (ombination of electro- Multiple sclerosis Optac neuritas Total
o v - .- physiological tests n =89 n=25 n= 14
Increased sacc latency 39 12 4t 11 24 27 37 14 . . .
Normal  sacc. latency 26 12 20 18 5 33 12 26
" n= 2 p=0,003
p=0 001 p=0.02 p=0.02 v I e 2 1 "
ABER 7 32 64
SSER Rlink \v\uwlu SSFR N14-N20 69 20 59
4820 reflex Accuracy 0
M ’ Blink reflex BR 67 12 55
v + +
Abnormal smooth purswit 39 10 "1 220 ENG + ABER 9 40 a
Normal  smooth purswit 237 218 4 % ENG + SSER N14-N20 88 40 77
p=0 04 p=0 04 p=0 0025 SSER N14-N20 + ABER 87 6 75
SOFR N14-N20 + BR 87 28 7%
b = level of significance of the two parameters considered ABFR + BR 43 1 1
NG+ 2 7
4+ test result abnormal ING 4+ BR 82 32
~ test result normal ‘
FNG + ABER + SSFR N14-N20 93 b 83
NG + SSFR N14-N20 + BR 93 4“0 82
ABER + FNG + BR 92 40 81
ABER 4 SSER N14-N20 + BR 91 40 80
ABER + SSER N14-N20 +
NG+ BR 93 I 83

As compared to the other three tests the ENG-test revealed the
highest percentage of clinical and subclinical disorders: 100 resp. 69%;
ABER 83 resp. 66%; blink reflex 81 resp. 58% and SSER N14-20 85 resp.
51%. The yield of detected electrophysiological abnormalities increased
when 2 or more tests were combined (Table 4). The combination of ENG and
ABER tests revealed a total of 82 (92%) abnormalities. The addition of a

third test or the combination of all four tests provided essentially no
greater yield.
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DISCUSSION AND CONCLUSION

As mentioned in the Introduction, detection of two CNS lesions is
considered mandatory for the diagnosis of MS. Now it goes without saying
that these two lesions will not always occur at the same time. In the
interest of early detection of MS, it is thus highly desirable to have
simple, non-invasive screening tests which can be applied to patients
who already show one symptom, indicating the possibility of MS, in order
to allow the second (subclinical) symptoms - if present - to be detected
without having to wait for it too, to reach the clinical stage.

The ENG-test as applied in the present study reveals most symptoma-
tic and asymptomatic lesions in the central nervous system. The ENG test
happens to be the one which is least dependent on parameters, such as the
patients age, disease duration or disability, hence the ENG-test is the
most suitable one as a diagnostic tool, especially in early stages of MS.
The yield of detected electrophysiological abnormalities increases when
two or more tests are combined. Addition of a third test only yielded 1%
of new information for MS and 4% for the ON patients while the combina-
tion of all 4 tests did not increase the information yield any further.

The numbers of electrophysiological abnormalities detected in our
25 ON patients is of the same order as that reported by Feasby and
Ebers (1982). Our overall data indicate the presence of one or more
electrophysiological abnormalities in 11 ON patients, adding strength to
the supposition that ON may be regarded as a possible early sign of MS
(Sanders et al., 1984a+b). Only a prospective study of this ON patient
group may give an answer to the question whether these ON patients
really run a higher risk to develop MS in the future.
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The Vestibulo-Ocular Reflex in Multiple Sclerosis

P. L. M. HUYGEN, E. ]. J. M. THEUNISSEN and O. R. HOMMES

INTRODUCTION
It is well-known that a large proportion of patients with MS may have some
type of vestibular disorder with dizziness as a possible symptom from a
relatively early stage of the disease. For a review, we refer to a prev-
ious paper on this subject (Huygen, 1983). Since this previous study, we
learnt more about normal and abnormal rotatory responses and therefore we
decided to study the vestibulo-ocular reflex (VOR) again in an entirely
new group of patients. A more thorough vestibular analysis is now attempt-
ed. Optomotor responses were also examined; the correlation with the VOR
findings has been also considered in the previous report. The results of
the VS tests comprise only the first examination as far as the incidences
of the various types of response are concerned. This avoids ambiguity of
results, since a considerable variation of responses with time may be
found, which will be also dealt with. The differential diagnosis will be

discussed.

MATERIAL AND METHODS

Velocity steps (VS) of 900/5 were performed after constant rotation, in
clockwise and counterclockwise direction. Such VS elicits a postrotatory
nystagmus response with exponentially decaying slow phase velocity (SPV).
The patient was seated on a rotatory chair (Ténnies) in total darkness
with eyes open and auditory (non-oriented) communication, to keep him

alert, with the head 30° in anteflexion to place the horizontal semicirc-
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ular canals in the earth-horizontal plane of rotation. Nystagmus was meas-
ured with dc-electro-nystagmography and analyzed as previously reported
(Huygen, 1979; 1983). Details of ocular motor tests can be found in the
latter report. Calibration of horizontal eye movement was done before the
start of each rotation. The response parameters relevant to vestibular
diagnosis are: V, initial velocity (O/s) of SPV of postrotatory nystagmus;
T, the time constant (s), i.e. the time needed to let SPV decay from V to
0.37V and G, which is the product VT (O), designated by others as 'low-
frequency gain' (Baloh et al., 1984). Asymmetry is measured by the direct-
ional preponderance (DP) values: DP(X) = 100%(Xr—Xl)/(Xr+Xl), in which X
denotes a general variable name and the subscripts r and 1 right- and
left-beating nystagmus. The normal values established in a group of 20
normal subjects were used: V = 30-65°/s, T = 11-26s, G = 485-1135°;

DP (V) = %28%, DP(T) = 225% and DP(G)= 122% (Theunissen et al., 1985). For
the findings in each nystagmus direction a special notation is used, which
is called a 'response pattern' or 'VTG pattern'. The following is an ill-
ustrative example: V-TOG+; O indicates a normal value, - a significant low
and + a significant high value. Such patterns are useful in vestibular
diagnosis (Huygen & Nicolasen, 1985). The patients were 130 consecutive
patients, able to sit upright, fixed with a safety belt if necessary, in
whom VS tests in 2 directions were completed. They have been selected
afterwards on the diagnosis definite MS, absence of concomitant other dis-
eases and hearing disorders and not taking drugs that might influence the

VOR.

RESULTS
From Table I it appears that abnormal (overall) types of VOR response
were found in 94 patients, i.e. 72% (Table Ia). The designations of abn-
ormal response types are explained in this table. Five of the patients
with normal responses had a significant DP, of the DP(G) type in all cases
(Table Ib), which increases the total number of patients with abnormal VOR
to 99, i.e. 76%.

There was no significant preferent combination of response and DP
types. Examples of various types of VS responses are shown in Figs 1-2.
The occurrence of a very short time constant in the Vh or Vm types of
response (see Table Ia for explanation) such as shown in Fig.1C (i.e. 3s)

appeared to be strongly associated with the presence of ocular motor def-
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Table I: No. and % of patients by overall response type (a) or DP type
(b) . The overall response type is the response type per pat-
ient, i.e. the result of the combination of 2 single response
types, 1 for each nystagmus direction. The symbols h, H, m
and ? are introduced and explained in the line headings of
Table Ia. In Table III they appear as indicated and in Table
IVa and in the text the corresponding response types are ind-
icated as Vh, VH, Vm and V? As is clear from Table III, the
pattern code for the single response type h contains - signs
only, that for the H type + signs only and that for the m type
both - and + signs (apart from 0). This also holds for the ov-
erall response types, but in addition the m overall type may
consist of 1 h and 1 H type of single responses. Examples of
all response types are shown in Figs 1-2 and an example of a
DP (T)+DP (G) type is shown in Figs 2A-B.

Table Ia Table Ib
Overall no. of %
response patients DP type no. of
type patients
normal (n) 36 28 DP (V) 1
hyporeactive (h) 12 9 DP (T) 2
hyperreactive (H) 58 45 DP (G) 10°
mixed (m) 18 14 DP (V) +DP (G) 1
indeterminate (?) 6 5 DP (T) +DP (G) 10
Total 130 100 Total 24,i.e.18%

a) including 5 patients with
bilateral normal response
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Fig.l. Four different types of VS responses in 4 different patients.

In each panel the computer plot is shown of SPV (of each analyzed nystagm-
us beat in /s on a logarithmic scale, R and L indicating the direction of
the fast phase of nystagmus) against the time (s) after stopping the rot-
ation. The regression lines were fitted by eye and V and T (time at SPV =
0.37V) can be read from the scales at the intersection points with the
drawn horizontal and vertical lines. The histograms are designed for fac-
ilitating the detection of left-right asymmetry; they can be ignored here.
The response patterns are: A, VOTOGO (n type in Table I); B, VOT+G+ (VH);
C, V+T-G- (Vm); D, V+T?G? (V? type). The patterns in C and D have inter-
esting features. In C, T is extremely short (3s), probably due to ocular
motor disturbance. The curved course of SPV shown in panel D was presumab-
ly caused by summation of the usual exponentially decaying component and a
static offset component. This effect occurs if SPV is plotted on a logar-
ithmic scale and spontaneous nystagmus is present. It then occurs in the
direction of spontaneous nystagmus only (see Fig.l of Huygen & Nicolasen,
1985) . The difference in the present case is that this curvature was shown
symmetrically in two directions in absence of nystagmus without rotatory
stimulation. Such response behaviour is typical of release from inhibition
and thus consistent with the concept of VH.
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Fig.2. The variability of the VS responses of a patient during follow-up.
A-B, exam 1, right- and left-beating responses. The response patterns are
V+TOG+ (A) and VOT-G- (B); DP(T) and DP(G) are significant. C-D, exam 2,
14 months later. The patterns are now V+T+G+ (C) and VOTOG+ (D) and DP
values are within normal limits. It is clear that the right-beating resp-
onse (B, D) changed more than the left-beating response (A, C). The resp-
onse in B is of the Vh type, the others are of the VH type. The combinat-
ion of a (single response) VH type (A) in one and a Vh type (B) in the
other direction constitutes another overall Vm type of response in this
patient at exam 1 (see definition in Table I).
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icits such as gaze nystagmus, slowing or dysmetria of saccades and/or def-
ective smooth pursuit and optokinetic nystagmus. Such deficits were pres-
ent in about 80% of the patients with Vh or Vm overall response types,

which is exceptionally high.

All (3) response parameters could be evaluated in both nystagmus dir-
ections in 250 VS tests. In Table II the frequencies of normal and signif-
icant low or high values of each parameter are presented with their prob-
abilities. The frequencies of significant high and low values were gener-

ally significantly higher than expected (250 x 0.025), except for low V,

Table II: Incidence and probability (in parentheses) of
parameter values being within normal limits (0),
significantly low (-) or high (+), both at 5%
level, for V, T and G for both nystagmus dir-
ections combined.

v T G

- 2 41 24
(0.008) (0.164) (0.096)

0 148 180 143
(0.592) (0.720) (0.572)

+ 100 29 83
(0.400) (0.116) (0.332)

Total 250 250 250

(1) (1) (1)

which had a significantly low frequency (Poisson statistics). Table III is
a survey of the frequencies of all the VTG patterns found with an indicat-
ion to which type of single response (defined similar to the overall types
in Table Ia) they belonged. Some of the most frequent patterns are ill-

ustrated in Figs 1-2. It is clear from Table III that of the primary resp-

onse parameters (V and T), V is most often involved in the VH patterns.
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Frequencies of the various VTG patterns of the single
responses (N=260) in 130 patients. If the column head-
ing is placed directly behind the line heading, the
notation of the ccrresponding VTG pattern will appear.
The response type is indicated for each pattern (see
codes in Table I) and it is shown by the + and -
signs in superscript whether the frequency is signif-

icantly high or low (according to Poisson statistics
or chi-square test) as tested against the expected

Total of types:

frequency (not shown) calculated with the data of
Table II. Examples of response patterns are shown in
Figs 1-2.
GO G- G+ G?
+ - -
vOTO 97n 4h 12H
+ —
vOoT- 7h 9h 0
vOT+ 4H 14H
v-TO 1h
V-T-
V-T+ im
V+TO 198 0 47H
+ -
V+T- 16m 10m 0
- +
V+T+ 0 9H
v+T? 10?
n h H ?
97 21 105 10
(%) (37) ( 8) (40) (4)

The transitions that occurred between the overall response types

during follow-up are presented in Table IVa. There was much variability,

which is also clear from the fact that transitions-occurred between resp-

onses with and without significant DP and among the various DP types

(Table IVb). Only the VH response type was maintained significantly often.

The combined proportion of responses of the Vh and VH types increased

(from 0.50 to 0.64) at the cost of the other types.
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Table 1IV: Transitions between overall response types (a) and DP
types (b) among 44 repetition-tests (2 months - 2 years
apart) in 34 patients. See Table I for symbols. +,
significantly high frequency (chi-square test or Poiss-
on statistics). Fig.2 shows an example of the shift
from a Vm to a VH type and disappearance of DP(T)+DP (G)

type.
Table IVa Table IVb
Overall response type DP type
after after
Before Vn Vh VH Vm v? Before no T G T+G
vn 4 3 2 1 no 35 3 1
Vh 2 1 T 1
+
VH 3 15 1 G 2
vm 3 2 4 T+G 1 1

v? 1 1 1

DISCUSSION

Most of the response types were consistent with VH. The properties of the
Vm and Vh types are not quite clear. T- is a component common to these
types. It was striking that the time constant was very short (about 3s,
see Fig.1C) in some patients, even shorter that the primary afferent time
constant of the VOR in primates (5-6s, see Willson & Melvill Jones, 1979).
This finding appeared to be strongly associated with the presence of
ocular motor deficits. We have seen the concomitant appearance of T- type
and ocular motor dysfunction in some patients as well as a corresponding
lateralization of both these features. The presumed deficit is a faulty
central integration.

In a previous study on rats with experimental allergic encephalomyel-
itis (EAE) as a model of demyelinating disease, the major findings were an

abnormal VOR in all animals with a significant increase in time constant
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(Huygen & Brinkman, 1984). The responses in the affected animals changed
from normal to VH within one day (Brinkman & Huygen, 1984). This makes it
unlikely, that the increase of T could have been due to vestibular dishab-
ituation, as previously suggested in the case of patients (Huygen, 1983).
Although, in general, cerebellar or brain stem dysfunctions are viewed as
possible causes of VH, the occurrence of VH in the EAE rats, in the light
of evidence presented by others for this animal model, seems to favour a
brain stem lesion, presumably involving the vestibular nuclei and/or comm-
issure (see previous reports for references).

The differential diagnosis of abnormal VS responses comprises ear
disease, posterior fossa disease and the hyperventilation syndrome (HVS)
(Huygen & Nicolasen, 1985). The occurrence of types of VH involving V+TO
or VOT+ patterns in patients with ear disease makes clear that an ear
inspection and audiogram are obligatory in combination with VS tests,
which is generally true. Keeping this in mind, the exclusion of such caus-
es of VH should not be too difficult. More problematic is the exclusion of
other possible causes of VH. The exclusion of grebellar disease not due to
MS may be troublesome for obvious reasons. Quantitatively more important
is the HVS, which we have found in 75% of patients with VH, with exclusion
of other possible causes. On the other hand, a similar high percentage
(77%) was found for VH in patients with proven HVS without other disorders
(Theunissen et al., 1985). It was also found that patients with MS and VH
may have ventilatory characteristics typical of a HVS. Patients with HVS
having VH show response patterns similar to those found in MS (Huygen &
Nicolasen, 1985). When taking the medical history of the patient, the
possibility of HVS with its broad spectrum of symptoms and signs, should
be kept in mind if VH is found.
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New Possibilities in the Diagnosis of
Multiple Sclerosis by Accurate Registration
of Eye Movements with the DMI Method

L. ]. BOUR and ]. DE VETH

INTRODUCTION

It has been known since long that multiple sclerosis very often is
accompanied by deficient eye movements. With respect to saccadic eye
movements several pathological phenomena can be observed and in many
patients a so called internuclear ophthalmoplegia (INO) becomes manifest
(Cogan et al., 1950; Baloh et al., 1978; Reulen et al., 1983). Due to the
reduction of eye velocity of the adducting eye and the “"overshoot" of the
contralateral eye in INO, maximum velocities Tie outside the normal stan-
dard deviation of the main sequence (Bahill et al., 1975). Abducens pare-
sis or even paralysis of the eyes in MS can occur, cerebellar dysfunction
can cause dysmetria of saccades (Selhorst et al., 1976). Some cases also
show oscillatory eye movements (opsoclonus) or saccadic overshoots (Zee
and Robinson, 1979). With respect to the tracking eye movements in MS the
ratio between eye velocity and target velocity of the smooth component is
reduced, especially for vertical pursuit (Baloh et al., 1978). Asymmetries
can be observed between leftward and rightward or upward and downward pur-
suit. Furthermore, due to the reduced gain, tracking will become saccadic.
As a last deficit the gaze evoked nystagmus is mentioned here, which is
thought to be caused by impaired functioning of the neural integrator
(Zee et al., 1980).

Most of the eye movement research in MS has been performed with EOG
since it is non-invasive, cheap and can be used routinely in the clinic.
However, the EOG method has many drawbacks due to the large amount of arti-
facts. Due to the unfavourable S/N ratio of EOG, saccades smaller than 2
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degrees cannot be reliably measured. Furthermore, slow eye movements can-
not be distinguished from EOG drift. Another serious artifact is variabili-
ty in EOG gain during an experiment. Schlag et al. (1983) reports that a
new calibration is necessary after time intervals. We measured (see Results)
that even within 1 second this gain can change a few percent. Moreover, the
EOG signal is a filtered version of the actual eye movement (see Results).
Vertical eye movements measured with EOG are completely unreliable and dis-
rupted by eye blinks.

We report here results obtained with the double magnetic induction
(DMI) method which is much more accurate than the EOG method. This DMI
method has the advantage with respect to the classical electromagnetic
method, that is more adapted to clinical use and experimenters who use al-
ready the classical electromagnetic method with a search coil have to per-
form only slight modifications to change over to DMI. Results obtained with
DMI and EOG both will be compared and the specific advantages of the use of
the DMI method in MS will be discussed.

METHOD

Eye movements of the subject's eye were measured with the DMI method
described by Bour et al. (1984). With this method horizontal as well as
vertical eye position are detected indirectly by determining the strength
of the induced secondary magnetic field of a metallic ring on the subject's
eye (Fig. 1) caused by an alternating primary magnetic field. The secondary

FIGURE 1  Close-up of the human eye with the metallic ring placed on
the sclera.
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induced field is picked up by a detection coil placed in front of the eye
without the need of connecting wires. The use of a metallic ring instead of
a search coil (classical method) has considerable advantages. There are no
vulnerable connecting wires, irritation by the ring is minimal and visual
acuity remains good. Within the -10,10 degrees range the method does not
deviate from linearity more than 0.1 degree and its accuracy is 3'. Beyond
this range the data are corrected for nonlinearities. The subject's head
was stabilized by a chin rest and a tie around the head in order to reduce
drift. An extra drift compensation was performed electrically by subtrac-
tion of a certain amount of the quadrature signal from the in-phase signal.
Normally drifts are smaller than 0.25 degree. Eye position signals were
low-pass filtered (- 3 dB at 150 Hz), FM-recorded on tape (Bell & Howell)
and afterwards digitized with a sample frequency of 500 Hz and stored in
the computer (PDP 11/34). In order to measure EOG Beckman electrodes were
used and the amplified signals (1000x) were low-pass filtered and handled

in the same was as the DMI signals.
RESULTS AND DISCUSSION

Figure 2 shows saccadic eye movements of a normal subject measured
simultaneously with the DMI method and the EOG method. The subject was
asked to track a target that succesively jumped from 15 degrees eccentri-
city at the left to 15 degrees at the right and vice versa. The figure
shows clearly that in adduction EOG shows an overshoot of about 10% of the
final amplitude after 400 ms. It can also be observed that the second
corrective saccades, with an amplitude of about 2 degrees, are seen in the
DMI recordings buti not in the EOG signals.

FIGURE 2  Saccadic eye movements in a normal subject measured simultane-

ously with the DMI method and the EOG method. For further
explanation see text.
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The left panel at the top of Fig. 3 again shows the eye position sig-
nals of Fig. 2 (DMI), but now in the top panel at the right the velocity
profiles of these saccades are shown. The two figures at the bottom of Fig.
3 demonstrate for one saccade the difference between the velocity profiles
calculated from the DMI and EOG signals (same algorithm). For this adduc-

ting eye movement (left eye) maximum velocities of EOG are too high and
strongly perturbed by noise.

FIGURE 3  Velocity profiles calculated from the DMI-recordings (top

figure) and a comparison between a velocity profile computed
from DMI and from EOG signals (bottom figures).
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In MS patients saccadic as well as pursuit eye movements were measu-
red with the DMI method. The Figures 4, 5, 6 and 7 show some examples of
DMI eye movement registrations, that cannot be obtained with EOG and they
emphasize that the diagnosis of MS by means of eye movements can be exten-
ded to an earlier stage by virtue of the sensitivity of the method.

Figure 4 shows the velocity profiles of the left eye of an MS patient
with an INO. The patient was asked to track a target that succesively
jumped from 10 degrees at the left to 10 degrees at the right and vice
versa. Changes in the shape of the position signal can be appreciated
more clearly from these velocity profiles and maximum velocity can be used
as a quantitative parameter in the diagnosis of MS (van Munster et al.,
this book).

FIGURE 4 Saccadic eye movements and velocity profiles of a MS patient
with a bilateral INO (only the left eye is shown).
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Figure 5 shows the test of the velocity ratio (see Introduction).
Horizontal and vertical eye movements were measured in a patient with
juvenile MS (aged 11). This patient had to pursue a small circular target
that moved with a continuous velocity of 10 O/s between -10 degrees and 10
degrees horizontal or vertical positions. The traces at the top and the
bottom represent the horizontal and vertical pursuit, respectively. In two
traces the actual eye movement and the averaged horizontal eye velocity
are shown. The Tables under the two traces represent the average velocity
ratio of the cumulative smooth part of the eye tracking. Values of zero
and 1 mean no and optimal tracking, respectively. The patient has an im-
paired horizontal pursuit from left to right and vertical pursuit is also
subnormal.

FIGURE 5  Optomotor test of the velocity ratio obtained in a patient with
Juvenile MS. For further explanation see text.
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Figure 6 shows two different eye movement deficiencies in the same MS
patient. At the top of Figure 6 a small burst of oscillatory activity
during pursuit is shown. At the bottom of Fig. 6 a hypermetric saccade and
two corrective saccades afterwards are shown. At this stage of disease the
extent of hypermetry is still Timited.

FIGURE 6 Oscillatory behaviour during pursuit (top figure) and hyper-
metria (bottom figure) in the same MS patient.
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As a last result Fig. 7 shows at the right a reconstruction of the
netto motoneuron activity pertaining the saccadic eye movements that are
shown at the left (same saccades as in Fig. 4). By an inverse method these
“pulse step" signals can be reconstructed (van Opstal et al., 1985). A
prerequisite for this procedure are low noise registrations such as can be
obtained with the DMI method. A first inspection of this reconstructed
signal learns that mainly the pulse is affected by the demyelination of
the MLF (medial lateral fasciculus) in MS.

FIGURE 7  Saccades and pulse step reconstruction of the left eye of a MS
patient with a bilateral INO. For further explanation see text.
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A Parametric Study of Saccadic Eye Movements
in Follow-up of Normals and
Multiple Sclerosis Patients

E. T. L. VAN MUNSTER, P. L. M. HUYGEN,
L. J. BOUR and O. R. HOMMES

INTRODUCTION

The study of saccades in MS is worthwhile, since so many of the
patients, at some stage of the disease, have or develop some form of
saccade pathology. The saccade test is an easy test, feasible in almost
any patient and completed in a few minutes. Saccadic slowing may be found
in relation to internuclear ophthalmoplegia (INO) and other types of
ocular motor pathology. Although parametric studies of saccadic slowing
in MS have been performed before with electro-oculography (EOG) (for re-
view see Leigh and Zee, 1983), attempts to define objective oculomotor
scores and correlate them with clinical scores, which was the aim of the
present study, have not been made before, as far as we know. For the study
of follow-up, especially for evaluating the results of attempted treatment,
the introduction of useful objective scores would be favourable.

MATERIAL AND METHODS

Horizontal saccades were elicited by jumps of a visual target over
20 deg. For bedridden patients the target was displayed at the ceiling.
The horizontal movement of each eye was measured with dc-EOG. A wide-
band system (0-100 Hz) was used with monocular leads from both canthi of
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each eye. A ground electrode was attached to the forehead and a vertical
lead served as a blink detector. The signal was sampled at 250 Hz (2
channels, one for each eye) for subsequent computer analysis. This analy-
sis was performed with automatic detection of on- and offsets of primary
(i.e. non-corrective) saccades in each eye position signal separately,
followed by interactive checking on unsuitable or disturbed saccades
(e.g. coinciding with eyeblinks). Calibration was done interactively with
a programme in which a videocursor was used to identify the ontarget
parts of the eye position signal. A differentiation algorithm (Usui and
Amidror, 1982) was used to obtain saccade velocity profiles. Four sets

of output data (for adduction and abduction of each eye) were obtained,
each containing mean and SD of saccade amplitude (A) and maximum velocity
(V) of all selected (i.e. 3-13) saccades.

74 Patients with definite MS and 15 subjects with normal eye move-
ments (i.e. ENT patients) were measured twice at intervals of 3-55 months.
During this interval the patients received immunosuppressive therapy in
the form of intensive immunosuppression (IIS) with 400 mg cyclophospha-
mide and 100 mg prednison daily for 20 days and/or chronic immunosuppres-
sion (CIS) with 100 mg cyclophosphamide and 10-50 mg prednison daily for
at least 1 year.

The parameter V/A (s'1 ) was selected on account of a previous study
on the metrics of normal and disturbed saccades. Values equal to or smal-
ler than 16.2 s-1 or equal to or greater than 26.4 s~' indicate pathology
(both at 2.5% tail probability). This previous study also showed that the
(4) values of V/A for adduction and abduction of both eyes could be
pooled in the normal subjects. Although the absolute values of A and V
for ad- en abduction differ from each other, the relative differences
between ad- and abduction were equal for both parameters.

In the study of the normal subjects a very suitable parameter for
follow-up evaluation appeared to be the sequential relative difference
(SRD) of V/A: SRD = (V/A before -V/A after)/(V/A before +V/A after). "Be-
fore" and "after" means before and after immunosuppression. SRD has a
normal distribution with mean and SD leading to 95% confidence limits at
+/-0.08 (exclusive).

Oculomotor scores 1, 2, pattern change score A and pattern shift
score B are defined as shown in Fig. 1 and 2. The "combination score" (C)
is the sum of the scores A and B, which are more or less complementary.
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Fig. 1: Definitions of the oculomotor scores 1 and 2 and the

pattern change score (A). The change of bilateral
slowing of adduction (INO) at exam 1 back to normal saccades
at exam 2 is depicted. A significant lTow V/A value leads to a
separate score of -1 (normal 0). Scores 1 and 2 are the sums
of the 4 corresponding separate scores. The separate change
scores indicate the numerical difference between two corres-
ponding separate scores at exam 1 and 2 (+1 is improvement,
-1 is deterioration). The pattern change score (A) is the sum
of the separate change scores. The pattern codes (not shown
here) are obtained by reading the separate scores whilst
omitting the digits 1 and retaining the signs and zeros which
are combined in one character string: e.g. the oculomotor
score at exam 1 in our example is 0--0.
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Fig. 2: Definition of the sequential relative difference

(SRD) and the pattern shift score (B). The obser-
vations and V/A values are the same as in Fig. 1. The separate
shift scores are assigned after the SRD value of each saccade
has been calculated as illustrated. The separate shift score
+1 denotes a significant increase (SRD >0.08); -1 denotes a
significant decrease in V/A value (SRD <-0.08). The pattern
shift score (B) is the sum of the 4 separate shift scores.

The pattern shift code (not shown) is defined similar to the
other pattern codes.
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A minus sign of such a score indicates pathology or deterioration, depen-
ding on whether the score pertains to an oculomotor status (at exam 1 or
exam 2) or a status change (from exam 1 to exam 2). Alternative scores
were also derived, which were based on the assumption that a significant
low value of V/A does not necessarily indicates saccadic slowing if the
saccade concerned is hypermetric (overshoot). Exclusion of Hypermetria
leads to the definition of "ex patterns" and the "ex scores" 1, 2, A and
C, indicated as 1 ex, 2 ex, A ex, C ex. The ex patterns conform with the
clinical diagnosis of oculomotor pathology: e.g. the pattern code 0--0
(see example in Fig. 1) indicates bilateral INO, where the original oculo-
motor pattern code may have been --- if including the significant low
V/A values of the overshooting (abducting) saccades.

The scores DSS (disability status score), FS (functional system) and
BS (brain stem score as part of FS) of the scoring system of Kurtzke
(1970) were used. The shifts in these scores are symbolized by
S (DSS), S (FS) and S (BS); a minus sign indicates improvement: e.g. DSS1
= 7 (severe invalidation) becomes 0552 = 5 (less deterioration), so the
shift will be: S (DSS) = -2, i.e. improvement.

RESULTS

Important pattern shifts and pattern changes are presented in
Table 1. For each pattern shift the expected frequency was calculated and
tested against the frequency found (by using Poisson statistics and
tables). Some frequencies found appear to be significantly high (indica-
ted by the affixed + sign in Table 1). It appeared from the pattern
shifts (related to significant values of the SRD), that the frequencies of
slowing of unilateral adduction, conjugate gaze and all saccades were
significantly higher than expected. The same holds for the frequencies of
speeding up of bilateral abduction, conjugate gaze, monocular and all
saccades. It can be seen that these findings were not always related to
the findings apparent from the pattern changes (pertaining to the change
in V/A status of each saccade) with inclusion (in) or exclusion (ex) of
significant low values of V/A associated with hypermetria. In particular,
the clinical picture apparent from the latter (ex) pattern change did
not confirm the high incidences of patterns associated with slowing. The
relatively high incidence of speeding up patterns was confirmed except
for the monocular pattern.
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The cross-correlations of the parameters as defined before were
calculated from cross-tables such as presented in Table II. Only the
cases with significant individual change in saccade pathology were in-
cluded in the calculation of the presented coefficients. Part of the
correlation matrix is shown in Table III. Oculomotor scores (1 or 2) were
significantly correlated with the clinical scores (1 or 2), but not with
the shifts in clinical scores. The scores related to changes in saccade
pathology, i.e. the scores A, B and C were strongly cross-correlated.
Score B was significantly correlated with the shifts in clinical scores
and so was score C; this does not hold for score A. It is worth of note
that the significance as indicated was maintained if the relevant coeffi-
cients were calculated for the whole patient sample (n=74). In Table IV
the scores 1, 2, A and C have been recalculated with exclusion of hyper-
metria as outlined above. Although the scores 1 ex and 2 ex still show
significant correlations with the clinical scores (but lower now than for
scores 1 and 2), the derived score C ex is no longer significantly cor-
related with the shifts in clinical scores. This means that correction
for hypermetria in the pattern change score (A, which becomes A ex)
causes the loss of significance of some relevant cross-correlations.

TABLE IT  Cross-table of pattern shift score (B) and S (DSS) with
correlation coefficient for the patients with significant
individual change in saccade pathology (n=47).

S(DSS>
-4 -3 -2 -1 0 +1 + +3

Shaft

pattern

score (b)
i B -a 1 1 1
m -3
[ 15

-2 1 1
r
0 -1 1 3 2 a
v 9 0 1 3 4 1
e
+1 1 2 6 1

m
e +2 2 1 2 1 1
n 3 +3 1 1 1
l y - +4 1 1 1

L 2 | 7 | 10 | 47

improvement

Correlation coefficient: r = -0.31 (p < 0.05)
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TABLE III  Part of the correlation matrix. Significant correlation
coefficients are underlined (n=47, p< 0.05).

Score 1 Score 2 Score A Score B Score C
DSS1 -0.35
Fs1 0.42
BS1 -0.43
Score 2 0.64
DSS2 -0.42
Fs2 -0.54
BS2 -0.64
Score A 0.3 0.50
Score B -0.03 0.53 0.68
Score ¢ -0.18 056 0.88 0.95
S(DSS) -0.07 -0.24 -0.21 -0.31 -0.30
S(FS) 0.03 -0.18 -0.26 -0.34 -0.33

S(BS) 0.10 -0.11 -0.24 -0.31 -0.30
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TABLE IV Same part of the correlation matrix as in Table III with scores
1, 2, A and C replaced by the ex scores, i.e. these scores were
recalculated with exclusion of pathology scores associated with
hypermetria. Score B is the same as in Table II and is repeated
for clarity.

Score 1 Score 2 Score A Score B Score C
—ex X —eX ex

Dss1 =0.27
FS1 20.32
BS1 -0.39

Score 2eX 0.91

Dss2 =0.39

Fs2 -0.46

BS2 20.42

Score A, -0.63 0.38

Score B -0.18 -0.03 0.62

Score C, ~ -0.43 0.4 0.84 0.82

S(DSS)  -0.05 -0.07 -0.14 -0.31 -0.13
S(FS) 0.01 0.03 -0.21 -0.34 -0.22
S(BS) 0.16 0.10 -0.25 -0.31 -0.23
DISCUSSION

As far as we know, this is the first report on significant correla-
tions between objective neurophysiological scores and clinical scores.

It seems difficult to exclude the possible influence of variations
in factors such as alertness and fatigue, in the case of saccadic slo-
wing as well as apparent speeding up. It must be realized that on the
basis of chance alone slowing may be detected in a number of cases, as
indicated in Table I. This is especially true for shifts in 1 saccade
only.
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Although score A correlated significantly with score B and C it did
not with any of the shifts in clinical scores. Significant cross-cor-
relations were found between the shifts in clinical scores and score B.
This also holds for score C, but not for score C ex, i.e. if significant
Tow values of V/A of separate saccades associated with hypermetria were
excluded. There is no doubt that this effect is caused by the fact that
the ex patterm changes are more conservative, as stipulated in presenting
Table I, and thus yield lower scores. Score B is the most practical
score, which is directly derived from test-retest measurements (SRD).
Score C seems redundant. The SRD is a parameter with a nicely distribu-
tion with mean zero and a small SD indicating that the parameter V/A
has relatively little test-retest variability, i.e. it is a parameter
particularly suited for studying follow up.
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Visual Evoked Responses in Definite and Suspected
Multiple Sclerosis. Comparison of Them to
Cerebrospinal Fluid Oligoclonal Bands

I. MILONAS

INTRODUCTION

Since introduction of visual evoked responses (VER) in clinical pra-
ctice by Halliday et al in 1972 the use of this technique has been spread
all over the world and has been widely recognized as a standard method of
clinical testing. VER was the first technique to be used and cortical ard
subcortical somatosensory responses (Small et al.,1977, Chiappa, 1980,
Aminoff, 1984) and brainsted auditory potentials (Chiapa, 1980, Stockard
et al.,1980) were followed and have now also been widely used in the dia-
gnosis of multiple sclerosis (MS).

The main target of evoked potential (EP) technique is to reveal cli-
nically silent lesions and so contribute in diagnosis of MS showing the

disseminated nature of the disease.

When evoked responses are used to patients with MS the percentage of

abnormal responses must be given in relation to an organ or system which
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does not present any clinical manifestation. It is expected for instance
that if an eye with optic neuritis is investigated VEP will be delayed but
this does not reveal a new lesion, it simply confirms the clinical diagno-
sis of optic neuritis, but does not add any new element supporting the dia-
gnosis of a demyelinating disease. On the contrary if VEPs are abnormal in
a patient with a cord syndrome and with no symptoms or signs fram his optic
system this finding is highly significant for the diagnosis of MS.

The existense of oligoclonal bands in the gamma globulin region of
cerebrospinal fluid (CSF) is considered one of the most sensitive labora-
tory tests for the diagnosis of MS (Thompson et al 1979). Oligoclonal
bands are detected very rarely (9%) in other neurological diseases mainly,
in infectious diseases of the nervous system (Hutchinson et al.,1983).

The above mentioned techniques (VERs and CSF oligoclonal bands) were
studied in patients with MS for assessing the efficiency of them in the
diagnosis of demyelinating disease.

MATERTAL AND METHODS
Two groups of patients with MS were evaluated; one group with the dia-

gnosis of clinically definite MS (53 patients) and one with the diagnosis
of suspected MS (17 patients) according to the criteria of McDonald and
Halliday (1977). In these two groups VEPs were recorded and agarose gel
electrophoresis was performed on their CSF.

VEPs were recorded with a silver disc electrode placed 5cm above the
inion with a mid-frontal reference electrode. The patient was sitted in a
distance of 1m from the stimulator. The stimulus was a black and white
chequerboard pattern (dimensions 2.4X2.4cm) reversing at a frequency of
once or twice per second using a revearsal pattern TV stimulator ST10 sen-
sor (dimensions 35X28cm) . Responses were amplified, averaged and recorded
using the Medelec Sensor equipment. 256 responses were averaged for each
eye and regarded as abnormal if the major positive peak (P100) was seen
after a latency bigger than 115ms (normal mean+3SD) or if there was a la-
tency difference greater than 7ms between the two eyes. There was a 25%
stimulus delay in the recording.

Agarose gel electrophoresis was performed on concentrated CSF using
the panagel electrophoresis system of Millipore Corporation (Johnson et al.
1977) . The appearance of two or more bands in the y-globulin region was
considered as abnormal finding.
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RESULTS

Delayed VERs were found in 48 out of 53 patients with definite MS
(90.5%) . In the same group CSF oligoclonal bands were seen in 46 patients
(86.8%) .

In twelve of the above patients which had abnormal VERs and oligoclo-
nal bands the two methods were repeated one month later while the patients
were under treatment with steroids and the findings were almost the same.
Delayed VERs as well as the presence of oligoclonal bands were seen again
and with no significant changes fram the first investigations.

Only four of the patients with suspected MS from the total of 17 had
delayed VERs (23,5%) while in the same group six had oligoclonal bands in
their CSF (36%).

DISCUSSION

Delayed VEPs were obtained in 90.5% of the patients with definite MS
and this percentage is similar to that in most of the reports reviewed by
Halliday (1978). These abnormal findings were seen in patients having a
history of visual impairment as well as in patients with no such history
and of course it was much more valuable in the second category. Only one
patient with history of visual impairment had normal VEPs and this finding
has been reported by other too (Walsh et al.,1982).

Oligoclonal bands in the y-globulin region were seen in 86.8% of the
patients with definite MS a percentage which is similar to that of abnormal
VERs. The same values are given in other papers (Walsh et al.,1982,
Thomson et al., 1983).

From the 53 patients with clinically definite MS 52 had either abnor-
mal VERs or existence of oligoclonal bands in their CSF or more frequently
both. So in 98% of these patients the diagnosis of MS was confirmed by one
or both of the above techniques.

In 12 patients of the above group with definite MS the two investiga-
tions were repeated one month later while the patients were receiving ste-
roids and 10 of them had shown a significant improvement of their clinical
status. In spite of this no appreciable changes were seen in their VERs or
the pattern of oligoclonal bands, and this supports the view that the abo-
ve techniques remain abnormal even if there is remission of the demyelina-
ting disease.

In contrast with the impressingly high positive finding in clinically
definite MS in the suspected form of the disease the two used techniques
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were low. So only 4 patients of this group had delayed VERs (23,5%) and
only 6 patients had oligoclonal bands in their CSF (36%). Low percentages
for this form of MS are given by Walsh et al (1982) but the values are
lower in delayed VERs (15%) and higher in the existence of oligoclonal
bands (55%) . Nine totaly patients from the 17 of this group with suspected
MS had abnormal one or both techniques and so the percentage of abnormal
tests was increased to 52,9%.

Camparing the findings of the two groups we can see the great diffe-
rence in the results between the group with definite MS and that with su-
spected. This difference shows the need for more precise methods which
could help the clinicians in the difficult cases of suspected MS. Some
trials for evaluating other components of the VER or their amplitude proved
not to be succesful. So although the EPs gave a great impact in the dia-
gnosis of MS and their doubtless usefulness in the clinical practice has
been emphasized by many investigators (Halliday 1981a, Halliday 1981b,
Chiappa 1980) their most detailed evaluation is needed.

The combination of VEPs with the other EPs and with the study of oli-
goclonal bands contribute greatly in the correct diagnosis of MS but there
are still cases in which the diagnosis of demyelinating disease remains
uncertain.
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Galactosylceramide (GC) antigenicity
267-70
immunolocalization of 269
Genetic markers 30
Gestational processes 8
Glial fibrillary acidic protein (GFAP)
144, 147, 161, 199
GBteborg incidence material 87

Haplotypic associations 318
Haplotypic frequencies 319, 320
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phenotypic frequencies 317
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HLA-genes 143, 149
HLA markers  315-21
HLA-specific human cells 265
HLA system 143

Ia-positive cells 144, 145, 147, 148, 149

Ia-presenting cells  143-51

IgA index 237

IgA levels 233, 234, 241-50

IgA secreting cells 234

IgG index 226, 237, 241, 258

IgG levels 163, 232-33, 241-56
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IgG synthesis 257-66

IgM index 237, 244, 246

IgM levels 235, 241-50

IgM producing cells 235

Illness severity score 6

Imaging  345-48

Immune complexes (IC)  225-29, 261,

271-75

Immune function 103

Immune reactions 123, 199

Immune response  103-5, 123, 143, 257

Immune system  103-7, 156, 291
regulation of 106

Immunogenetic markers 333

Immunoglobulin abnormalities  241-50

Immnoglobulin indices  246-48

Immunoglobulin synthesis 243

Immunoglobulins  217-23, 231-39
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Immunological abnormalities 163-66

Immunological function  199-206

Immunological parameters 9

Immunopathological mechanisms 185

Immunoregulation 103

Immunosuppression
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Incapacity data 41-44
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In-patients, comparative study 31-40
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Kappa/lambda ratio 233

Kappa light chains 233

Kurtzke disability score. See Disability
status scores -
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Lumbar puncture data 24, 30

Lymphocyte isolation 116

Lymphocyte subsets — 141-42

Lymphocytes 143, 145, 156, 172
natural cytotoxic activity in vitro

175-83

Lymphocytotoxic antibodies (LCA) 195

Lymphocytotoxins 195

Lymphoid cells, cloning of 167-74

Macrophages 143, 147
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131-39
Major histocompatibility complex (MHC)
199, 200
Mann Whitney U Tests 73
Migrating bout 91
Migration effects 295, 297-301
Minimal Record of Disability (MRD)
31
Monoclonal antibodies 153, 154, 156
against oligodendrocytes  159-62
Mononuclear pleocytosis 237
Myasthenia gravis 9
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Problem profile 38
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Saccadic eye movements 373-81, 383-92
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386
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358-60
Steady progress 91, 92
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Subacute demyelinating (SDE) disease
290
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Viral antibodies 263, 289
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Virus infection 289-92
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