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Preface

At the annual meetings of the International Federation of Multiple Sclerosis Socie-
ties (IFMSS) the representatives of the national MS societies of numerous countries
assemble for discussions and reports on work accomplished, under way, and to be
undertaken in the future. In addition to publicity work, education, and patient ser-
vices, there has been an increasing interest in obtaining first hand, reliable, and re-
alistic information not only on the medical problems relevant to diagnosis, treat-
ment, and the management of MS, but also on progress in the difficult field of MS
research. For this purpose the International Medical Advisory Board (IMAB) was
founded.

In the past years its members have organized a number of symposia in conjunc-
tion with the IFMSS meetings in New York, Copenhagen, Barcelona, Toronto, Am-
sterdam. The program of the Gottingen symposium, relevant in its focus to the 1978
meeting of the IFMSS in Hannover, had the double purpose of bringing together
scientists from many countries with active MS societies, and to inform the organi-
zers and members of these societies, and thereby also the MS patients, of problems
and progress in a number of areas of MS research. The program was conceived as a
survey of newer work undertaken in basic and experimental MS research and, on
the clinical side, as a reassessment of the prerequisites in the diagnosis of MS, the
value of laboratory tests, some therapeutic approaches, and organizational princi-
ples in the management of MS.

Symposia with such a wide range of topics are to a large extent precluded from
probing deeper into details and controversial questions. On the other hand, they
may serve as a platform for contacts and an exchange of information by researchers
with very different approaches, one of the ways of avoiding the “factory blindness”
that might lead us away in pursuing the ultimate goal of MS research: to identify
the cause or causes and to find ways of curing this disease.

Acknowledgements. We are grateful to the Deutsche Forschungsgemeinschaft,
which has sponsored and essentially financed this symposium as a part of its re-
search program on “Multiple Sclerosis and Related Diseases of the Nervous System”;
to the German Multiple Sclerosis Society for financial help; to the National Multi-
ple Sclerosis Societies of the United States of America, Great Britain, Japan and a
number of other nations for providing travel funds for scientists from their respec-
tive countries and to the administration of the University and the City of Go6ttingen
for helping us in many ways.

We owe special thanks to the Hertie Foundation for the Advancement of
Science for generously providing funds to ensure publication at a reasonable price,
and finally to the Springer-Verlag for the effort and work devoted to the publication
of this book.

Gottingen, Summer 1980 H.J. BAUER - S.POSER - G. RITTER



Welcome Address

It is my privilege to extend the welcome of the government of Lower Saxony to the
participants of this international symposium. We feel honored that so many emi-
nent researchers on multiple sclerosis have assembled here in Gottingen on the eve
of this years meeting of the International Federation of Multiple Sclerosis Societies,
scheduled to be held in Hannover next week. I consider it is an excellent idea to have
such a symposium in conjunction with this meeting of the IFMSS — to provide the
representatives of the national MS Societies with the most recent information con-
cerning the latest research results. Furthermore I would like to add my satisfaction
as a former vice-president of the Deutsche Forschungsgemeinschaft, the German
Research Society, that the DFG has acted as sponsor for this important get-together
of outstanding researchers.

I am also pleased, as is my government, to present the new Medical Center of
this University as the site for your symposium.

It appears to me, and [ say this without a trace of arrogance, that there are two
good reasons for having this meeting here. First, research on the Nervous System
has an important place in Goéttingen: in the University as well as in the Max-
Planck-Institutes. Secondly, research on MS and awareness of the medicosocial pro-
blems involved in this very grave disease of the central nervous system have been a
growing concern to the government of Lower Saxony for a number of years. On the
basis of epidemiological studies carried out in the Gottingen area, we can extrapo-
late, that there are over 6000 MS cases in Lower Saxony alone, the estimated figure
for all of West Germany being between 50000 — 100000 cases. But MS is not only
numerically an important disease of the central nervous system. It is an illness mani-
festing very often early in life, and usually lasting for many years. This generates
medical, socioeconomic, and psychological problems of a magnitude not adequately
expressed by statistics.

We — I mean the general public — are looking to the researchers for advances in
treatment of MS. The researchers who are probing into the mysteries of the patholo-
gy of MS with fundamental theoretical and experimental investigations, who also
cooperate on the practical level (i.e., in the application of newly found research re-
sults) with all those who are concerned with the management of MS and with the
care of the persons afflicted with this grave disease.

We look to you with the hope that your work will be blessed with success. Realis-
tic researchers, and for many years I was one of them, know that your task is very
difficult and that there is a long way ahead of you. As always in research, as it gets
under way, new questions arise before all the old ones have been answered. Well,
the experienced among you will know and the younger ones among you will learn
that it is the quality of the questions that largely determines the quality of the re-
search. May therefore the exchange of information during your symposium give not



VIII Welcome Address

only useful answers, but also new, better, and fertile questions, whose challenge will
engender new research, leading the way hopefully towards the ultimate solution of
the problem of multiple sclerosis. This is my wish which I have the honor and the
privilege to express to you on behalf of my government.

Professor Dr. Dr. E. PESTEL
Minister for Science and Art of Lower Saxony
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List of Abbreviations

The following abbreviations are used to indicate both noun and adjectival forms,
e.g., EMG stands for electromyography and electromyographic.

ACTH
ADE

CFA
CNS
CSF
DSS
EAE
EAN

EMG
E-UFA

IEF
IFA

LCM

corticotrophin

acute disseminated ence-
phalitis

complete Freund’s adju-
vant

central nervous system
cerebrospinal fluid
disability status scale
experimental allergic ence-
phalomyelitis
experimental allergic neuri-
tis

electromyography
erythrocyte-unsaturated
fatty acid test

isoelectric focusing
incomplete Freund’s adju-
vant

lymphocytic choriomenin-
gitis virus

MBP

myelin basic protein

MEM-LAD macrophage electro-

test
MHC
MLD
MLR
MS
ON
PNS
PPD

RBN
SDE

SSPE

VER

phoretic mobility-linoleic
acid depression test

major histocompatibility
complex

metachromatic leuko-
dystrophy

mixed lymphocyte reaction
multiple sclerosis

optic neuritis

peripheral nervous system
purified protein derivative
(of tuberculin)

retrobulbar neuritis
subacute demyelinating en-
cephalomyelitis

subacute sclerosing panen-
cephalitis

visual-evoked response



Experimental Models in Demyelinating Disease



Applications of Chronic Relapsing Experimental
Allergic Encephalomyelitis to the Study of
Multiple Sclerosis

C. S. RAINEY, U. TRAUGOTT?, and S. H. STONE?

Background

Research into the precise analysis of the march of morphological events and the
possible fluctuations in immunologic response in multiple sclerosis (MS) has been
somewhat impeded by the apparent lack of a truly chronic, nonfatal, relapsing de-
myelinating analog in animals. For many years, neuropathologists have applied the
highly pertinent model of acute experimental allergic encephalomyelitis (EAE) to
the analysis of short-term pathogenetic mechanisms. While serving a pioneering
role in autoimmune demyelination research, this model had in its acute, severe na-
ture, distinct drawbacks in its relevance to MS.

In 1965, Stone and Lerner [14] reported on the production of a form of chronic
EAE in juvenile, inbred Strain 13 guinea pigs, a model which had, perhaps more
than any other thus far described, distinct clinical and pathologic similarities to MS.
Other strains and age groups of guinea pigs were also investigated by Stone and his
colleagues but it was found that due to increased mortality or failure to develop
signs, chronic relapsing EAE can only be reproduced reliably in Strain 13 guinea
pigs [14, 15]. This model was subsequently analyzed extensively at the clinical and
morphologic levels and found to bear many resemblances to patterns in MS [3, 6, 7,
12]. Our morphologic studies allowed us to conclude that chronic relapsing EAE
might afford the neuroscientist new avenues for MS research. Based on this, we em-
barked upon a series of studies relevant to the therapeutic approach to MS [9, 10,
18, 19], and similar parameters in MS [18].

The present synopsis of chronic relapsing EAE will first detail the induction pro-
tocol, then outline briefly our recent applications of the model to MS, and finally,
will tabulate those facets of this disease which render it a potentially valuable tool
for investigations of pathogenetic and therapeutic mechanisms in MS.

The Model

Induction

Chronic relapsing EAE depends upon the use of juvenile Strain 13 guinea pigs. An-
imals sensitized as adults invariably develop acute, fatal EAE 2—3 weeks post inocu-

1 Departments of Pathology (Neuropathology) and Neuroscience, and the Rose F. Kennedy
Center for Research in Mental Retardation and Human Development, Albert Einstein
College of Medicine, The Bronx, NY 10461/USA

2 The National Institute of Allergy and Infectious Diseases, Bethesda, MD 20014/ USA
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Fig. 1. a Chronic EAE, 16 weeks, 2 relapses. Note the disseminated nature of the lesions in the
spinal cord at L,. Chronic plaques are seen in the dorsal columns, anterior columns, and the
right lateral column, while a recent, acute plaque is seen in the left lateral column. X 20.
b Chronic EAE, 20 weeks PI, 2 relapses. A demyelinated plaque (center) in a dorsal column at
L, is shown. A dorsal horn lies to the left. X 120. ¢ Slightly higher magnification from the plaque
shown in Figure 1 b. Note the fibrotic blood vessels, macrophages, gliosis, and many transverse-
ly sectioned naked axons. X 245. d Another section from the lesion shown in Figure 1a. Acute
perivascular inflammation (note the densely staining plasma cells) and recent demyelination
manifested by tightly-packed axons are seen. X 190. e Chronic EAE, 22 weeks P, 2 relapses. A
recent perivascular cuff with a surrounding rim of acutely demyelinated axons is shown from
an area of previously unaffected white matter. X 756. f Suppressed chronic EAE, 8 weeks PI. A
subpial lesion shows early remyelination of all fibers and fibrotic changes in the leptomenin-
ges. X480

lation (PI) [7, 14]. Juvenile strain 13 guinea pigs (less than 250 g body weight) are
given a single intracutaneous inoculation in the nuchal area with an emulsion con-
taining 0.25ml of a 50% suspension of isogeneic spinal cord in 0.25 ml com-
plete Freund’s adjuvant containing 2.5 mg M. tuberculosis. Fuller details are given
elsewhere [7, 14].
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Clinical Features

Contrary to other forms of EAE, juvenile strain 13 guinea pigs sensitized for chronic
relapsing EAE do not usually display signs at 2-3 weeks, although previous mor-
phologic study has revealed subclinical demyelinating lesions in the CNS at this
time [7]. The first overt clinical signs develop about 8-12 weeks PI. They are less se-
vere than those of acute EAE, are rarely fatal, and generally remit, albeit incom-
pletely. Neurologic signs consist of weight loss, incontinence, and paraparesis,
which sometimes relapses or progresses slowly to quadriparesis. Animals with this
disease have been maintained for more than 3 years PI, during which time 1-5 re-
lapses have been recorded in some.

Pathology

The CNS of Strain 13 guinea pigs at various stages of chronic relapsing EAE have
been analyzed morphologically and compared to patterns described in MS [4]. The
CNS of animals displaying signs at 8~12 weeks PI show both recent and old lesions,
the latter having developed during the prolonged latent period. There is consider-
able topographical similarity between chronic EAE and MS demyelinated plaques,
but in general, the EAE lesions are less extensive and less well demarcated. They
do, however, possess a paraventricular distribution in the brain and in the spinal
cord, the entire white matter can be affected (Fig. 1 a, b). Also, there tends to be
more axonal sparing in chronic EAE lesions, a feature possibly related to the shorter
timespan of the disease (Fig. 1 c). Lesions occurring in the CNS of animals with a
recent relapse show chronic demyelinative activity in the center, upon which is su-
perimposed active inflammation and ongoing demyelination at the margins (Fig. 1
d, €). Other morphological features of relevance to MS include heterotopic gliosis
and Schwannosis [11], fenestrated endothelial cells [13], and axon-glial membrane
spectializations [5].

Taken in concert, the morphologic analysis of chronic relapsing EAE, a known
autoimmune response to CNS antigens, supports the concept of an immunologic
pathogenesis for MS lesions. Relapsing clinical disease can invariably be matched in
chronic EAE by recent inflammation in the CNS and remission by remyelination.
In addition, evidence for subclinical disease is also present in this model. Ongoing
investigations will examine the immunocytochemical aspects of the disease process
and compare them with similar studies on MS [2].

Suppression

Previous work from this laboratory has demonstrated that both acute and chronic
EAE in strain 13 guinea pigs can be successfully suppressed with a regimen of injec-
tions of myelin basic protein (MBP) in incomplete Freund’s adjuvant (IFA) [8]. This
study demonstrated, among other things, that while the disease in suppressed an-
imals was curtailed clinically, at the morphologic level, identical CNS changes de-
veloped initially in both unsuppressed and suppressed animals. All unsuppressed
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adult animals succumbed to the acute disease, all unsuppressed juveniles eventual-
ly came down with chronic EAE, but suppressed animals from both groups displayed
only transient signs, if any, and these completely remitted. Thus, in suppressed
EAE guinea pigs, the structural changes did not entirely complement the clinical
findings. This was the subject of subsequent studies [16], which show that in acute
EAE, there occurs a significant decrease in circulating “early” T cells (a population
considered to reflect cell-mediated immunity) with the onset of signs. At the same
time, animals in which acute EAE has been suppressed, demonstrate, during the pe-
riod of transient signs, only a minor decrease in early T cells which then rise and
remain at elevated levels throughout the suppression period. We believe that the
decreases with clinical signs are due to migration of lymphocytes from the circula-
tion to the CNS compartment (this has been proven to be the case in later studies)
[20], while we have suggested that the increased levels of early T cells in suppressed
animals might reflect a population of MBP-generated suppressor cells.

We then turned our attention to the suppression of chronic, relapsing EAE. For
these experiments, the full details of which are presented elsewhere [9, 19], four
groups of juvenile strain 13 guinea pigs were sensitized for chronic EAE. The first
group (27 animals) was left to develop chronic relapsing EAE over a 27-month pe-
riod (unsuppressed group). Animals from this and the other three groups were sam-
pled periodically for morphologic study and at regular intervals, 1-3 weeks apart,
were bled for study of circulating lymphocyte populations.

The second group (4 animals) was sensitized for chronic EAE, and then, 12
months later, rechallenged with whole CNS/CFA (unsuppressed, rechallenged
group).

The third group (20 animals) was sensitized for chronic EAE and then given a
regimen of MBP/IFA 1-5 weeks later to suppress the disease (suppressed group).
These animals were observed for up to 27 months PI.

The fourth group (6 animals) was sensitized for chronic EAE and then, 1-5
weeks later, each animal was given a course of injections of MBP/IFA to suppress
the disease. At 12 and 26 months PI, these animals were challenged for a second
time with CNS/CFA to test the permanence of the suppression (suppressed, rechal-
lenged group).

The results of these experiments show that unsuppressed animals develop typi-
cal relapsing disease beginning 8—12 weeks PI. Also, the CNS changes are identical
to those described previously (Fig. 1 a—e). The lymphocyte studies show that the clin-
ical relapses coincided with significant decreases in circulating early T cell levels
(Fig. 2 a). The unsuppressed rechallenged group displayed an episode of acute disea-
se 2—4 weeks after the second challenge. This episode and the previous relapses
were also marked by corresponding decreases in circulating early T cells. In both
these groups of animals, during remissions, early T cell values rose to a level at the
upper limit of the normal range.

The suppressed chronic EAE animals showed no clinical signs over the 27-
month period of study. Surprisingly, the CNS of these animals displayed evidence
of extensive remyelination of lesions which had developed previously but which
were not detectable clinically (Fig. 1 f). Early T cell levels rose during suppression
to significantly high levels in comparison to normals and remained elevated through-
out (Fig. 2 b). The suppressed, rechallenged group also demonstrated no clinical
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Fig. 2. a Histograms of circulating lymphocyte levels from one representative unsuppressed,
chronic EAE strain 13 guinea pig, based upon 28 separate bleedings. The actual values are
compared with the mean (M) *2 standard deviations (SD) obtained from 11 uninoculated,
normal strain 13 guinea pigs [16]. This animal had four clinical exacerbations, indicated by the
arrows. A delayed onset of disease occurred on day 87, followed by three relapses (days 182,
258 and 356). Although B cells and late T cells displayed minor changes only, early T cells dem-
onstrated significant decreases (P <0.01) coinciding with relapses. During remissions, early
T cells return to normal levels. b Circulating B-cell, early and late T cell values from 11 sup-
pressed chronic EAE guinea pigs plotted against the mean value and 2 SD from a group of 11 nor-
mal, uninoculated guinea pigs. Since it is not possible to illustrate all bleedings due to space lim-
itations, only selected points are shown and for example, 22 bleedings taken between days
141 and 298, have been omitted. Note the consistent elevation of early T cells between days 28
and 41 PL Later on, early T cell values are normal or slightly elevated. B cells and late T cells
are in the normal range
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disease, even after rechallenge, indicating that the suppression was permanent over
the period studied.

Thus we have shown that chronic relapsing EAE can be successfully suppressed
with MBP/IFA and that this suppression is permanent. Interestingly, we noted
strong correlation between clinical, pathologic and lymphocyte patterns. Future ex-
periments will test the efficacy of non-neural antigens upon chronic relapsing EAE
and also whether the disease can be suppressed after several episodes have oc-
curred. The latter would approximate more accurately the situation in MS. The results
of our suppression experiments should encourage the use of MBP in therapeutic tri-
als in MS.

Lymphocyte Studies

The studies on circulating lymphocyte populations described above in the suppres-
sion experiments stemmed originally from similar studies carried out on strain 13
guinea pigs sensitized for acute EAE [16]. In addition to the determination of quan-
titative changes, we have more recently been investigating the responsiveness of ear-
ly T cells to MBP both within the circulation and within CNS infiltrates. It was
shown that with the onset of signs the decrease in circulating early T cells can be ac-
counted for by a corresponding migration of early T cells to the CNS [20]. When
samples of lymphocytes from the circulation and CNS infiltrates in acute EAE were
tested for reactivity against MBP [1], it was found that in the CNS most early T cells
respond to MBP. This observation might indicate that MBP-reactive early T cells
become concentrated in the CNS by their migration from the circulation, a specula-
tion which could not be supported by the T cell rosette enhancement technique [17].

Similar studies on the comparative levels of circulating and CNS-associated
lymphocytes have not yet been possible in MS. However, we have completed one
longitudinal study on circulating early T cell levels in stable and active MS which
compared the values with samples from other neurological disease (OND) and nor-
mals [18]. We found that in general, early T cells were lower in MS than in controls.
Also, during exacerbations in MS, early T cells decreased further. When aliquots of
these lymphocytes were tested for their reactivity to MBP, while positive reactivity
was seen in both the OND and MS group (but not in normals), MBP reactivity was
higher during exacerbations. Whether this MBP-reactivity serves as a measurement
for antigen specificity will only be proven by tests with different antigens. In addi-
tion, there remains the possibility that the reactivity represents nonspecific stimula-
tion, such as that obtained after exposure to Concanavalin A.

Therefore, the similarities at the present immunologic level between EAE and
MS suggest possible common pathogenetic mechanisms. Further comfirmation of
this suggestion will be sought by comparing circulating and CNS-associated lym-
phocytes from chronic relapsing EAE and MS for MBP reactivity.

Pertinence of Chronic Relapsing EAE to MS Research

Chronic relapsing EAE is pertinent to MS research because:
1. It is age and strain dependent.
2. Only a single sensitization is necessary.
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3. It has a long, latent period before clinical onset.

4. The disease course is protracted and progressive.

5. The disease is rarely fatal.

6. Relapses are common.

7. Demyelinated plaques are large and of different ages.

8. Axons are spared and remyelination is seen.

9. The use of an inbred strain has immunogenetic advantages.
10. The prolonged disease course renders this a useful model for therapeutic trials.
11. The model is appropriate for lymphocyte studies.

12.

Sensitization in the nuchal area does not impair clinical evaluation.

Acknowledgments. Supported in part by USPHS grants NS 08952 and NS 11920 and National
Multiple Sclerosis Society grant RG 1001-B-2.
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Chronic Relapsing EAE: Its Application to Study of
Human Inflammatory Demyelinating Diseases

H. M. WiSNIEWSKI and H. LASSMANN!

In 1933, Rivers et al. [23] reported that they had observed an encephalomyelitis
with myelin destruction in 2 of 8 monkeys that had received repeated IM injections
of aqueous emulsion and alcohol-ether extracts of normal rabbit brain. Two years
later, Rivers and Schwentker [22] confirmed these original observations, stressing
that 7 of 8 monkeys developed demyelinating encephalomyelitis. The procedure
used by Rivers et al., followed by confirming reports by Ferraro and Jervis [3], in-
volved repeated (46—85) IM injections of aqueous emulsions and alcohol-ether ex-
tracts of normal brain. This technique produced morphological lesions of various
ages and sizes, and gave a very low mortality rate. However, it was very time con-
suming (3 inoculations a week, up to 85 injections) and difficult to apply to small an-
imals. Since the goal of these experiments was to determine what component of
brain tissue causes demyelinating encephalomyelitis, there was a great need for a
method which would shorten the time and procedure required to induce the dis-
ease. This was solved when Freund and McDermott [5] demonstrated a new tech-
nique of emulsifying antigens in various adjuvants in aquafor, paraffin oil, and heat-
killed tubercle bacilli. This technique facilitated the experimental production of en-
cephalomyelitis and the inception of its symptoms with one or two injections of
brain emulsion in Freund’s adjuvant [15]. In subsequent years, using Freund’s adju-
vant, it was found that the antigen responsible for the induction of EAE is present in
the myelin sheath and was eventually characterized as an encephalitogenic basic
protein [4, 7, 29]. Although the introduction of Freund’s adjuvant accelerated the
identification of the antigen responsible for induction of EAE, it also clouded the re-
lation of EAE to MS by producing an acute encephalomyelitis with a mortality rate
close to 100%. Therefore many investigators considered EAE to be an acute mono-
phasic disease almost always inducing death, and, in contrast to MS, characterized
by exacerbations, remissions, and negligible death rate. It should be stressed, how-
ever, that during the time of extensive use of adjuvant and studies of the acute phase
of EAE, sporadic papers were published [1, 2, 19, 25, 31] describing chronic and re-
curring episodes of EAE in animals sensitized with antigen and with Freund’s adju-
vant. However, such reports were treated as exceptions to the rule that EAE is an
acute and mortal disease. In 1950 Freund et al. reported chronic EAE in young
guinea pigs, due to the use of CNS tissue and a not acid-fast strain of mycobacterium
as adjuvant. However, only 4 of 21 animals developed chronic disease.

A major breakthrough was achieved when Stone and Lerner [28] introduced a
highly reproducible model of chronic EAE by sensitization of newborn Strain 13
guinea pigs. However, this report stressed a slow, uninterrupted and progressive dete-

1 New York State Institute for Basic Research in Mental Retardation, 1050 Forest Hill
Road, Staten Island, NY 10314/USA
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rioration from onset of clinical signs (30—80 days after sensitization) to paralysis and
death. A relapsing clinical course was sometimes noted in animals sensitized using
this procedure [18, 20]. In recent publications, fluctuations of the disease are report-
ed to be more frequent [21]; however, no clinicopathological correlation is avail-
able in these animals; also, brain lesions were reported to be rare and were not docu-
mented.

By minor variations of the inoculum and by changing the inoculation site, we
were able to induce a chronic disease with predictable remissions and relapses in
80% of Strain 13 and 38% of Hartley guinea pigs [10]. This model is different from
the previously reported in several essential aspects:

1. It shows a regular occurence of an acute EAE episode 8—12 days after sensiti-
zation followed by a clear-cut remission clinically as well as pathologically.

2. It shows a synchronicity of the pathological events in the demyelinating le-
sions in the first relapse and their clear-cut correlation with duration of clinical
symptoms.

3. It demonstrates the large size (macroscopically visible) and the regular occur-
rence of demyelinating lesions within the brain and optic nerve in addition to the
spinal cord lesions in the chronic stage of the disease.

This report deals with the clinical, pathological and immunological changes ob-
served in 127 Strain 13 and 125 Hartley guinea pigs sensitized according to the proce-
dure described by Wisniewski and Keith [30].

Clinically, several disease patterns of EAE were observed: acute fatal, chronic
progressive with or without delayed onset, chronic relapsing, and chronic relapsing
with progressive course. In Strain 13 guinea pigs, the chronic relapsing course was
the most frequent. The relative incidence of the different disease types depended
upon the strain of animals used and the age at the time of sensitization [11].

Pathohistological examination of animals during different stages of the EAE
model showed very interesting differences in inflammatory reaction. During the first
3 days of clinical symptoms of the acute episode, a variable but generally large
number of polymorphonuclear leukocytes were found within the lesions. In most se-
verely affected animals, the pattern of hyperacute EAE with hemorrhages, fibrin de-
position, and necrosis together with an inflammatory infiltrates nearly exclusively
composed of polymorphonuclear leukocytes was observed [10]. Immunofluorescence
studies in these areas showed deposition of immunoglobulins together with com-
plement (C,). The amount of complement found in these lesions corresponded well
with the severity of the hyperacute reaction pattern [6]. Later stages of the acute epi-
sode (4-10 days after onset of clinical symptoms) showed pathohistological altera-
tions closely resembling those described in ordinary EAE. During the first remis-
sion, perivascular cuffs of lymphocytes and mononuclear cells were found without
invasion of the tissue by inflammatory cells and without active demyelination. Dur-
ing the second attack and all further relapses, lymphocytes and mononuclear cells
dominated and invaded the parenchyma, leading to large plaques of demyelination
(Figs. 1 a, b, c and 2 a, b). With immunofluorescence technique, no complement de-
position was found in these lesions. However, presence of immunoglobulin contain-
ing cells throughout the whole chronic stage of the disease was noted.

Clinicopathological correlation was good during the acute and early chronic stage
of the disease (first episode, first remission, and first relapse) [10]. The synchronic-
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Fig. 1. a Hartley guinea pig; first relapse, general slice through the brain in the level of the op-
tic chiasm. Note the large grey discolored lesion periventricularly in the centrum semiovale (1)
X 3.5. b Hartley guinea pig; first relapse, spinal cord. Large demyelinated lesion in the anterior
and posterior and lateral columns. Perivascular demyelination in anterior, posterior, and later-
al column (1) X15. ¢ Hartley guinea pig; first relapse, centrum semiovale. Large confluent
demyelinated plaque with fingerlike perivascular demyelination in the periphery. Toluidine
blue. X400

ity of evolution of demyelinating lesions, especially with regard to myelin degrada-
tion products and their clear-cut correlation with clinical duration of the first relapse
in the 30 animals studied in this stage of the disease, strongly indicates the absence
of subclinical disease during the first remission. However, one out of 15 animals
sampled during the first remission showed evidence of subclinical demyelinative le-
sions in the brain, but not in the spinal cord, and two other animals sampled very
late in the remission showed the beginning of tissue invasion by mononuclear cells
from a few vessels in the spinal cord. These results indicate the importance of patho-
histological correlation in immunological studies. During the later relapses of the
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Fig. 2. a Hartley guinea pig; first relapse, centrum semiovale. Edge zone of large actively de-
myelinating plaque with variable amount of recent myelin debris. In the center a segmentally
demyelinated nerve fiber can be seen. Toluidine blue. X840. b Hartley guinea pig; first re-
lapse, centrum semiovale. Periphery of a large plaque. Early and late stages of myelin debris
and reactive gliosis. Toluidine blue. X 840

disease (4—12 months after sensitization), a variable number of inactive and active
plaques was found. However, the clinicopathalogic correlation was poor. In the late
chronic stage (12-24 months after sensitization), definite clinical relapses were in-
frequent, but when present, correlated better with pathology, because of the gener-
ally lower disease activity.
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The pathology of the demyelinating lesions in the chronic stage of the model
was characterized by primary demyelination with axonal preservation, gliosis,and
oligodendrocyte loss. In later chronic stages of the disease, peripheral remyelination
in the spinal cord and shadow plaque formation in the brain was noted. The demy-
elinating lesions started in perivenous distribution, but with increasing size large con-
fluent demyelinated plaques with or without activity in the borders were found. The
topographical distribution of the lesions within the brain and spinal cord closely re-
sembled the pattern found in multiple sclerosis. We also noted that, similarly as
in MS, some vessels in old demyelinated plaques revealed increased permeability [8].

Thus, depending on the stage of the disease when the animals died or were
killed, pathological lesions were found closely resembling those described in the differ-
ent types of human inflammatory demyelinative diseases (acute and subacute hem-
orrhagic leukoencephalitis, acute perivenous leukoencephalitis, and acute and
chronic multiple sclerosis). Thus in our opinion, these data stress the close patho-
genic relationship of these different diseases, as has been postulated by several pre-
vious authors [9, 13].

Studies on the morphological sequence of myelin degradation revealed that the
Luxol fast blue positive myelin degradation products were rapidly transformed into
PAS-positive, ultrastructurally polymorphic debris, without formation of sudano-
philic neutral lipid droplets. This is of particular interest because of the description
of abundance of PAS-positive material with similar ultrastructure in human in-
flammatory demyelinative diseases [16, 17, 26, 27]. The reason for the lack of a su-
danophilic stage in chronic relapsing EAE is not yet clear; however, in EAE in mon-
keys, the occurrence of sudanophilic degradation products has been described [24,
26]. In Wallerian degeneration in the CNS, the sudanophilic stage, although pres-
ent, is much less pronounced in small rodents, as compared to larger animals and
man [12]. Therefore, species differences may account for differences of macrophage
ability to handle cholesterol esters and triglycerides.

It is generally believed that myelin basic protein (MBP) is responsible for the in-
duction of EAE. Based on this assumption, we investigated the stimulation of periph-
eral lymphocytes by MBP. However, our data indicate that a positive correlation
with respect to sensitization to MBP is present only in the acute episode of the dis-
case. In addition, up to now we have been unable to induce chronic EAE with
plaque-like demyelination by sensitization with MBP. Our studies on neuritogenic activ-
ity and chemical properties of guinea pig anterior and posterior root myelin also
indicate that antigens other than MBP play an important role in the recurrence of
EAE and the formation of large demyelinated plaques [14].
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Refinement of the EAE Model Utilizing Various
Synthetic Adjuvants and Bacterial Fractions:
An Attempt to Produce a Chronic Model of EAE

Y. NAGAIY, K. AKIYAMA !, S. KOTANI?, T. SHIMONO?, T. SHIBA %, and T. YAMAMOTO*

Introduction

Although there is a great difference between the EAE model and MS, it is still
worthwhile to scrutinize and refine the EAE model to gain an insight into an immu-
nopathological aspect of MS and find a clue to making its modulation possible. In
previous papers [4, 5], we have demonstrated that EAE can be induced in guinea
pigs by a combination of a synthetic determinant heptapeptide and a synthetic adju-
vant peptide in the form of incomplete Freund’s adjuvant (IFA). In this paper we
describe an attempt to further simplify this model, by which a use of hydrocarbons
and detergents inherent in the adjuvant method is not necessary. Secondly, we de-
scribe a reevaluation and analysis of suppression of EAE induction, performed by
presensitization with complete Freund’s adjuvant alone, as originally reported by
Cunningham and Field in 1965 [2].

Materials and Methods

Immunization and Pretreatment

Outbred male Hartley guinea pigs, weighing 350—400 g, were used throughout this
study. Myelin basic protein (MBP) was prepared from white matter of bovine brain
as described previously [5]. This preparation caused a 100% incidence of EAE in
guinea pigs at a dose of 10 ug in complete Freund’s adjuvant (CFA). In the present
experiments, 30 ug of MBP were used for EAE induction using CFA containing
100 ug of heat-killed Mycobacterium tuberculosis, human virulent Aoyama B strain
unless otherwise specified. '

For prevention and challenge treatments, 0.25 ml volumes of aqueous solutions
of antigen and/or mycobacteria (or test materials) were emulsified in a syringe with
0.1 ml of Arlacel A and 0.4 ml of Bayol F, whereupon 0.1 ml portions were injected
into the indicated sites of guinea pigs.
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Evaluation of clinical signs of EAE was performed as follows: 0= no apparent
change; 1=body weight loss and a slight paralysis or paresis; 2 = paralysis accom-
panied by slight diarrhea and/or incontinence; and 4 = intensive paralysis accom-
panied by diarrhea and incontinence. Challenged animals were weighed and in-
spected daily.

Liposome Experiments

In this experiment, a synthetic adjuvant, N-acetyl-muramyl-L-alanyl-D-isogluta-
mine (MDP) was acylated with various straight or branched chain fatty acids at C,-OH
of muramic acid residue as later mentioned and those acylated MDP are designated
as AcMDP. Synthetic dipalmitoyl lecithin (0.6 ml, 15.4 mg/ml, chloroform), 0.6 ml
of cholesterol (5.8 mg/ml, chloroform), 0.6 ml of dicetyl phosphate (Plainview, New
York) (1.1 mg/ml, chloroform) and 0.75 ml of synthetic 6-O-(acyl)-N-acetyl-mura-
myl-L-alanyl-D-iso-glutamine (AcMDP) (2.88 mg/ml, chloroform-methanol 1:1, v/v
mixture) were combined in a small conical flask, evaporated to dryness with a ro-
tary evaporator, and then left in vacuo in a desiccator for 2 h. To the dried thin film
of the above lipidic materials, 1.0 ml of aqueous MBP or synthetic determinant de-
capeptide (P-10) solution (1.0 mg/ml, PBS, pH 7.2) was added and mixed vigorous-
ly with a vortex mixer. The liposome suspension was further sonicated for 5 min in
a sonic bath (Bransonic 220, U.S.A.) and each 0.2 ml of the suspension was adminis-
tered to a guinea pig. The liposome consisted of lecithin, cholesterol, and dicetyl
phosphate in a 2.0:1.5:0.2 molar ratio. Each guinea pig thus received 200 ug of
MBP (or P-10) and 360 pg of AcMDP, respectively. As a control, 0.5 ml of aqueous
MBP or P-10 (2.0 mg/ml, PBS, pH 7.2) were added dropwise into 0.5 ml of clear
aqueous solution of AcMDP (4.18 mg/ml, PBS, pH 7.2). A turbidity developed, fi-
nally resulting in a suspension. The suspension was sonicated for 10 min in a sonic
bath (80 kc/s, Laboratory Supplies Inc., New York) and each 0.2 ml of the suspen-
sion, which contained 200 pg of MBP or P-10 and 418 ug of AcMDP, respectively,
was administered into a guinea pig. The amino acid sequence of the synthetic P-10
used is H-Arg-Phe-Ser-Trp-Gly-Ala-Glu-Gly-Gln-Arg-OH [5].

Results

Simplication of EAE Model

In 1976 we demonstrated a simplified EAE model in which EAE could be induced
in guinea pigs by a combination of synthetic encephalitogenic peptides and mura-
myl dipeptides (MurNAc-L-Ala-D-isoGln, MDP) effectively at a dose on the micro-
gram level [4, 5]. In this system, the synthetic heptapeptide, H-Trp-Gly-Ala-Glu-
Gly-Gln-Arg-OH, was the shortest peptide causing EAE (Fig. 1). MDP is also effec-
tive in monkey EAE (Ohtani et al., unpublished data). This refined system, how-
ever, still needed hydrocarbon and a detergent in the form of Freund’s type adjuvant.
Therefore, further simplication was attempted by administration of antigen in the
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Fig. 1. Minimum structural units (a) and struc-
tural formula (b) for encephalitogen and for ad-
juvant in the induction of EAE in guinea pigs.
Encephalitogen (upper): H-Trp-Gly-Ala-Glu-
Gly-Gln-Arg-OH; Adjuvant (lower): MurNAc-L-
Ala-p-isoGln
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form of liposomes, in which no such oily admixture is necessary. For this purpose,
MDP was acylated at C;-OH of a muramic acid residue by either a straight-chain
C,, fatty acid, stearic acid, or C,, or C;, a-branched long-chain fatty acids, i.e., 2-tet-
radecylhexadecanoic acid (C,,) or 3-hydroxy-2-tetradecyloctadecanoic acid (C,,,
mycolic acid). These acids have the following structure:

CHL(CH,), _
P CH-COOH and

CH,(CH,),,

OH

|
CHs(CH2)14 - CH

tCH—COOH, mycolic acid (C,,).
CH,(CH,),,

These AcMDP were incorporated into liposome membranes containing MBP or
P-10, and administered to the animals. Up to the present we have succeeded in pro-
ducing EAE in the case of 6-O-stearoyl MDP (MBP antigen: clinical, 2/4; histologi-
cal, 2/4; P-10: clinical 0/5; histological, 0/5) and also in the case of 6-O-C,-MDP
(MBP antigen: clinical, 3/5; histological 2/5; P-10: clinical, 1/5; histological, 0/5).
In the former case, liposome antigen was first administered in foot pads of hind legs
and an i.p. booster injection was given 24 days after the first injection. In the case of
MBP, clinical signs (weight loss and evident paralysis, but no diarrhea and inconti-
nence) appeared 6 days after the booster. Histopathological examination revealed
disseminated lesions characteristic of experimental allergic encephalomyelitis, con-
sisting in one case of perivascular cuffs and compact or discrete cell infiltration into
the nervous parenchyma. Myelin sheath was found to disintegrate in the foci with
dense cell infiltration. These changes were predominately distributed in the hippo-
campus, diencephalon, brain stem, and the cerebellar white matter. A tiny focus was
also present in the anterior column of the thoracic cord. In another case, a slight cell
infiltration was observed in the fimbria of the hippocamus and the septal nuclei.
None of the other cases showed histologically positive lesions. No clinical and histo-
logical positives were observed with an i.v. booster (0/5). P-10 administration failed
to induce EAE either by i.p. booster or by i.v. booster.

In the latter case (6-O-C,-MDP), where the liposomal antigen was administered
first in the foot pads of the hind legs, weak but distinct paralysis occurred 7 days af-
ter injection (MBP, 1/5; P-10, 1/5). But after a foot pad booster injection given 41
days after the first sensitization, 3 out of 5 animals developed severe paralysis, diar-
rhea, and incontinence when MBP was injected, and two of them, which were histo-
logically positive, died. Among the three surviving animals, two were dubiously pos-
itive on histological examination. With injection of P-10, however, no such change
occurred after the booster, and the only animal that became infected recovered, sur-
vived, and was sacrificed 5 weeks after the booster. However, this case was histolog-
ically negative. Experiments with C,,-MDP failed to induce EAE. Liposomes using
either stearylamine instead of dicetyl phosphate or bovine brain sphingomyelin in-
stead of dipalmitotyl lecithin also failed. Mere injection of a PBS suspension of anti-
gen (MBP and P-10) and AcMDP produced no EAE positive clinical or histological
results.
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Prevention of EAE Using Bacterial Cell Components

In 1965 Cunningham and Field reported a protection against EAE in guinea pigs by
pretreatment with CFA alone [2]. Since only a few studies have appeared since
then, we extended this study.

As shown in Table 1, a single foot pad injection of CFA containing 100 ug of a
human virulent strain of mycobacteria, Aoyama B, effectively protected guinea pigs
from EAE. However, a loss in body weight was observed in some of the animals.
This is consistent with the report of Cunningham and Field [2]. The protection
lasted for up to at least 26 weeks, while pretreatment immediately followed by a
challenge after 3 days failed to prevent EAE.

The degree of protection seemed to depend on the injection site (Table 2). A com-
bination of a pretreatment by foot pad injection and a challenge by intradermal injec-
tion on back skin was found to be most effective and reproducible. We then tested
prevention with various strains of bacteria (Table 3). The results showed that a hu-

Table 1. Prevention of EAE by pretreatment with CFA*

Exp. No. Interval Clinical (Survival)
(weeks) EAE
1 1 0/5 %)
2 2 0/5 )
3 3 0/5 ®)
4 4 0/5 )
5 13 0/5 ®)
6 26 0/4 4

* CFA: mycobacteria, human virulent strain Aoyama B;

100 pg (f.p.)
Challenge with MBP in CFA; 30 ug (i.d.b.)

Table 2. Dependency of prevention on injection sites *

Exp. No. Sites Clinical Clinical (survival)
score (mean) EAE

Prevention Challenge

1 f.p. i.d.b. body wt. loss 0/5 )
only
2 f.p.(L) f.p.(R) 33 4/4 )
fp. id.b. body wt. loss 0/4 4)
only
4 fp (L) f.P.(R) 4.0 4/4 ©)

* Aoyama B strain, 100 ug, was used for prevention in exp. No. 1 and 2, and BCG, 100 pg in
exp. No. 3 and 4
f. p. (L): a foot pad of left hind leg; f. p. (R): a foot pad of right hind leg; i. d. b.: intradermal
injection on back
30 pug of MBP was used for challenge a week after the pretreatment
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Table 3. Prevention with various strains of bacteria *

Bacteria strains Onset of clinical Clinical score Clinical (survival)

signs (days) EAE

Animal no. Animal no.

1 2 3 4 1 2 3 4

Aoyama B - - 0/5 %)
BCG - -° 0/4 “4)
Myc. rhodochrous 14 12 12 12 4 1 42 4/4 ©0)
(ATCC 184)
N. corynebacteriodes 16 12 - - 1 400 2/4 (2)
(ATCC 14898)
N. corallina 12 16 14 12 1 2 2 1 4/4 (2)
(ATCC 14347)
Stm. gardneri 17 14 12 17 2.2 21 4/4 3)
(ATCC23911)

* Pretreatment: CFA containing 100 ug of each bacteria injected on foot pads of hind legs;
Challenge: MBP (30 ug) in CFA by i. d. b. route a week after the pretreatment
® Only loss of body wt. observed

Table 4. Prevention with various subfractions of cell walls *

Subfractions of Onset of clinical Clinical score Clinical  (survival)
cell walls signs (days) EAE

Animal no. Animal no.

1 2 3 4 5 1 23 4°5
1 (MDP) 15 12 12 21 16 1 3 1 4 1 5/5 ©0)
2(LD-3Y-01)° 12 15 14 15 - 22230 5/5 ©0)
3(WSA)« 12 ~ 15 3~ 4 5/5 0)
4 (NCCM-1-1)¢ 14 6 14 - - 1 1100 3/5 )
5(NCCM-1-2) ¢ 2 12 15 - - 32200 3/5 (1)
6 (SGCM-1-2)* 4 27 15 - - 21100 3/5 ()

¢ Prevention: 100 pg of each subfraction were used (f. p. injection) Callenge: 30ug of MBP
(i. d. b. injection)

® LD-3Y-0l: cell wall glycopeptide, bis disaccharide peptide subunit dimer from Lactobacillus
plantarum [5)

¢ WSA: water-soluble adjuvant prepared by endopeptidase degradation of the cell walls of

Staphyrococcus epidermidis (free of specific structure, and glycan portion remained intact)

NCCM-1-1: a cell wall component of Nocardia corinebacteriodes prepared with M-1 enzyme;

having a structure of (mycolic acid)-arabinogalactan-peptide glycan

¢ NCCM-1-2: a cell-wall component similary prepared as in the above NCCM-1-1; peptide
glycan portion alone

t SGCM-1-2: a cell wall component of Streptomyces gardneri prepared with M-1 enzyme; hav-
ing a structure of a phosphorous-containing specific structure linked to a peptide glycan
cleaved
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Fig. 2. Fractionation of BCG cell components [7]. No. 1 WCB, whole cells; No. 2 CE, from cell
envelope; No. 3 CW, from cell walls; No. 4 CP10P, water-insoluble cytoplasmic components;
No. 5 CPI10S, water-soluble cytoplasmic components; No. 6 CE/Tr—SDS, from detergent-
soluble cell envelope fraction
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Table 5. Prevention with various subfractions of BCG *

Subfraction Onset of clinical ~ Days of Clinical Clinical (sur-
No. signs (days) death score EAE  vival)
Animal no. Animal no. Animal no.
1 2 3 4 1 2 3 4 12 3 4
1 (WCB) - - - - - - - - - - - - 0/4 4)
2(CE) 5 - - - 19 - - - 1 - - - 1/4 (3)
3(CW) - - - - 23 - - - - - - 1/4 3)
4(CP10P) 515 14 - 1515 14 22 3 2 -1 4/4 (1)
5(CP10S) - - - - - - - = - = = 0/4 4)
6(CE/Tr-SDS) 19 15 14 - 19 19 16 20 1 2 3 - 3/4 )
7(HxRv-CW) - - - - - - - - = - - - 0/4 4
8 (PPDs) 12 16 15 14 17 17 19 16 1 11 2 4/4 0)
9 (control) 19 16 14 17 20 19 15 19 3 3 4 1 4/4 0)
10 (Aoyama B) - - - - - - - - - - - - 0/4 4)

* Prevention: 100 ug of each subfraction were used (f. p. injection); Challenge: 30 ug MBP,
i.d.b. 2 weeks after the pretreatment; Control: Challenge alone; For subfraction, see
legend in Fig. 1

man virulent strain of Mycobacterium tuberculosis, Aoyama B, was most potent, fol-
lowed by BCG.

Preventive activity in several cell wall constituents was then tested, since it has
been clearly established that immunoadjuvant activity resides in cell walls. As
shown in Table 4, activity was found in NCCM and SGCM fractions. It is note-
worthy that no activity was found in MDP and its related compound, LD-3Y-01.

To find where the chemical principle responsible for prevention resides, we per-
formed a careful and mild fractionation of BCG cell components (Fig. 2) [7]. Our
results are summarized in Table 5. Although the results did not definitively show a
distinct localization of activity due to a drawback in using foot pad pretreatment
and challenge assay method, a consideration of the entire clinical course as well as
of the days of onset and of death seems to indicate that activity resides mainly in a
water-soluble cytoplasmic fraction (CP10S) and to a lesser extent in cell walls but not
in PPDy. In this connection it is of note that a purified cell wall fraction (H,,R,—CW)
of a human virulent strain, H;; R,, which was prepared by a pronase treatment, was
quite potent, and that CP10S showed a high delayed-type hypersensitivity upon
skin testing [7].

Discussion

The present study clearly shows that EAE can be induced without the help of
Freund’s adjuvant, if antigen is administered in an anionic form of liposomes con-
taining AcMDP. It should be emphasized that in this simplified model the disease
develops earlier than usual EAE, usually within a week after the last sensitization.
Recently Coon and Hunter [1] reported that the immunological response to bovine
serum albumin can be switched from a humoral to a cell-mediated type by increas-
ing the lipophilicity of antigen by acylation with a medium-chain fatty acid.
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Prevention of EAE using CFA alone is unique in its simplicity and long-lasting
effect (among the various types of protections so far reported). Our study shows that
a mechanism different from the usual type of immunological potentiation by adju-
vant is in operation, since a strong adjuvant, MDP, and related compounds failed to
give this preventive effect. Orbach-Arbouys and Poupon [6] and Germain et al. [3]
report that spleen cells from BCG-treated animals inhibit PHA responsiveness,
mixed lymphocyte reactions, graft-versus-host reactivity, and tumor cell growth in
vitro, in which an involvement of T cells and/or macrophages was suggested. Al-
though the mechanism of the present EAE-preventive effect is unknown, this model
is valuable for an understanding of the underlying mechanism of MS relapses and
may lead to a unique relapsing EAE model. Our study also indicates that the chemi-
cal principle responsible for this prevention may reside in a cytoplasmic fraction of
mycobacteria as well as in cell walls and that this active substance is enriched in hu-
man type strains of Mycobacterium tuberculosis. A study is now in progress to iden-
tify this principle.

Conclusion

1. Myelin basic protein and possibly its determinant decapeptide can elicit EAE,
when administered in the form of anionic liposomes consisting of lecithin, choles-
terol, dicetylphosphate and muramyldipeptide which is acylated at C6-OH of
muramic acid with long-chain fatty acids.

2. EAE induction with myelin basic protein is effectively prevented by a single injec-
tion of Freund’s complete adjuvant alone. The preventive effect is long lasting.
Human type strains of mycobacteria (Aoyama B and H;, R,) were more potent
than BCG and several other adjuvant-active bacteria.

3. Chemical principle responsible for prevention was surveyed on subfractions of
BCG and found to reside mainly in a water-soluble cytoplasmic fraction but not
in PPD;. The cell walls were also effective but to a lesser extent. Other subfrac-
tions (detergent-soluble cell envelope and water-insoluble cytoplasmic fractions)
and synthetic adjuvant-active muramyl peptide and its related compounds were
not effective.

4. Prevention with mycobacterial cell components may provide a way to establish a
new chronic EAE model and to get an insight into the pathogenesis of the chronic
form of EAE.
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Discussion

W. Arnason: It seems to me that there are three major themes that emerge from these
papers. The first is the development of chronic EAE, and I have a slide of chronic
EAE that I'd like to show.

The first mention of EAE was made by Rivers. This is taken from a paper that
Rivers published in 1933 about a monkey with chronic EAE. This was the first mon-
key that ever developed EAE, and it comes from the original paper describing EAE.
Rivers did not have any Freund’s adjuvant, and it was the development of Freund’s
adjuvant which led to the development of acute EAE, and which I think probably
misdirected many of the efforts in terms of EAE for many, many years. In these ear-
ly lesions, shadow plaques and gliosis were also seen. Freund’s adjuvant and tuber-
cle bacilli generally have two effects: (1) they augment the immune response, and
(2) they turn it off. They are potent augmentors of suppression, and I think that is
perhaps what Dr. Nagai was showing when he demonstrated that he could suppress
EAE with complete Freund’s adjuvant. Finally, it seems to me that the report by
Dr. Wisniewski that the antigen in chronic EAE may not be basic protein is of great-
est interest, because I think the same may hold for multiple sclerosis itself. The
data that basic protein is the antigen responsible for MS, at least to me, seems at
present unpersuasive. Finally, the point that Dr. Raine made, that there seemed to
be alterations in T-cell numbers, and possibly in T-cell regulator function in the
chronic and relapsing EAE model, is a point of some importance which I think will
be elaborated during the course of this meeting in terms of MS itself.

T. Yonezawa: In studies on EAE and EAN, selection of animal species for the
experiment is important, since each species develops specific types of allergic chang-
es. Among the various kinds of animals, monkeys develop widespread lesions cha-
racterized by a distribution similar to that of multiple sclerosis and by marked exuda-
tive and necrotic tendency. The histology of these lesions is characterized by fibri-
noid necrosis of blood vessels, serofibrinous exudation, hemorrhage, and infiltration
of polymorphonuclear leukocytes. Nervous tissue elements are necrotized. Elec-
tron-microscopic pictures of these lesions show that the alterations are not demyeli-
native, but degenerative and necrotizing. In other words, myelin destruction is cha-
racterized by slippage of myelin lamella. Axons are swollen, and no neurofibrils and
neurotubules are seen. Inflammatory cells participating in these lesions are mainly
neutrophils.

Most of the animals die in this acute disease process, before demyelinating change
takes place. No matter how immunization procedures are modified (such as by
using a different encephalitogenic substance), animals develop the same identical
alterations. If the animals survive the acute stage, perivascular leukocytic infiltration
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is replaced by monocytes and lymphocytes and characteristic demyelinating chang-
es begin to occur.

In monkeys with EAN, exudative processes are still severe, and the lesions are
often hemorrhagic and necrotic. Histological examination shows moderate edema,
hemorrhage, and perivascular infiltration of neutrophiles. However, exudative pro-
cesses in monkey EAN seem to be less severe, compared to the lesions in EAE. If
these diseased monkeys survive the acute exudative stage, they may develop demye-
linative changes, i.e., perivascular infiltrates are replaced by monocytes and lym-
phocytes. In these lesions, invasion of macrophages into myelin sheaths and split-
ting of myelin lamella are common features of demyelination.

In rabbit and guinea pigs, however, exudative processes seem to be only tempo-
ral and minimal. Edema and hemorrhage are exceptional. Histologically, perivascu-
lar infiltrates are composed of lymphocytes and monocytes. Infiltration of polymor-
phonuclear leukocytes is observed only occasionally. Electron-microscopic examina-
tion reveals demyelinative changes in the lesions, represented by splitting of myelin
lamella caused by infiltrating macrophages, vesicular dissolution of myelin, and
autophage of myelin in the myelin-associated cells.

Immunological analysis also shows species differences. Serum factors, i.e. com-
plement-dependent demyelinating and myelination-inhibiting antibodies, are ab-
sent in monkeys with EAE and EAN. Our previous work suggests that these antibo-
dies are derived from galactocerebroside as a hapten antigen. When rabbits were in-
oculated with galactocerebroside and carrier protein together with CFA, they devel-
oped both demyelinating and myelination-inhibiting antibodies. However, monkeys
are not susceptible to this hapten antigen, and this may be related to the fact that
they do not develop demyelinating antibody with EAE and EAN.

Compared to the serum factor, sensitized lymphocytes from animals with EAE
and EAN are all found to actively participate in demyelination, regardless of species
difference, developing both lymphotoxic and macrophage-activating factors.

Y. Nagai, T. Uchida, S. Takeda, F. Ikuta: The chemical nature of EAN antigen
is not known, although PNS myelin itself can specifically cause EAN at least in rab-
bits. None of three proteins, PO, P1 and P2 (Eylar’s nomenclature), which constitute
major PNS myelin proteins, developed an EAN-inducing potency, when their high-
ly purified preparations were used as antigen [1, 3], except that P1 protein having an
amino acid sequence nearly identical with myelin basic protein (MBP) of CNS tis-
sues regained the EAE-inducing potency. We have found that specific EAN-induc-
ing activity is successfully reconstituted by complexing P2 protein of PNS myelin
with PNS-derived gangliosides [2]. This suggests the necessity of EAN activity of a
specific membraneous conformation of antigenic molecules, in sharp contrast to the
segmental nature of EAE antigen, by which not only MBP having a largely random-
ly coiled disordered structure is EAE-active, but also its short peptide fragments are
still potent (Table 1). In fact, in the preceding paper (see Nagai et al., this volume)
we showed that the shortest EAE determinant active in guinea pigs is a tryptophan-
containing heptapeptide. Thus, the next important step is to elucidate whether the
EAN determinant resides in a particular conformational region of P2 protein, in
specific molecular species of gangliosides, or in both.
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Table 1. Antigenic difference in EAE and EAN

EAE EAN
Antigen Myelin basic P2 protein-
protein (MBP) ganglioside complex
Molecular form Largely randomly- Protein-lipid complex
coiled disordered B-structure (~60%)
structure
Antigenic form Segmental Conformational
(or linear-bound) (membraneous)
Determinant Species-specific a particular conformational region of P2,
peptide fragments specific gangliosides, or both
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Theiler’s Virus Infection of the Central Nervous
System of Mice: An Animal Model of Virus-Induced
Demyelination

H. L. LirtoN and M. C. DAL CANTO !

Historical Perspective

In the 1930s, Max Theiler recovered a virus from the central nervous systems (CNS)
of spontaneously paralyzed mice [11]. Experimental transmission of the virus to
other mice by intracerebral (IC) and intranasal routes of inoculation produced similar
paralytic disease. It was subsequently shown that Theiler’s murine encephalomyeli-
tis viruses are enteric pathogens which usually cause asymptomatic intestinal infec-
tions [8]. These viruses are now known to be small, nonenveloped viruses containing
RNA, and are classified as picornaviruses. The clinical disease and the histopathol-
ogy of the CNS lesions described by Theiler so closely resembled human polio-
myelitis that for many years this infection served as an analog of human polio in a
small laboratory animal.

Theiler also demonstrated that surviving mice had chronic CNS infection [11].
In fact, this was the first report of a chronic virus infection in an animal host. In
1952, Daniels and co-workers discovered extensive areas of myelin destruction in
the spinal cords of four mice sacrificed several months after infection with Theiler’s
virus [2]. Therefore, it was recognized that this persistent infection is associated with
a chronic CNS pathology.

Pathogenesis of Theiler’s Virus Infection

During the past several years, we have studied the pathogenesis of Theiler’s virus
infection in young adult mice. CNS disease is regularly produced by inoculating
mice IC (but not IP) with any of several strains of the Theiler’s viruses. For many
years the strains of Theiler’s viruses which produced chronic CNS infection (desig-
nated TO strains) could only be maintained by brain-to-brain passage in mice, i.e.,
they could not be successfully grown in cell culture. Recently, it has been shown
that these viruses can be adapted to grow and produce cytopathic changes in L929
and BHK21 cells [4]. With this development came the discovery that the TO strains
form small plaques under agar overlay (in contrast to other more virulent strains
which produce large plaques) [4, 5]. It is now clear that the exact pattern of CNS dis-
ease in mice depends in part on whether the TO strains of virus have been adapted
to cell culture.

1 Departments of Neurology and Pathology (Neuropathology), Northwestern University
Medical School, 303 East Chicago Avenue, Chicago, Illinois 60611/USA
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CNS Disease Produced by Brain-Derived Virus

After IC inoculation the majority of mice develop flaccid paralysis (designated early
disease) within 1-3 weeks, and usually only a small percentage die. The majority of
animals recover from paralysis but subsequently develop a spastic gait disorder with-
in 1-3 months (designated late disease) [3]. Mice with late disease manifest a
distinctive waddling and spastic gait, and minimal stimulation, such as jarring the
cage, results in loss of balance and prolonged extensor spasms. Although the clinical
manifestations of late disease are progressive, affected mice generally can be kept
alive for many months.

Infected mice have a brief period of viremia and only limited virus growth in ex-
traneural organs. However, during the first 3 weeks after infection, there is logarith-
mic virus growth in the CNS, and virus antigen is found in the cytoplasm of neurons
and possibly other cell types in the gray matter of the spinal cord, brain stem and
thalamus by fluorescent antibody staining. After 1 month, low levels of infectious
virus are still detectable in the spinal cord, but the titer declines and then dis-
appears with time. Virus antigen has not been observed in the CNS after 1 month.

Although serum-neutralizing antibodies are present after 1 week, there is an un-
usually gradual rise of antibody titers over the first 2 months of infection. In addi-
tion, the kinetics of the cellular immune response to virus is unusual [9]. Spleen cell
reactivity is not detectable until 2 months after infection, but, once established, is
present throughout the first year after intracerebral inoculation in parallel with CNS
virus replication.

The histopathology of this infection is limited to the CNS. Initially, gray matter
involvement predominates, principally consisting of patchy areas of neuronal necrosis,
neuronophagia, and microglial cell proliferation in the spinal cord, brain stem, and
thalamus. As these lesions resolve toward the end of the first month, spinal cord lep-
tomeningeal and white matter involvement commences and gradually increases in
severity. This involvement is characterized by focal collections of mononuclear cells
and some plasma cells in the leptomeninges, in perivascular sites, and extending
into the white matter. Epon-embedded, toluidine blue-stained sections have shown
that myelin is the primary structure damaged in the white matter [1]. Individual de-
myelinated axons as well as clusters of axons are found scattered amidst the inflam-
matory cells, and numerous macrophages containing myelin debris are readily iden-
tified in these lesions. Remyelinating axons and astrocytic gliosis become more pro-
minent with time. Ultrastructurally, stripping of myelin lamellae by mononuclear
cell processes und vesiculation of myelin independent of mononuclear cells are the
morphologic events accompanying myelin destruction. In addition, oligodendrocy-
tes do not appear to be infected, since normal oligodendrocytes are frequently iden-
tified in the vicinity of naked axons, whereas degenerating oligodendrocytes have
not been observed. Virus particles have not yet been seen in the CNS by ultrastruc-
ture, but this is not unexpected considering the relatively low virus titers and the
small size of these virions.
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CNS Disease Produced by Tissue-Culture Adapted Virus

In general, use of tissue culture-adapted TO strains of Theiler’s virus leads to the oc-
currence of late disease in mice without antecedent early disease [7]. In this case,
late disease occurs after a long incubation period, lasting one or more months. The
clinical manifestations, pathological changes, and CNS virus growth of this infection
closely resemble that produced by brain-derived virus as already described. We are
not certain why adaptation of the TO strains to cell culture tends to eliminate the
early phase of poliomyelitis. While this probably merely represents attenuation of
the original virus, it has revealed a unique virus-host interaction for a picornavirus,
a slow infection. Theiler’s virus disease now satisfies the major criteria for slow
infections set forth by Sigurdsson in 1954 [10].

Immunosuppression of Infected Mice

Immunosuppression of experimental viral infections is now a recognized method for
characterizing the role of the immune response in host defense and determining the
mechanisms of cellular injury. Therefore, the effect of immunosuppressive drug treat-
ment of Theiler’s virus infection has been studied [6]. The net result of immuno-
suppression was overall potentiation of the infection with a significant increase in
mortality. Virus replication was enhanced because of slower virus clearance, and
this resulted in longer maintenance of higher virus levels in the CNS. There was a
substantial increase in microglial proliferation and neuronal necrosis in brains and
spinal cords of immunosuppressed Theiler’s virus-infected mice. Taken together,
these findings indicate that Theiler’s virus causes a cytolytic infection of neurons
and possibly other cells in the gray matter. Thus it is reasonable to think that poten-
tiation of a cytolytic infection in the gray matter of infected, immunosuppressed
mice caused the increase in mortality.

In contrast to the augmented gray matter involvement, immunosuppression
caused a dramatic reduction in mononuclear inflammatory cells in the spinal cord
leptomeninges and white matter. Since the induction of the inflammatory response
in CNS virus infections appears to be immunologically specific, a lack of parenchy-
mal inflammation would be expected if such treatment sufficiently suppressed host
immunity. More important, immunosuppressive treatment prevented actual paren-
chymal damage, i.e., demyelination, from occurring, suggesting that the white mat-
ter lesion is immune mediated. The effector mechanism of immunological injury to
myelin remains to be elucidated.

Theiler’s Virus Infection as an Animal Model
for Multiple Sclerosis

We feel that Theiler’s virus infection in mice is an excellent animal model for study-
ing the pathogenesis of virus-induced demyelination and is a good analog of multiple
sclerosis for the following reasons: (1) demyelination is the sole structural change
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during the chronic phase of infection, and neurological disease in the mouse can be
directly attributed to this lesion; (2) active and inactive demyelinating lesions are
commonly present in the same animal, suggesting that there may be recurrent de-
myelination; (3) using tissue-culture adapted virus, mice only develop late disease
(the demyelinating stage of this infection) and this occurs after a prolonged incuba-
tion period; and (4) myelin breakdown appears to be immune mediated. It should
be pointed out that clinical disease in Theiler’s virus infection is progressive rather
than relapsing, that there is often a severe leptomeningitis, and that demyelination
is essentially limited to the spinal cord. In contrast, in multiple sclerosis, there is
usually a distinctive relapsing course, inflammation is not commonly present in the
leptomeninges, and patchy areas of demyelination are distributed throughout the
CNS. The relative paucity of myelin in the cerebral hemispheres of rodents in com-
parison to those of primates may be responsible for this difference in lesion distribu-
tion.
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Acute and Recurrent Demyelination Induced by Wild-
Type and Temperature-Sensitive Mutants of
Mouse Hepatitis Virus. Electron-Microscopic Studies
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Weanling mice infected with the neurotropic JHM strain of mouse hepatitis virus
(MHYV), a coronavirus, develop an acute demyelinating encephalomyelitis [1]. De-
myelination occurs as a result of virus-induced destruction of oligodendrocytes [6].
The severity of the myelitis is related to virus dose, inoculation route, age, and strain
of mice [9]. Further, the manifestation of the disease is significantly altered by in-
oculation of temperature-sensitive (ts) mutants of MHV [3]. The attenuated viruses
produce fewer fatalities, while retaining the ability to destroy oligodendrocytes. This
report describes the morphologic changes leading to acute and recurrent demyelina-
tion in the spinal cord of mice infected with wild type and ts mutants of MHV.

Mouse hepatitis virus (JHM strain) was plaque purified in NCTC-1469 cells.
The infectious titer, expressed as plaque forming units (PFU/ml), was determined
by plaque assay on NCTC-1469 cell monolayers after 48 h at 34° C. The virus was
grown overnight in NCTC-1469 cells at 34° C in the presence of 5-azacytidine
(12 4 g/ml) or 5-Fluorouracil (150 4 g/ml). These mutagen concentrations resulted
in a 100-fold reduction of progeny virus. Mutants, selected for an inability to pro-
duce multinucleated syncytia at 39.5° C, were plaque purified an additional time.
Four week old BALB/c St mice were inoculated by the intracerebral (IC) route with
0.05 ml of virus. In other experiments, mice were infected by intranasal instillation
of virus. Following fixation with Bouin’s solution, tissues were embedded in paraf-
fin, sectioned, and stained with hematoxylin-eosin. Alternatively, mice were perfus-
ed via the heart with 2.5% phosphate-buffered glutaraldehyde. Blocks of the spinal
cords were embedded in araldite, and sections were stained with paraphenylenedi-
amine. For electron microscopy, thin sections were stained with uranyl acetate and
lead citrate and examined using a Siemens 101 electron microscope.

Four representative ts mutants, ts7, ts8, ts11, and ts15, were studied in animal
experiments. The mutants were highly attenuated (Table 1). Whereas 2 PFU of wt
virus killed 50% of the mice, 10,000 PFU of mutant virus were required to induce
the same mortality. Further, mice infected with wt virus usually died within 1 week,
whereas those inoculated with ts mutants did not succumb until 8 to 11 days after
IC inoculation. Lesions also developed after intranasal virus administration. The
degree of demyelination produced by wt virus was dependent on virus dose. A re-
duction in dose resulted in more survivors but also in a decreased incidence of de-
myelination. By contrast, infection with ts8 and ts11 produced a high incidence of
demyelination and a low mortality. However, ts7 and ts 15 had little effect, despite
in vivo virus replication. For electron microscopy, we studied mice sacrificed during

1 Department of Pathology, University of California, San Diego, La Jolla, CA 92093/USA
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the first week at daily and later at weekly intervals from 2 to 126 days after infection
with a ts8 mutant.

The spinal cord of mice infected with either wt virus or ts8 mutants revealed
similar lesions. Changes were noted as early as 4 days after infection. Demyelinated
areas developed throughout the white matter of the spinal cord, with some prefer-
ence for anterior columns and root entrance zones. Widespread subpial demyelination
was often noted but there was no clear relationship of the lesions to vessels. Early al-
terations of oligodendrocytes were observed within the edematous white matter in

Table 1. The neurovirulence and induction of demyelination by mouse
hepatitis virus

Virus Infectious Survival ® Demyelination ®
dose ®

wt 10 3/12 272

wt 2 6/12 2/6

wt 0.4 9/11 1/9

ts7 10,000 9/12 2/9

ts 8 10,000 151/143 19/24

ts 8 1,000 12/12 6/12

ts 11 10,000 16/23 12/16

ts 15 10,000 21725 1721

¢ Plaque-forming units (PFU)/ml
® 11 days after infection, number positive/total number studied

the absence of cellular infiltrates. Oligodendrocytes were identified by connections
of their plasma membranes with myelin lamellae (Fig. 1). The infected cells under-
went proliferative changes prior to degeneration. The hypertrophic cells were replete
with microtubules and filaments. Abundant aggregates of electron-dense granules
were scattered throughout the cytoplasm. These granules most likely represent viral
RNA, since they condensed to form the core of virus particles that budded into dilat-
ed cisterns of endoplasmic reticulum. The spheroid virus was about 80 to 100 nm in
diameter. The inner granular or translucent core was surrounded by an outer mem-
brane studded with fuzzy projections of variable length which constitute the “coro-
na.” The fuzzy outer rim was less well visualized around virus particles of the ts8
mutant. The infected hypertrophic oligodendrocytes were further characterized by
multiple unusual connections of their plasma membranes with myelin sheaths [8].
Degenerating cells with vacuolated cytoplasm were usually devoid of visible virus
particles. After degeneration of the oligodendrocytes, their related disintegrating
sheaths were removed by macrophages derived from hematogenous mononuclear
cells that invaded the damaged tissue by passing between endotheloid cells of ven-
ules. The macrophages stripped the disintegrating myelin sheaths off axons (Fig. 1).
The cells penetrated into the sheaths at nodes of Ranvier. Multinucleated macro-
phages were noted but these cells revealed no virus. There was no evidence of virus-
induced fusion of infected oligodendrocytes.

Mice that survived the acute disease recovered rapidly. Surviving oligodendro-
cytes can multiply and form new myelin sheaths around the denuded axons [5]. Af-
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Fig. 1 A-E. Acute infection with mouse hepatitis virus. A Infected hypertrophic oligodendro-
cyte revealing its connection (arrow) with a myelin sheath. Mature virus particles are seen within
dilated endoplasmic reticulum. X 14,000. B Connection (arrow) of the plasma membrane of
an infected oligodendrocyte with the outer lamella of a myelin sheath. X 70,000. C Wild type
virus in a cistern ofendoplasmicreticulum. X 100,000. D Virus particles of the ts8 mutant in endo-
plasmic reticulum. X 70,000. E A myelin sheath is stripped off an axon (arrow) by a macro-
phage. X 20,000

ter several months, lesions were recognized only by finding fields containing axons
that were surrounded by thinner than normal myelin sheaths (Fig. 2). Late demyeli-
nation association with persistent infection has been described in mice as late as 16
months after wt virus infection [4]. We observed recurrent demyelination within re-
myelinated areas as early as 57 days after infection with ts8 mutant. In focal areas,
macrophages were seen stripping myelin off axons (Fig. 2). Oligodendrocytes in the
vicinity of these lesions contained doughnut-shaped structures within endoplasmic
reticulum which resembled type A oncornavirus particles [2]. These structures were
budding into cisterns of endoplasmic reticulum. Occasional cylindrical shapes were
noted. They averaged about 70 nm in width and always displayed a clear core sur-
rounded by two distinct membranes. Mature C-type particles were not observed. It
is of interest, however, that oncornavirus infection has been shown to damage oligo-
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Fig. 2 A-C. Remyelination and demyelination 57 days after infection with ts8 mutant of
mouse hepatitis virus. A Axons are surrounded by thin, newly formed myelin sheaths.
X 10,000. B Stripping (arrow) of myelin by macrophages occurs within a field containing remy-
alinated axons. X 18,000. C Oligodendroglial cytoplasm filled with doughnut-shaped, A-type
oncornavirus particles within the endoplasmic reticulum. Note cylindrical shape of one of the
particles (arrow). X 70,000

dendrocytes leading to primary demyelination [7]. Studies are in progress to explore
the possibility of an activation of latent oncornavirus in proliferating oligodendrocy-
tes.

In summary, ts mutants of mouse hepatitis virus with enhanced demyelinating
ability have been isolated. Demyelination is due to virus-induced destruction of oli-



Acute and Recurrent Demyelination Induced by Mouse Hepatitis Virus 39

godendrocytes. The cells first undergo hypertrophy showing many unusual plasma
membrane connections with myelin lamellae. The removal of disintegrating sheaths
follows a nonspecific pattern characterized by stripping of myelin sheaths by invad-
ing macrophages. During recovery, new myelin sheaths are formed by prolifer-
ating oligodendrocytes some of which contain structures resembling A-type particles
of oncornavirus. Recurrent demyelination is observed in areas of remyelination in
the spinal cord of mice recovering from MHYV infection.
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Coronavirus Infection in Rats
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Summary

Murine coronavirus JHM infection in rats can be accompanied by different types of
demyelinating central nervous system (CNS) diseases. Infection of suckling rats re-
sults in an acute, disseminated encephalomyelitis affecting both neurons and oligo-
dendroglia cells. After an average incubation period of 2-3 weeks, weanling rats de-
velop a predominantly subacute demyelinating encephalomyelitis (SDE) character-
ized by perivascular cuffings, demyelinated foci, and destruction of oligodendroglia
cells, leaving the neurons and axons intact. After 3-8 months, some of the weanling
rats which do not after 3 weeks display any CNS affection develop a neurological
disease with neuropathological changes similar to SDE. However, in addition to de-
myelination, remyelination is detectable in this disease pattern. Infectious coronavi-
rus can be isolated from all diseased animals. The infection of weanling rats with
coronavirus JHM offers the possibility to explore experimentally the pathogenetic
mechanisms responsible for a virus-associated demyelinating process.

Introduction

Demyelinated lesions occur in several virus-induced CNS diseases of man and an-
imals [12]. The etiologic agents have been identified for most of the diseases, but the
pathogenetic mechanisms leading to the neurological changes are unknown. There-
fore, a laboratory animal model using a virus for which a detailed knowledge of bio-
chemistry and replication exists would be useful for the analysis of the virus-host re-
lationship in demyelination. The murine coronavirus strain JHM meets these require-
ments. The essential structural features of the virion are known [14, 15], a persistent
infection in tissue culture can be established [6, 10] and ts mutants are available
which induce demyelination at high frequency [4]. In mice, JHM infection is accom-
panied by an acute disseminated encephalitis with a short incubation period and ra-
pid death [1, 5, 16]. In weanling rats, however, JHM virus infection leads to a sub-
acute demyelinating encephalomyelitis 1, 7, 8]. Based on this observation, the infec-
tion of weanling rats with JHM virus was further investigated. In the pres-
ent communication the different diseases of rats occurring after JHM infections are
described.

1 Present Address: Department of Pathology, Faculty of Medicine, University of Tokyo.
7-3-1 Hongo, Bunkyo-ku, Tokyo 113/Japan

2 Institut fir Virologie und Immunobiologie, Universitit Wiirzburg, Versbacher Str. 7,
D-8700 Wiirzburg/FRG

3 Neuropathologisches Institut, Universitit Gottingen, D-3400 Géttingen/FRG
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Materials and Methods

Animals

Suckling (3—7 days of age) and weanling (20-25 days of age) rats, strain CHBB/
THOM, were obtained specific-pathogen free from Thomae, Biberach, Germany.

Virus

JHM virus was passaged by intracerebral inoculation in suckling mice and rats and
a 20% brain suspension was used for the inoculation of animals.

Animal Inoculation

Weanling and newborn rats were inoculated into the left brain hemisphere. The ani-
mals obtained approximately 5 X 10* TCID 50 of JHM virus.

Virus Isolation

After dissection under aseptic conditions, the specimens were washed in cold PBS
with antibiotics and homogenized in a glass douncer to give a 15% (w/v) suspen-
sion. The homogenates were absorbed for 1 h on monolayers of Sac(-) cells (0.3 ml/
petridish 20 ccm), washed, and incubated with 5 ml Eagle’s minimal essential medi-
um containing 5% fetal calf serum. Cultures which did not show a CPE characteris-
tic of JHM infection after 48 h were passaged. Sac(-) cells are a mouse moloneysar-
coma line obtained from Dr. Mussgay, Bundesforschungsanstalt fiir Viruskrank-
heiten der Tiere, Tiibingen, Germany.

Immunofluorescence Studies

Cryostate section (8 u thick) were fixed for 10 min in acetone and stained using the
indirect immunofluorescence technique. Antiserum against JHM was prepared in
mice. FITC-labeled anti-mouse immunoglobulin was obtained from Microbiologi-
cal Associates, Maryland, USA. The sera were absorbed with brain powder from
uninfected animals prior to use.

Light and Electron Microscopy
The animals were anesthetized with ether and perfused with a fixative consisting of

2% paraformaldehyde and 2.5% glutaraldehyde buffered to pH with phosphate. For
both light and electron microscopy, coronal sections of brain, spinal cord, and optic
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nerve were made alternatively. The tissue for light microscopy was postfixed in 10%
formalin and embedded in paraffin. The specimens were stained with hemytoxy-
lin-eosin, the Kliiver-Barrera method for myelin and the Glees-Marsland method for
axons. Blocks for electron microscopy were postfixed in 1% osmium tetroxide
buffered with phosphate, stained en bloc with 2.5% uranyl acetate, dehydrated, and
embedded in epon. Thick sections (1 um) were taken from all regions sampled,
stained with 1% toluidine blue, and examined by light microscopy. Thin sections of
selected areas were cut with a Reichert OmU-3 ultramicrotome, placed on formvar-
coated grids, and stained with lead citrate. The preparations were examined with a
Zeiss 10B electron microscope.

Results
JHM Infection in Suckling Rats

Out of 78 animals infected, 57 became moribund with an incubation period of ap-
proximately one week. Neuropathological examinations revealed that the main le-
sions were situated in the cerebral cortex and brainstem. The lesions found in the
brain were usually necrotic with polymorphonuclear leukocyte infiltrations. Neuro-
nal necrosis, neurophagia, and glial nodules were frequently encountered. The le-
sions in the brainstem showed multiple large demyelinating plaques. Viral antigens
were demonstrated by immunofluorescence both in neurons and glial cells. Elec-
tron-microscopic examination revealed intact virus particles in the neuronal and gli-
al cytoplasm [7] Infectious JHM virus was isolated from diseased animals.

JHM Infection in Weanling Rats

JHM inoculations into weanling rats were followed by neurological diseases which
developed either 2-3 weeks or 3-8 months after virus inoculation (Table 1). The
clinical signs consisted of hindleg paralysis or spastic tetraplegia and seizures lasting
up to 1 week. Both groups of animals were neuropathologically examined, and our
observations are described in the following sections.

Subacute Demyelinating Encephalomyelitis (SDE)

Those weanling rats which 2—3 weeks after inoculation developed a neurological dis-
ease revealed neuropathological lesions mainly located in the brainstem, the optic

Table 1. Coronavirus JHM infection in weanling rats

Number of Number of Onset of neurological disease after inoculation Number of
animals diseased animals with-
infected animals out clini-

cal disease

2-3weeks 3 months 6 months 8 months
120 36 33 1 1 1 84
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Fig. 1. Demyelinating lesion of the spinal cord from an animal which developed clinical signs
18 days after infection. Widespread lesion in the right lateral funiculus. Dark cells are macro-
phages loaded with lipid material. Note the spongy state in the anterior funiculus. Toluidine
blue staining. x 40

Fig. 2. Part of the hypertrophically degenerating cell found in a pontine spongy state of an an-
imal with subacute onset. Intact virus particles are visible in vesicles or tubulovesicular struc-
tures. Note the increased amount of microtubules in this degenerating cytoplasma. x 25,000

nerve, and the spinal cord (Fig. 1). The lesions consisted of widespread loss of my-
elin sheaths with preservation of axons and neurons, presenting a primary demyeli-
nation [8]. Lymphoid cells, plasma cells, and monocytes were found scattered in the
lesions and massively around blood vessels inside or near demyelinated foci. Nei-
ther neuronal necrosis, nor giant cell formation, nor inclusion bodies were observed.
Immunofluorescent studies showed that viral antigen was confined to glial cells.
Neurons were always unstained, even in areas where the lesions involved the pon-
tine nucleus. Despite the large amount of viral antigen, intact virus particles were
rarely observed. They were only detectable in hypertrophically degenerated cells
(Fig. 2). These degenerating cells were encountered in the spongy state of the white
matter. A morphological investigation of the initial demyelinating lesions suggested
that the hypertrophically degenerating cells might originate from both astrocytes
and large oligodendrocytes [8]. Infectious virus could be isolated from all diseased
rats.

Demyelinating Disease with a Long Incubation Period

3 animals developed clinical signs 3, 6, and 8 months after inoculation [9]. In these
animals the predominant neuropathological finding consisted of primary demyeli-
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Fig. 3. Small-cell focus found in an animal which developed clinical signs 8 months after in-
fection. Two naked axons (4) are seen. Well-developed myelin sheaths (P) are surrounded by
the basement membrane—). These myelin sheaths correspond to the PNS-type of remyelina-
tion. Myelin sheaths without the basement membrane are thin, compared to the diameter of
axons. These myelin sheaths correspond to CNS-type of remyelination. x 20,000

nation with a mononuclear inflammatory cell response. Demyelinating plaques
were usually large and distributed both in the deep cerebral white matter, the brain-
stem, and the spinal cord. Neurons and axons were well preserved within the le-
sions, which were morphologically similar to those of SDE.

In the animal which developed clinical signs 8 months after inoculation, foci
consisting of an aggregation of small cells and intact myelin sheaths were found in
the white matter of the pons, and spinal cord. Electron-microscopic examination of
these foci revealed numerous thinly myelinated axons and small aggregated cells.
Naked axons and incompletely myelinated axons were also observed (Fig. 3). More-
over, the well-developed myelin sheaths were surrounded by a basement mem-
brane. These morphologically distinct features of myelin sheaths are similar to those
observed during remyelination [2, 3]. Myelin sheaths surrounded by the basement
membrane correspond to the PNS type of remyelination and those without base-
ment membrane to the CNS type of remyelination. The observation of both de-
myelination and remyelination in this animal suggests a recurrent disease process.

Infectious virus was isolated from the cace with a 3-month incubation period. Vi-
ral antigen was detected by immunofluorescence only in glial cells of the white mat-
ter of the pons, and spinal cord. The other two animals were sacrificed by perfusion
for ultrastructural studies. Virus particles could not be detected by electron micros-
copy in these cases. However, it is conceivable that the selected areas were not fo-
cussed to the sites of virus replication.
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Animals Without Recognizable Clinical Signs

In animals which did not display clinical signs, no active lesions were found. How-
ever, in 10 rats out of 24 examined, small-cell foci, and in two additional animals, a
slight hydrocephalus was observed. The small-cell foci were similar to those found
in the diseased animals with long incubation periods. They were found in the cere-
bral crus, pons, cerebellar peduncles, and spinal cord. Electron microscopic study of
the small-cell foci revealed a state of PNS- and CNS-type remyelination (Table 2).
Infectious virus could not be isolated.

Table 2. Summary of the main neuropathological findings of JHM infection in weanling rats

Number  Neurological Incubation Inflammation Demyeli- Remyeli-
of animals disease with  Period nation nation
clinical signs Perivascular  Diffuse
Cuffing

33 + 2-3 weeks + + + -

1 + 3 months  + (+) + -

1 + 6 months  + (+) + -

1 + 8 months  + (+) + +
10 - 6-8 months - - - +
Comments

Intracerebral inoculation of JHM virus in rats leads to different CNS disorders, de-
pending on the age of the animals at the time of infection. Acute encephalomyelitis
occurs in suckling rats and infects both neurons and glia cells. The infection spreads
so rapidly that the animals die within 24 to 48 h after infection which is clinically of
an acute nature. The disease in weanling rats, however, is different from the acute
case. Small and large sharply demarcated demyelinating lesions are located in the
deep cerebral white matter, optic chiasma, pons, and spinal cord, accompanied by
perivascular infiltrations consisting of plasma cells and monocytes. Virus particles
and antigen can only be detected in glia cells and not in neurons, suggesting a selec-
tive vulnerability of glia cells for JHM virus at this age of the animals.

In addition to these diseases, a more chronic CNS infection can develop in rats
months after JHM inoculation. The neuropathological findings are similar to those
observed in SDE, except for the occurrence of remyelination which consists of the
PNS and CNS type. It is noteworthy that infectious virus can be isolated from these
animals, suggesting a state of virus persistency. Remyelination of both PNS and
CNS type first appears in rats at least 2—-3 months after demyelination [3]. Therefo-
re, the finding of this type of remyelination in clinically silent animals suggests that
these animals had a subclinical demyelinating disease some months prior to investi-
gation. In other experiments, weanling rats infected with JHM virus developed, af-
ter 6 to 8 months, a chronic progressive paralysis characterized by hydrocephalus
and myelomalacia [7, 8]. In these cases no direct evidence for a participation of
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JHM virus in this disease was found. The neuropathology of this progressive paraly-
sis differed completely from the late demyelinating disease.

At present it is not known which mechanisms are responsible for the different
CNS diseases observed. It has been shown that susceptibility of mice for a mouse
hepatitis virus infection depends not only on a genetic predisposition, but also on
factors such as age [10, 11, 13]. On the other hand, properties of a virus preparation
may also play a role, since certain temperature-sensitive mutants of JHM virus are
inducing a more pronounced demyelinating disease than the wild type virus [4].

Further studies combining virological, immunological, and biochemical analysis
of JHM infection in vitro and in vivo should lead to a better understanding of the
virus-cell and virus-host interaction in a demyelinating disease.
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Schwerpunkt “Multiple Sklerose und verwandte Erkrankungen”, Az 270/16.
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Search for Viral Nucleic Acids in Multiple Sclerosis
Brain

K. DORRIES and V. TER MEULEN !

Introduction

A viral etiology for multiple sclerosis has been suggested for many years, since epi-
demiological observations tend to call for an agent which is acquired early in life
and which after a long period of latency initiates a disease process. Various virologi-
cal studies have compared the frequency of antibodies against common viruses in
the serum and cerebral spinal fluid of MS patients to matched controls and patients
without neurological diseases. Although measles virus seemed to be the prime can-
didate for a causative agent in MS, increased antibody titers against other common
viruses such as herpes simplex virus, cytomegalovirus, varicella, and adenovirus, as
well as influenza C, parainfluenza 3, mumps, and rubella viruses have also been re-
ported in MS cases. In addition, oligoclonal IgG bands in CSF material are present
in approximately 90% of MS patients, suggesting a local antibody production direct-
ed against viral and other unknown antigens [8]. These observations have prompt-
ed many attempts to isolate infectious virus from MS brain, but the different agents
recovered could not be linked etiologically or pathogenetically to this chronic CNS
disorder.

During the last decade, virological techniques have been developed to detect vi-
ral genomic information in organ material. In principle, viral nucleic acids, especial-
ly of DNA viruses, can be detected either by in situ hybridization or by reassocia-
tion kinetics in biopsy or autopsy material. The high resolution capacity of the latter
technique provides a useful method to look for viral DNA in cell material, as has
been demonstrated for Epstein-Barr virus in lymphocyte cell lines and tumors [7,
13] or for JC virus infection in progressive multifocal leukoencephalopathy [4].

In the present study, this biochemical approach was chosen to detect viral nu-
cleic acids in MS brain. In a first attempt, biochemical probes were prepared from
herpes simplex and adenovirus. Both viruses can persist for a long time in human
tissue [1, 5], and herpes simplex virus in particular has recently been implicated as a
candidate causing MS.

Materials and Methods
Brain Material

Brain material from MS patients and controls were kindly supplied by Dr. R. Mey-
ermann of the Department of Neuropathology, University of Géttingen. Brain tis-

1 Institut fiir Virologie und Immunobiologie, Versbacher StraBe 7, D-8700 Wiirzburg/FRG
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sue was obtained within 10 h after death and frozen immediately at autopsy. MS
brain areas with and without plaques were chosen for DNA extraction.

Preparation of Viral DNA and Cellular DNA of Brain Material

Adenovirus type 2 DNA was kindly provided by Dr. W. Dorfler, Institute for Genet-
ics, University of Cologne. Herpes simplex virus type I (Thea) was grown in Hela
cells with MEM plus 5% fetal calf serum. Viral DNA was labeled by adding 2 uCi
thymidine (sp. act. 15-25 Ci/mmol) per ml to infected cell cultures. Virus particles
were purified [10] from tissue culture fluids by low- and high-speed centrifugation.
Pellets homogenized by a Dounce homogenizer were banded in 17-33% (w/v) neu-
tral sucrose elocity gradients in a Beckman SW 27 rotor for 30 min at 20,000 rpm
at 4° C. Virus particles were disintegrated by 1% sarcosyl and 50 ug/ml Proteinase
K (Merck, Germany) on top of a 20-35% (w/v) neutral velocity sucrose gradient in
10 mM Tris-HCl, 10 mM EDTA, pH 7.4 for | h at 37° C. The gradient was run in a
Beckman SW 27 rotor for 14 h at 20,000 rpm at 23° C. Fractions containing DNA
were sedimented in a Beckman 50 Ti rotor for 15h at 45,000 rpm at 23° C. This
DNA was adjusted with CsCl to a density of 1.710 g/cm?® and spun to equilibrium in
the Beckman 50 Ti rotor for 60 h at 30,000 rpm at 23° C. DNA banding in a single
homogeneous band at a density of 1.711 g/cm?, dialyzed against 10 mM Tris-HCl,
1 mM EDTA, pH 7.4, served as a substrate for in vitro labeling.

For cellular DNA isolation, frozen brain material was disintegrated by grinding
with sterilized sea sand, treated with proteinase K (50 ug/ml) and SDS (1%) in
10 mM Tris-HCl, 1 mM EDTA, pH 8.1 for 1 h at 37° C, followed by three extrac-
tions with Tris-HCl saturated phenol, pH 8.1. After extensive dialysis, the DNA was
treated with DNase-free RNase for 1 h at 37° C, phenol extracted again, and dia-
lyzed against 10 mM Tris-HCI, | mM EDTA, pH 7.4.

In Vitro Labeling of Herpes Simplex and Adenovirus DNA

Viral DNA was labeled by the nick-translation procedure according to Rigby et al.
[9]. 0.25-0.5ug DNA were labeled with 0.5mCi *P thymidine triphosphate
(300-350 Ci/mMol, Amersham Buchler, Scotland), using 1.5 U polymerase I of
Escherichia coli (Boehringer, Germany) and DNase I (Merck, Germany) 10 ng/ml
in a buffer of 10 uM of each of the three triphosphates (ATP, GTP, CTP) in 10 mM
KH,PO,, 50 mM Tris-HCl, 7.5 mM MgCl,, and 0.73 mM mercaptoethanol for
60 min at 17° C. After extraction with phenol, the **P-DNA was separated by a
Sephadex G 50 column in 10 mM Tris-HC], 1 mM EDTA, 0.1% sarcosyl, pH 7.4
buffer. The DNA was stored at —70° C until use. The product of the reaction had a
single stranded length of about 6 S as determined from its sedimentation in alkaline
sucrose gradients.
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Determination of Reassociation Kinetics of Viral DNA According to Britten
and Kohne [2]

Less than 2.5 X 10~ ug of labeled DNA was mixed with 500 ug of cell DNA, lyo-
philized, and dissolved in 500 x1 0.1 M Tris HCI, pH 7.4, 10 mM EDTA 0.05% sar-
cosyl, and 1 M NaCl. The DNA was fragmented to 5 S by sonication, denatured by
heating for 10 min at 109° C, and allowed to reanneal at 68° C. At various intervals,
specimens were frozen at —20° C. After completion of the test, single-stranded and
duplex DNA was separated by hydroxyapatite (Biogel HTP DNA grade) chromat-
ography. Single-stranded DNA was eluted with 0.14 M sodium phosphate 0.4%
SDS, and double-stranded DNA was eluted with 0.4 M sodium phosphate, 0.4%
SDS.

For determination of the reassociation rate of a given DNA, the second order
rate plot proposed by Wetmur and Davidson [12] was used.

Results

Brain material from ten multiple sclerosis patients was available. From these MS
cases, three were diagnosed neuropathologically as acute MS, three revealed a chron-
ic progressive course, and one showed changes typical of relapses and remissions
(Table 1). The control brain tissue was derived from patients who died of an acute
demyelinating encephalitis of unknown etiology, encephalitis with minor inflamma-
tory changes, amyotrophic lateral sclerosis and non-CNS system disease. Virological

and serological data of sera or CSF specimens from these patients were not availa-
ble.

Table 1. Data of patients with multiple sclerosis and encephalitis

Clinical diagnosis Histopathology Age Sex
(years)
Chronical MS Chronic-progressive MS 24 F
MS and pituitary Non secreting adenoma 63 M
gland adenoma
MS with remissions MS 46 F
Chronic-progressive MS Chronic-progressive MS 28 M
MS Chronic-progressive MS 38 M
MS MS 34 M
Acute MS Acute MS 20 F
Acute MS Acute MS 40 F
Acute MS Acute MS 22 M
MS MS 58 F
Acute viral encepha- Acute demyelinating 24 F
litis of unknown aetiology encephalitis
Viral encephalitis Minor inflammatory changes 18 M

of unknown aetiology
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Radioactive-labeled viral DNA was reassociated with cellular DNA of MS brain
and control brain material in order to detect homologous viral DNA in these tis-
sues. Since the rate of DNA reassociation is directly proportional to the total concen-
tration of DNA in the measured probe, any increase in the total amount of homolo-
gous viral DNA would increase the annealing reaction. As a control, a known con-
centration of **P-labeled viral DNA was allowed to reassociate in the presence of
1 mg/ml calf thymus DNA in each experiment. The control reassociation rate was
then compared to the rate of **P-labeled viral DNA with DNA of brain material
(I mg/ml).

Any detectable amount of viral genomic DNA in the MS brain material would
increase the concentration of viral DNA and therefore increase the reassociation
rate over the radioactive control. This is shown in reactions with various amounts of
cold viral DNA mixed to the *2P-labeled homologous viral DNA (Figs. 1, 2). Accord-
ing to the specific activity of the labeled viral DNA, the ratio of calf thymus DNA
to labeled viral DNA is equivalent to a fixed amount of genomes per cell (Table 2).
Figure 1 shows the reassociation kinetics of **P-HSV-DNA with cellular DNA from
MS and control brain. No increase of the reassociation over the control reaction of
32P-HSV-DNA with calf thymus DNA alone was noticed with any brain DNA. This
indicates the absence of HSV type I DNA in MS brain tissue above 0.02 genome
equivalents per cell. The same reactions were observed with **P-labeled adeno type
2 DNA showing no adenovirus DNA of a concentration of 0.04 virus genome equiv-
alents per cell.

Fig. 1. DNA-DNA reassociation kinetics of **P-labeled herpes simplex virus type I DNA (spe-
cific activity 4.63 X 10" cpm/ug) with DNA of different sources. () 500 ug cellular DNA ex-
tracted from brain material of MS or control patients. (O) 500 ug calf thymus DNA and 16 ng
(1.5 genome equivalents/cell) unlabeled HSV I DNA; (O) 500 ug calf thymus DNA and
139 ng (10 genome equivalents/cell) unlabeled HSV I DNA; (00) 500 g calf thymus DNA and
32P-labeled HSV DNA alone. All reactions were carried out at a final DNA concentration of
1 mg/ml. Each point represents a total of 900 cpm
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Fig. 2. DNA-DNA reassociation kinetics
of *P-labeled adenovirus type 2 DNA
(specific activity 1.65 X 10® cpm/ug) with
DNA of different sources. (v) 500 ug cel-
lular DNA extracted from brain material
of MS patients or control patients; (®)
500 pg calf thymus DNA and 0.2 ng (0.08
genome equivalents/cell) unlabeled ade-
novirus DNA; (OJ) 500 ug calf thymus
DNA and 20ng (0.4 genome equiva-
lents/cell) unlabeled adenovirus DNA; (@)
500 g calf thymus DNA and 20 ng (4 ge-
nome equivalents/cell) unlabeled adeno-
virus DNA; (O) 500 g calf thymus DNA
and *P-labeled adenovirus DNA alone.
All reactions were carried out at a final
DNA concentration of 1mg/ml Each
point represents a total of 1000 cpm

Table 2. Sensitivity of DNA-DNA reassociation kinetics with adenovirus
and herpes simplex virus

Viral DNA Specific activity Sensitivity *
(cpm/ug) (°*P-virus DNA copies
per cell detectable)
Adeno virus 1.65x 10° 0.04
type 2
Herpes simplex 4.63%x 107 0.02

virus type 1

ng viral 2p.DNA % mol. wt. of diploid mammalian cell DNA
ng cellular DNA mol. wt. of virus DNA
See L. D. Gelb et al. [6]

* Sensitivity =

Comments

In the present study, MS brain material was examined for genomic information of
herpes simplex type I and adenovirus type 2 by DNA-DNA reassociation kinetics.
These two DNA-containing viruses were looked for with respect to their ability to
produce persistent infections in brain tissue. Brain material from ten MS patients
was available. Among these cases, acute as well as remitting courses of the disease
were found. With a threshold level for the detection of 0.02 genome equivalents per
cell for HSV and 0.04 genome equivalents per cell for adenovirus, no evidence for
the presence of viral genomic DNA was available. The possibility of detecting viral
information by the applied technique depends on the molecular weight and specific
activity of the radioactive-labeled viral DNA as well as on the amount and propor-
tion of viral and cellular DNA in the test specimen [6]. Since plaque and other brain
areas were selected for DNA extraction, it is assumed that viral nucleic acids of the
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two viruses would have been detected within the limitations of this assay if a persis-
tent infection existed. With regard to the specific activity of the viral DNA, a fur-
ther increase of the radioactive label could not be achieved without degradation of
the viral nucleic acid.

The techniques applied here have proven useful in the detection of herpes sim-
plex virus DNA in brain material from cases of herpes simplex encephalitis (Dorries
et al,, in preparation). It could be shown that within the area of the encephalitis up
to 20 genome equivalents per cell were present using a probe with a sensitivity simi-
lar to that which was applied in the present study. In the periphery of the encephalit-
ic foci, a decrease of activity was noted which could be correlated to the neuropa-
thological changes. Our data suggest that in the brain material examined from the
different MS cases neither herpes nor adenovirus is present in amounts detectable
by biochemical methods. Whether viral genetic information can be obtained by
complementation experiments using virus mutants as has been shown for HSV in-
fection in human trigeminal ganglia awaits further investigation [3, 11].
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A Possible Coronavirus Isolation from Multiple
Sclerosis Autopsy Material
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Introduction

While epidemiologic and serologic evidence suggests a viral etiology of multiple
sclerosis (MS), virus isolations have yet to be confirmed. Our laboratory has possi-
bly isolated a coronavirus from two MS patients. Virus was isolated from two of
nine MS patients’ brains at autopsy. This paper reports the isolation methods, the
attempts to identify the virus as a coronavirus, and a preliminary serologic survey
investigating the presence of antibody to this virus in MS and control populations.

Case Report and Isolate No. 1

The patient was a 55-year-old woman with a 28-year history of MS. Her most recent
MS symptoms were related to brain stem dysfunction. An autopsy performed within
4 h following death revealed typical MS plaques in the cerebrum, cerebellum, brain
stem, and spinal cord. Histologic sections of medulla and pons showed areas of de-
myelination surrounded by reactive astrocytes.

Fresh, unfrozen brain stem from autopsy material was prepared as a sterile 10%
homogenate and inoculated intracerebrally (IC) (0.03 ml) into ten weanling BALB/c
mice. Seven of the ten mice died between 2 and 6 months after inoculation. Some
moribund mice exhibited seizures, myoclonic jerks, and limb paralysis. When fresh
brain stem material from a mouse dying 99 days after inoculation was inoculated 1C
into another group of weanling BALB/c mice, the incubation period was de-
creased to approximately 50 days. Mouse brain stem material obtained from these
mice was inoculated into newborn BALB/c mice IC with resultant disease and
death in 12 days. Subsequently, on serial passages, the incubation period decreased
to 3-5 days. The freezing of infected weanling and newborn mouse brain material
during early passage attempts usually resulted in a loss of transmissibility, where-
as fresh, unfrozen mouse brain material consistently produced illness.

Histologic studies in the few moribund adult mice have been negative. However,
in newborn BALB/c mice, the agent induced multifocal areas of spongy change
with relative sparing of neurons and axons. After the fourth passage of this isolate in
newborn mice, necrotizing thymic, hepatic, and enteric lesions were noted. These le-
sions were not present in earlier passages.

1 Veterans Administration Hospital, 1055 Clermont Street, Denver, Colorado 80262/USA
2 University of Colorado Medical Center, Denver, Colorado 80262/USA
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Fig. 1. Electron microscopy of a giant cell with Isolate I reveals 80—120 nm diameter viral par-
ticles in vacuoles and among profiles of the smooth endoplasmic reticulum. x 28,375

Electron-microscopic examination of livers from infected suckling mice has re-
vealed numerous 80-120 nm virus-like particles within vacuoles. Rarely, brains
from the same infected suckling mice revealed similar structures in spongy
areas.

Serologic studies on IC-inoculated weanling mice showed no consistent anti-
body response to pneumonia virus of mice, Sendai virus, reovirus type 3, mouse hepa-
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Fig. 2. Negative stain electron microscopy of virus Isolate I reveals the pleomorphic 80100
nm core surrounded by approximately 10 nm club-shaped spikes. x 180,000

titis virus, mouse encephalomyelitis virus, K virus, polyoma, ectromelia, minute vi-
rus of mice, adenovirus, or lymphocytic choriomeningitis virus when assayed by Mi-
crobiological Associates Laboratory, Bethesda, Maryland, USA. No cytopathic ef-
fect was noted when infected brain material homogenate was inoculated into tissue
cultures of Rhesus monkey kidney, African green monkey kidney, human embry-
onic lung, NCTC-1469, mouse L cells, primary bovine embryonic kidney, primary



56 J. S. Burks et al.

rabbit kidney, W138, BSC-1, MDCK (canine kidney), HELA, HEP-2, VERO, rab-
bit kidney, and primary human amnion.

When infected suckling mouse brain homogenates were inoculated into 17CL-1
cells (a spontaneously transformed 3T3 cell line), syncytial formation (giant cells)
was observed. Electron microscopy on these cultures revealed viral particles similar
to those seen in infected suckling mouse liver and brain (Fig. 1). Negative stain elec-
tron microscopy on infected 17 CL-1 cells revealed virus particles resembling coro-
navirus (Fig. 2).

Case Report and Isolate No. 2

The patient was an 89-year-old woman with a 40 to 50 year history of neurological
problems involving mainly corticospinal tracts with resultant weakness. Also, she
demonstrated cerebellar dysfunction and extraocular movement paresis. Her course
was slowly progressive for the last 30 years without exacerbations or remissions. An
autopsy performed within 4 h following death revealed bilateral pneumonia and de-
myelinated areas in the periventricular white matter, brain stem, cerebellum, and
spinal cord. A mild glial reaction was noted around most demyelinated areas.

Fresh, unfrozen autopsy material was prepared as a sterile 10% homogenate and
inoculated into weanling BALB/c mice IC and 17 CL-1 cells as described in case
report 1. Fresh material from the frontal lobe, occipital lobe, parietal lobe, cerebel-
lum, midbrain, pons, cervical spinal cord, thoracic spinal cord, lumbosacral spinal
cord, and lymph nodes was used in both mice and 17 CL-1 experiments. All mice
remained healthy but on subculture No. 12, synctial formation was noted in the 17
CL-1 cells inoculated with deep frontal lobe material. Coronavirus-like particles,
similar to those seen as Isolate I were noted by electron microscopy in the tissue cul-
ture cells. However, negative stain electron microscopy of tissue culture supernatant
has not been successful in revealing virus particles, probably due to low virus con-
centration in the supernatant. The other eight central nervous system (CNS) areas
from this patient’s brain which were inoculated into mice and 17 CL-1 cells pro-
duced no viral isolation.

Other Isolation Attempts

Although no littermate controls were inoculated with fresh, unfrozen non-MS au-
topsy material at the time of the initial transmission studies, numerous other mice
within the colony have been inoculated with human brain material. This includes
two MS patients whose brain material was frozen before inoculation into mice. Since
the first virus isolation, we have inoculated 97 areas of CNS tissue from five addi-
tional MS patients into weanling mice and 17 CL-1 cells. No virus has yet been de-
tected in this material. Also, we have inoculated fresh, unfrozen material from 28
areas of the CNS from 12 non-MS patients into mice and 17 CL-1 cells with nega-
tive results.
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Serologic Studies

A plaque neutralization assay was developed using the second virus isolate to evalu-
ate the serum and spinal fluid antibody concentrations to this virus in MS patients
and a control population. Serum was diluted 1 : 20 and spinal fluid was diluted 1 : 2
for these tests. Greater than 50% plaque reduction was considered as evidence for
the presence of antibody to the virus. Spinal fluid from five of 140 (3.5%) MS pa-
tients (including the two virus-positive patients) had antibody to the second virus
isolate. No spinal fluid from 43 control patients neutralized the virus. Serum from
85 of 102 (83%) MS patients neutralized the virus at a 1: 20 dilution, whereas only
ten out of 55 (18%) serums from control patients neutralized the virus (Table 1).

Table 1. Neutralization of virus isolate II by se-
rum and spinal fluid from MS and control pa-

tients
Serum® CSF®
MS patients 85/102 5/140
(81%) (3.5%)
Control patients 10/55 0/43
(18%) (0%)

¢ Serum: Number of serums (1 : 20 dilution) de-
monstrating >50% plaque reduction against
Isolate No. 2 / the total number of serum sam-
ples tested

® CSF =Number of cerebrospinal samples
(1:2 dilution) demonstrating >50% plaque
reduction against Isolate No. 2 / the total
number of CSF samples tested

Discussion

The 1solation of coronavirus-like agents using different techniques and two MS pa-
tients presents several unanswered questions. First, what were the origins of the iso-
late? Second, if the isolates did originate from the patients, what is their relationship
to the pathogenesis of multiple sclerosis? Lastly, why should these isolation attempts
have been successful when previous attempts have failed?

There are several possible explanations for the origin of these isolates. First, they
might be contaminating agents from sources other than patient brain material. En-
dogenous mouse coronaviruses are notorious for contaminating isolation and trans-
mission studies. The second isolate is unlikely to be a mouse contaminant virus,
since coronavirus particles have not been found in 17 CL-1 cells. Despite the pre-
cautions taken, the isolates might represent laboratory contaminants.

The possibility that the isolates are coronaviruses from the MS patients is sup-
ported by several facts. First, the presence of neutralizing antibody to this virus in
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the spinal fluid of the two virus-positive MS patients indicates possible viral specific
antibody production within the CNS of these patients. Second, a statistically signifi-
cant, higher percent of MS patients shows antibody to this virus in the serum when
compared to control patients’ serum. Third, coronaviruses are an attractive candi-
date virus for MS, since mouse hepatitis virus, another coronavirus, causes a demyeli-
nating and remyelinating disease when inoculated IC into mice [2]. Finally, corona-
virus particles have been previously identified by electron microscopy in brain tis-
sue of one MS patient previously [1].

If the virus originated from the MS patients’ brains, its relationship to the patho-
genesis of multiple sclerosis would still remain questionable. Activation of a corona-
virus may have been related to a terminal event or to a latent infection which is un-
related to multiple sclerosis. Additional isolations from MS patients in other labora-
tories are essential before an association can be made between a coronavirus and
MS.

The success of our virus isolations may be related to the marked sensitivity of the
virus to freezing, since the virus was not isolated when brain material was frozen.
Many viruses lose some degree of infectivity after freezing. However, most viruses
are numerous enough so that a loss of 90% of the infected particles would not ham-
per isolation attempts. However, if only small numbers of infectious virus particles
are present, freezing the material may decrease the number of particles enough to
prohibit isolation. Therefore, the use of fresh brain material is a possible methodo-
logical advance which may increase the chances of the recovery of a virus(es) in MS.

Emphasis should be placed on the relative rarity of our isolations. To date we
have inoculated 99 fresh CNS homogenates from seven MS patients into mice or tis-
sue culture cells and have isolated the virus in only two of these attempts. We have
found antibody to the virus in only five of 140 spinal fluids from MS patients. If co-
ronaviruses play a role in MS, an explanation for our lack of repeated success in iso-
lations may be that the virus resides in a latent or defective state in the CNS.

While we do not claim to have isolated an agent related to MS, we do hope that
this report will stimulate other investigators to use fresh unfrozen brain material
from multiple CNS sites in future isolation attempts in MS. Coronaviruses should
be looked for specifically in future isolation attempts from other laboratories.

Acknowledgments. This research was supported by a grant from the Kroc Foundation of Cali-
fornia and by Veteran’s Administration Grant No. 1169.
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Defective Viral Infection:
The Rescue of Virus from Antigen-Negative Cells

S. A. STOHLMAN !, A. Y. SAKAGUCHI 2, and L. P. WEINER !

There is epidemiologic evidence for a viral infection in multiple sclerosis (MS).
Over the years, frequent attempts to rescue virus and demonstrate viral antigens in
the brain of MS patients have failed. There have been a number of isolates, but
none have been found to play a role in the etiology of the disease. We have been
studying an animal model of viral-induced acute and chronic demyelination. The
virus, a mouse coronavirus, JHM, is a neurotropic strain of mouse hepatitis virus. In
order to better understand JHM virus chronic infection, we have developed an in vi-
tro carrier culture system of persistently infected mouse neuroblastoma cells [6].

In neuroblastoma cells, we are able to study specific cellular functions in rela-
tionship to persistent viral infection. Analysis of mouse neuroblastoma JHM-infect-
ed carrier cultures (N, cells) did not detect any changes in the released virus popu-
lations even after 40 subcultures of the cells. The properties of the virus continued to
be consistent with those of the parental virus which in the experimental animal pro-
duces acute demyelination. There was no evidence for the production of tempera-
ture-sensitive mutants, defective interfering particles, or interferon [6].

To determine the effect of antibody on the in vitro infection, N; cells were pas-
saged four times in the presence of antiviral antiserum. The presence of specific an-
tiviral antibody ablated the synthesis of infectious virus as well as the expression of
cell surface viral antigen. The majority of the cells retained intracytoplasmic viral
antigen as detected by the indirect fluorescent antibody technique [8]. Removal of
the antibody did not result in the reinitiation of infectious virus production or ex-
pression of cell surface viral antigen, even after ten passages.

The persistently infected cells were cloned in the presence of antiviral antibody
in order to get a population of identical cells derived from a single cell. Single cells
from the persistently infected cultures were added to individual wells of microtiter
plates and grown in the presence of antiviral antibody. Following isolation, the
clones were propagated in the absence of antibody. Removal of the antibody did
not result in the reinitiation of production of infectious virus or expression of cell
surface viral antigen, even after ten passages.

Eighteen clones derived from single cells were established from the original cul-
ture. They appeared to be morphologically identical to uninfected neuroblastoma
cells. Electron-microscopic examination revealed that the clones contained no viral
particles consistent with the morphology of JHM virus, and the doubling times of
the cell clones derived from the infected cultures and uninfected cells were similar.
Eleven of the isolated cell clones had viral antigen detectable by immunofluorescence.

1 Departments of Neurology and Microbiology, University of Southern California, School of
Medicine, 2025 Zonal Avenue, Los Angeles, California 90033/USA

2 Present address: Biochemical Genetics Section, Roswell Park Memorial Institute, Buffalo,
New York 14263/USA
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The antigen-positive clones were refractory to superinfection by JHM virus. Or-
dinarily, 24 h after infection of C-1300 neuroblastoma cells with 0.1 plaque forming
units per cell (PFU/cell) of JHM virus, 80% of the cells show cytopathic effects, and
by 96 h, the culture is destroyed. In the N, culture, free of antibody and producing
infectious virus, the cytopathology of dying cells was consistently around 40%. Super-
infection of the N; cells produced a steady 40% destruction even 96 h post infec-
tion. By contrast, the antigen-positive cell clones (nonproducers of infectious virus)
had no detectable cytopathology with superinfection at 24 h and a very minimal
amount, roughly 10%, at 96 h, a time when control neuroblastoma cells would be to-
tally destroyed. Three clones were also found to be antigen negative. These cells
were similar in all other ways to the antigen positive cells. These clones also resisted
superinfection by 0.1 PFU/cell of JHM virus in the same fashion as the antigen po-
sitive clones.

To determine the nature of the viral antigens, two clones, designated S-1 (anti-
gen positive) and S-3 (antigen negative), were radiolabeled with *H-amino acids
and analyzed by polyacrylamide gel electrophoresis (PAGE) [7]. PAGE patterns in-
dicated no differences between the S-1, S-3, or uninfected neuroblastoma cells.
Using this technique following infection of uninfected neuroblastoma cells with
JHM virus, one can distinguish at least three structural proteins as early as 10 h post
infection. Cytoplasmic extracts tested by complement fixation tests using anti-JHM
virus and polyvalent anti-mouse hepatitis virus antisera (Microbiological Associates,
Rockville, Maryland) were also negative. Membranes derived from virus-infected
cells have been effective immunogens in eliciting antiviral antibody responses in
other viral systems [6]. However, neither membranes from S-1 nor S-3 cells when used
as immunogens in the A/J mice elicited any anti-JHM virus antibody. The sera
were negative when tested by microneutralization, immunofluorescence, and com-
plement fixation tests. In addition, the antiserum which produced the positive im-
munofluorescence in the S-1 clone did not react by complement fixation with the
membrane antigens from the S-1 clone. These studies suggest that the antigen-posi-
tive cells did not have sufficient viral protein expressed to be differentiated from the
host cell proteins by PAGE or serological studies.

The S-1 antigen-positive clone and S-3 antigen-positive clone were resistant to
superinfection by the JHM viruses previously described. This was initially the only
evidence that the S-3 clone might be infected, since over 100 single cell clones of un-
infected neuroblastoma were all found to be susceptible to JHM virus. When the
S-1 and S-3 cell clones were fused to DBT and 17 CL-1 cells, both permissive for
JHM virus, infectious virus was recovered. The fusing agent was polyethylene glycol
[4]. Virus was recovered from S-1 clones in five of seven separate attempts using ei-
ther DBT or 17 CL-1 as the indicator cell. In all fused cultures destined to yield in-
fectious virus, cytopathology was first evident 48 h post fusion and by 96 h involved
all of the permissive cells in the culture, while sparing all of the latently infected
neuroblastoma cells. To our surprise, virus was also rescued in three of six attempts
from the S-3 antigen-negative cells, two times using DBT cells as the permissive cell
and once using 17 CL-1 cells. No virus was recovered following fusion of DBT to
DBT, DBT to 17 CL-1, or 17 CL-1 to 17 CL-1 cells.

The yields of infectious virus in all the cultures was approximately 10° PFU/ml
when titered on monolayers of DBT cells. The clones were also fused with UV-inac-
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tived Sendai virus to DBT, 17 CL-1, and NCTC 1469 cells, but no infectious virus
was detectable in three attempts [3]. It is of importance that the first evidence of
CPE was seen at about 48 h post fusion, and by 96 h all the permissive cells were in-
volved. This would suggest that the viral genome needed 24-48 h to generate viral
proteins, to assemble infectious virus, and to produce cytopathic effect. This is in
contrast to other systems, particularly SSPE, where almost immediately after fusion
infectious virus can be found. The latter instance is consistent with an assembly de-
fect. The time lapse in the JHM virus system suggests that the defect in viral matu-
ration is more consistent with a translational problem. The fusion could have dere-
pressed the viral genome. The virus could not be rescued by other techniques [1, 9].
Cells derived from the clones were also cocultivated with approximately equal num-
bers or tenfold excess of indicator cells at 32°, 37°, and 39° C without the release of
infectious virus. The nature of the viruses designated S-1 JHM and S-3 JHM was of
interest in that studies indicated no evidence of restricted growth at 37° or at 39°;
however, the virus rescued after all the fusions of either S-1 or S-3 clones were re-
stricted at low temperatures, namely 32° C. We have tentatively characterized this
as a cold-sensitive mutant of JHM virus (Stohlman, Sakaguchi, and Weiner, un-
published data).

Neuroblastoma cells have been shown to express neurospecific functions, such
as neurite formation, following an increase of intracellular cyclic adenosine-3'5 mo-
nophosphate (cAMP). This differentiation of neuroblastoma cells is also characteriz-
ed by a decrease in DNA synthesis, a failure to divide, and the presence of increas-
ed protein synthesis, particularly the production of specific neuroenzymes related
to neurotransmitters [5]. In addition, elevation of intracellular cAMP can cause an
increase of viral antigen production and causes accelerated death in a measles-infect-
ed Vero cells (Katz and Weiner, unpublished data).

When S-1 and S-3 clones were treated with 0.5 mM of cAMP and 0.5 mM of
theophylline, a phosphodiesterase inhibitor, both clones died within 96 h of treat-
ment. No expression of differentiation, as defined by neurite formation, was seen,
nor was there evidence of either increased viral antigen or production of infectious
virus. Control cultures of uninfected neuroblastoma cells responded to the drugs by
the expression of a differentiated morphology in approximately 40% of the cells,
and cells remained in culture for 1 week or more. In the carrier culture producing
infectious virus (&), the response to cAMP is also inhibited, but the dramatic effect
of cell death seen following treatment of S-1 and S-3 clones does not occur.

The importance of these experiments to the study of MS is that a virus which is
known to produce demyelination in its natural host can be induced by the presence
of low levels of antibody to become increasingly defective. The defectivity is such
that viral antigens are undetectable by conventional techniques, even in the presence
of complete viral genome. Although there are numerous examples of the rescue
of DNA and RNA viruses from antigen-negative cells lacking virus-induced cyto-
pathic effect, such reports with RNA viruses whose replication does not require a
DNA intermediate are rare. The JHM virus is a positive-stranded RNA virus [2]
and latency with such viruses may indeed be unique. Of further importance to work
on MS is that the cells harboring the viral genome will function normally until they
are asked to perform a specific task. In the case of the neuroblastoma cells, the spe-
cific function we have analyzed is the expression of neurites. We have not yet mea-
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sured the specific neuroproteins or neurospecific enzymes in the neuroblastoma
cells to see what effect the viral genome has on synthesis, but work is in progress. It
is of further importance that the effect on cellular function and the eventual cell
death are not dependent on the production of either viral antigen or infectious virus.
Although the mechanism is not clear, the latent virus genome might interfere with
differentiation by affecting cellular gene expression. One could further postulate
that if such a system were to exist in an oligodendroglia, a latent viral genome could
produce cell death at times when there is high metabolic requirements demanded of
the oligodendrocyte or stress due to other extrinsic factors.
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Some Properties of Cortical Nerve Cells of Adult Rats
Bulk Isolated After Brain Perfusion

H.-H. ALTHAUS' and W. B. HUTTNER?

Introduction

Several methods for the bulk separation of nerve cells have been developed during
the last 20 years. Basically, two procedures are modified in one or another step [5,
6]: First, by mechanical disaggregation of the brain tissue by chopping and then siev-
ing; and secondly, by incubating the brain tissue between the two mechanical steps,
with or without exogenous enzymes.

Various objections have been raised regarding the use of this technique in mean-
ingful biochemical studies on nerve cells.

Objections

There are several objections to the above-mentioned technique:

1. The neurones consist of neuronal perikarya largely shorn of processes. The
loss of processes directly at the perikarya leads to a disruption of the plasma mem-
brane, which is inevitably accompanied by a leakage of intracellular substances like
amino acids, enzymes, RNA and mitochondria; in addition, an influx of non-neuro-
nal substances may occur.

2. The use of trypsin during incubation may produce harmful effects on the plas-
ma membrane of the neurones. It has been shown that trypsin attacks proteins of
the plasma membrane, e.g., glycoproteins. Furthermore, it has been suggested that
trypsin enters the cell. Moreover, contamination of trypsin by desoxyribonuclease
may alter the amount of DNA.

3. Those procedures which provide at least some neurones retaining their pro-
cesses use almost exclusively 10-30-day-old rats as starting material. The morpholog-
ical appearance of bulk-isolated neurones deteriorates when adult rats are used.

4. Some procedures are carried out at quite unphysiological pH values, e.g., pH
4.7 or pH 6.

5. Large variations with regard to cell morphology and cell yield occur using the
same technique; e.g., Rose states that his method has “a fair bit of noise in the sys-
tem”, while Norton points out the “rather fragile nature of the method”.

Additional objections relate to the purity of the obtained cell fraction as well as
the representativeness of these fractions for the cerebral neurones. Furthermore, the

1 Max-Planck-Institut fir experimentelle Medizin, Forschungsstelle Neurochemie, Her-
mann-Rein-Str. 3, 3400 Gottingen/FRG
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substance used in density-gradient centrifugation led to problems, since, for exam-
ple, sucrose can enter the cell and may lead to an inhibition of 5*-nucleotidase or
succinatedehydrogenase.

Perfusion Method

In order to meet this criticism a new method was developed [1, 4]. The procedure
involves (Fig. 1) a vascular perfusion of the rat brain in situ with an oxygenized he-
xose medium containing 0.1% collagenase/hyaluronidase, pH 7.4. The perfusion
lasts for 20 min with a flow rate of 4 ml/min when rats weighing 150-180 g are
used. Thereafter, the brain is rapidly removed from the skull, placed on a cooled
plate, whereupon the cortices are minced with a razor blade, yielding an initial cell-
tissue suspension which already contains free neurones. Further disaggregation is
induced through sieving this suspension. The resulting cell suspension is fractiona-
ted on a discontinuous Ficoll-Fluorocarbon gradient, and the nerve cells are collect-
ed above the fluorocarbon cushion. This method can be used for animals of diffe-
rent ages and species.

Fig. 1. Scheme of the perfusion method
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Fig. 2. Phase-contrast photomicrographs of single neurones obtained from the initial cell-tis-
sue suspension. X 400

Results

Morphological Results

The perfusion leads to a pronounced softening of the brain tissue. This effect is pro-
duced by a swelling of glial processes and a disruption of the basement membrane
of the capillaries, thus causing a predisaggregation in situ. As a result of this treat-
ment, well-preserved neurones can be observed even in the initial cell tissue suspen-
sion. Under phase contrast, 60—70% of the neurones are classified as retaining their
proximal part of processes [1].

A variety of cell types can be distinguished (Fig. 2). The TEM reveals an intact
plasma membrane to which synaptic boutons adhere [4].
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Biochemical Results

The cell yield of 17X 10° neurones/g rat brain compares well with other published
data. The protein (210 pg/cell) and the lipid (95 pg/cell) content is significantly high-
er than previously published values, which might reflect the better-preserved morphol-
ogy of the cells. The activities of two important enzymes — Na*-K +*ATPase (800 nmol
ADP/mg protein X h) and adenylate cyclase (7.4 nmol cAMP/mg protein X h) —
are higher than that of other nerve cell preparations. The amino acid composition
(dansylated AA plus microchromatography) shows the presence of all putative neu-
rotransmitters. The determination of amino acids in neurones from distinct areas is
currently being undertaken.

Hints of Viability

Ninety-five percent of the isolated neurones exclude trypan blue, and these neu-
rones respire well. At least these criteria are not very meaningful for cell vitality.
Moreover, the neurones phosphorylate actively and the cells can be maintained in
culture for several weeks. Some of the cells start to regenerate their fibers after a pe-
riod of a week, and this can be observed by cinematographic analysis [2].

Conclusion

The appropriate perfusion of rat brain with a hypertonic hexose solution containing
collagenase/hyaluronidase produces a predisaggregation of the neurones in situ.
This greatly facilitates the subsequent mechanical dissociation of the nerve cells. A
60-70% portion of the isolated neurones can be classified as retaining processes. A
variety of cell types can be distinguished, and these retain synaptic complexes at
their intact plasma membrane and are viable, which means they are suitable for tis-
sue culture. This procedure meets the above-mentioned objections, for (1) it is per-
formed at physiological pH, (2) enzymes with damaging effects on the neuronal
plasma membrane are avoided, (3) it is highly reproducible, and (4) it may be used
with animals of different ages and various species [3].
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In Vitro Demyelination by Lymphocytes and
Lymphokines from Patients and Experimental
Animals

T. YONEZAWA, N. ARIZONO, M. HASEGAWA, Y. YAMAMURA, and H. Miya

Demyelinating change is a characteristic feature of demyelinating diseases. The
mechanism involved has been thought to be cell-mediated immune processes char-
acterized by activation of macrophages, which invade and phagocytize the myelin
sheaths and the autophage of myelin debris in the myelin supporting cells. In addi-
tion, degenerative changes in sheaths, such as vesicular dissolution, are often observed.

In vitro studies on the demyelination processes using myelinated cultures [3, 11]
have been performed using the aids of circulating antibody or sensitized lympho-
cytes [1, 4, 10].

Our previous works [10, 12] have disclosed that the circulating antibody in exper-
imental allergic encephalitis and neuritis produces myelinotoxic change and acti-
vation of macrophages in vitro. Furthermore, it was found that galactocerebroside is
the hapten antigen responsible for this circulating antibody [6, 13]. However, an-
imals sensitized with galactocerebroside with carrier protein and complete Freund’s
adjuvant did not develop both clinical and pathological EAE, although anticerebro-
side antibody and demyelinating antibody were elevated {13]. On the contrary, basic
protein from myelin sheaths and encephalitogenic peptide did not develop ciculat-
ing antibody, bud produced clinical and pathological lesions characteristic of EAE
and EAN. These results indicate that the pathognomonic significance of the anti-
body in the demyelinating diseases is still uncertain.

On the other hand, sensitized lymph node cells or lymphocytes from peripheral
blood seem to be more responsible for the development of demyelinating changes. The
success of passive transfer of this disease to recipient animals with sensitized lym-
phocytes seems to be especially conclusive evidence for the participation of lympho-
cytes in the occurrence of this disorder [2, 7]. Though in vitro studies with sensitized
lymph node cells or lymphocytes from peripheral blood have been performed by sev-
eral authors [1, 4, 10], details of the mechanism of in vitro myelin destruction have
not yet been explored, and no correlation to in vivo sequences has been established.
The present report will deal with the alteration of myelinated cerebellar and gang-
lion cultures by the application of sensitized node cells or lymphocytes from EAE
and EAN, and from patients’ peripheral lymphocytes. Furthermore, in vitro studies
on the possible effective agent, lymphokines extracted from lymphocytes, are ana-
lyzed.

Materials and Methods

Guinea pigs, rabbits, and Japanese monkeys were sensitized with homogenate of
peripheral nerve, white matter, myelin fraction, or myelin basic protein (MBP) to-

1 Department of Pathology, Kyoto Prefectural University of Medicine, Kyoto/Japan
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gether with complete Freund’s adjuvant (CFA) on the foot pads. About 2 weeks to
20 days after inoculation, the animals developed clinical EAE or EAN.

Lymph node cells obtained from swollen lymph node at the knee were washed
with saline solution and applied to the myelinated cerebellar or ganglion cultures
from rat or mouse being suspended in routine feeding medium (10°-10° cells/ml).

Node cells from some of the animals were cultivated in Eagle’s medium supple-
mented with 3% fetal bovine serum (10° cells/ml), to which concanavalin A (40 pg/
ml), myelin fraction, or MBP had been added. After cultivation for 48 h, the super-
natant was gel-filtered through Sephadex G-200. Each fraction, in an amount of
10 ml, was concentrated to 0.5 ml and applied to myelinated cultures that were
being diluted with feeding media (1:1). At the same time these fractions were ap-
plied to cell line cultures (L cell) to study toxicity. In addition, a macrophage migra-
tion inhibition test was performed using peritoneal macrophages from guinea pigs.

Active fractions for the above-described cytotoxicity were pooled and further
purification was performed using a DEAE-cellulose column according to a techni-
que described by Russell et al. [8]. After condensation, each fraction was again ap-
plied to myelinated cultures. Cytotoxicity to L cells and a migration inhibition test
were also examined.

Using the Ficoll technique, lymphocytes were separated from the peripheral
blood of patients suffering from Guillain-Barre syndrome and polyneuritis of varied
etiology. Lymphocytes were applied to the ganglion cultures.

Alterations in these cultures were followed using an ordinary light microscope.
When needed, the cultures were stained with Bodian’s silver impregnation for axon,
and Sudan black for myelin sheaths, or fixed for EM study.

Results

Effects of Sensitized Lymph Node Cells on the Myelinated Cultures

Morphological alterations of cultures after the application of sensitized node cells
were classified into two types: cytotoxic change, and activation of macrophages and
phagocytosis. The first change was characterized by fusiform swelling of myelinated
fibers, often similar to that seen in Wallerian degeneration. Neurons often develop-
ed granular alteration, although distinct degenerative alteration was not seen in my-
elin supporting cells. These changes were often interpreted as demyelinative alter-
ation. However, these should be considered as toxic change, and swelling of nerve
fibers was more likely to be the Wallerian type of degeneration. When toxicity was
low, this type of cytotoxic change showed simple fusiform swelling of nerve fibers
and the continuity of axon was well maintained. When the effect was severe, neuron
somas became granular and necrotic. Nerve fibers and myelin supporting cells were
also necrotized in a similar fashion. Intermediate toxicity caused granulation of neu-
rons and Wallerian degeneration.

The second change was characterized by an active phagocytosis of myelin by
macrophages present in the cultures. No myelin alterations such as rippling, swell-
ing, or interruption were observed. Once activated, macrophages came into contact
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Fig. 1. Phagocytic activity of macrophage, enhanced by application of lymph node cells from
an EAN rabbit. 36 h after application (living)

with myelin sheaths, the cells stuck to the fiber, and myelin sheaths were gradually
phagocytized. Although these phenomena, Wallerian degeneration and phagocyto-
sis, were observed in different fibers in the same culture, the former type of change
was usually more prominent. An important indication that activated phagocytosis
occured is the fact that the latter change took place in healthy myelin fibers which
did not show any changes suggesting Wallerian degeneration. Degenerative changes
of axons were minimal. On rare occasions, electron-microscopic examination re-
vealed a slight accumulation of neurofilaments.

Thus, morphological changes after the application of sensitized lymph node cells
were divided into two types, cytotoxic change and activated phagocytosis. Target
cells in the former change were not specific, involving many kinds of tissue ele-
ments. In the latter change, however, tissue damage was very specific, involving
only myelin sheaths. In these cases direct contact of applied node cells with myelin
sheaths was not clearly demonstrated. Furthermore, development of toxic or phago-
cytic change did not occur until at least 2 days after the application. Furthermore,
the lymphocyte effect did not require complement in the feeding media.

Effects of Lymphokines Liberated by Cocultivation with Mitogen or Antigen

The culture media of sensitized node cells, to which concanavalin A or myelin com-
ponents had been added, were gelfiltered. The optical density of each fraction is
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shown in Figure 2. This was obtained from a culture medium of EAN node cells
stimulated with basic proteins of peripheral nerve. Each fraction was applied to
the myelinated cultures. Fractions 23 to 25 in Figure 2 had a toxic effect on the gang-
lion cultures. The alterations in the cultures were characterized by swelling of nerve
fibers in mild cases, and by neuronal granulation and necrosis in severe cases.

Fig. 2. UV absorbance, cytotoxicity, and migration inhibitory ratio of gel filtrates. Fractions
number 1-9 were omitted, since these were regarded as a starting buffer. Cytotoxicity and mi-
gration inhibition were most active in fractions 23-25. Molecular weight was estimated to be
roughly 44,000, slightly smaller than bovine serum albumin (BSA)

These changes were very much like those observed in cultures applied with sen-
sitized node cells. However, phagocytic activity of macrophages was not clearly dem-
onstrated in these cultures. But a migration-inhibiting factor for macrophages was
demonstrated in fractions 23-25, as shown in Figure 1. The location of the cyto-
toxicity and migration-inhibiting factor seemed to be the same as described above.
Further separation of these factors was not successful using a DEAE cellulose col-
umn according to the technique of Russel et al. [8]. These two factors were always
found in the same fraction. The molecular weights of these toxic factors in monkey
and rabbit were almost the same and were estimated to be about 44,000. Lympho-
toxin from different EAN animals, such as rabbit and monkey, showed the same
change.

Regardless of the different stimulants, whether mitogens or antigens, the mor-
phological alterations caused by lymphokines were identical. However, lympho-
cytes from adjuvant-sensitized animals did not yield lymphotoxin for nerve culture
by stimulation with myelin, while stimulation with mitogen showed release of lym-
photoxin. On the contrary, lymphocytes from EAN animals released lymphotoxin
by stimulating either mitogen or antigen. Identical relations and results were obtain-
ed using lymphokines from EAE animals.
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Discussion

One of the most remarkable phenomena in demyelinating disease is demyelination.
The mechanism involved is still the subject of arguments. In vitro studies have
shown that demyelinating changes can be produced by application of the circulating
serum factor and purified IgG from EAE and EAN animals. But since this serum
factor has not been found in EAE animals sensitized with encephalitogenic peptide
or MBP, the pathognomonic significance of this antibody for the development of
the disease has been questioned. Furthermore, the circulating demyelinating factor
was not found in EAE monkeys sensitized with white matter and adjuvant. In search-
ing the antigenic substance, galactocerebroside has been implicated as a responsi-
ble hapten antigen. Sensitization of animals with galactocerebroside and carrier
protein together with CFA caused antibody elevation, although the animals did not
show any clinical and pathological abnormalities. Due to the negative results of pas-
sive transfer of the disease with circulating antibody and the absence of antibody in
EAE and EAN monkeys, the significance of circulating antibody in the disease pro-
cesses remains unknown.

Compared to the serum factor, sensitized lymph node cells produced cytotoxic
change, and consequently myelin destruction and enhancement of active phagocy-
tosis of macrophages. Degenerative changes in vitro produced by sensitized lymph
node cells seemed to be identical to those produced by lymphokine released from
lymphocytes. As described above, the two active factors were located in the same
fraction. This may be the reason why phagocytic changes by activated macrophages
in cultures were camouflaged by cytotoxic alteration. However, cytotoxic changes
always exceeded changes in macrophage activity. At present, these results are not
easy to apply to in vivo demyelination. There must be more intervening factors be-
tween the in vivo and in vitro sequences. However, the effects of sensitized node
cells and lymphokines released from sensitized lymphocytes, possibly T cells, were
identical. Therefore, it is very possible that a major part of the T-cell function in the
demyelinating processes is cytotoxic effect and macrophage activation. Both of these
were directed toward destruction of myelin sheaths, and these cellular factors were
always seen, regardless of species differences between experimental animals and the
type of encephalitogenic compound. When lymph node cells from EAN guinea pigs
were labeled with tritiated thymidine and administered to inbred guinea pigs, la-
beled lymphocytes and nonlabeled monocytes or macrophages accumulated in the le-
sions of recipient EAN, suggesting that the lesion was initiated by sensitized lym-
phocytes together with activated macrophages (unpublished data). Therefore, it is
suggested that these T lymphocytes initiate the disease processes. Active agents from
sensitized lymphocytes are considered to be lymphokines. At present, the signifi-
cance of B cells in the demyelination processes is not known. In particular, immuno-
globulin against basic protein has no ability to demyelinate or activate macro-
phages. Further study of the subpopulation of lymphocytes in the allergic process
and in B-cell function is required.
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Summary

Lymph node cells from EAE and EAN animals such as monkeys, rabbits, and guin-
ea pigs were applied to cerebellar and ganglion cultures from rats and mice. The
alterations produced were classified into two types: cytotoxic changes and enhance-
ment of macrophage activity. Lymphokines, liberated from sensitized node cells
which were inoculated with mitogen or antigen, showed the same effects on the ce-
rebellar and ganglion cultures, suggesting that the active agent in the sensitized
node cells and lymphokine is identical. A cytotoxicity test using L cells and a mac-
rophage-migration inhibition factor seemed to result in the same lymphokine frac-
tion, the molecular weight of which was estimated at 44,000.
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The Virus-Host Relationship in CNS Model Cells

K. KOSCHEL !

Virus-Host Relationships in General

In principle, there are three different courses that the virus infection of a cell may
take: (1) The cell may be destroyed by a cytocidal virus; (2) The cell may be trans-
formed into a tumor cell by a tumor virus; and (3) The cell may be persistently in-
fected by a non-cytocidal virus.

All three possibilities may be realized in the central nervous system (CNS). We
were primarily interested in whether a noncytocidal persistent infection could, by it-
self, impair specific functions of CNS cells. This question is not easy to answer when
studying intact animals, for in many cases, the immunological response elicited in
the host might contribute to the symptoms observed and it is hard to say whether
the dysfunctions observed are primarily due to the viral infection or are secondary
to immunological causes. Furthermore, special biological cell functions are hard to
assess in vivo.

However, in some instances, virus infections seemingly provoke no immunologi-
cal reaction and cells are not destroyed by the virus. How could one then explain
the resulting pathological phenomena? It seemed possible that CNS-specific bio-
chemical functions per se might be influenced by persistent virus infection.

This possibility could best be investigated in vitro. The first prerequisite for stu-
dying an impairment of such CNS-specific functions in the absence of any immuno-
logical processes is suitable cells exhibiting the specific functions which one would
like to investigate. Such cells could be (1) primary cells of the embryonic CNS in
culture which can differentiate, (2) CNS-derived tumor cells, e.g., neuroblastoma or
glioma cells, and (3) cell hybrids derived from these cells.

The second prerequisite is the establishment of a persistent virus infection in the
cells. So far, the influence of a noncytocidal persistent virus infection on specific
biochemical functions has only been investigated using tumor cell lines or hybrid
cells. To date, very few data are available and this field might open up completely
new vistas for the study of the virus-host relationship in CNS cells.

What Can We Investigate?

Using the appropriate cell lines and primary cultures, it might be worthwhile to stu-
dy the influence of persistent virus infection on the following parameters:

1 Institut fiir Virologie und Immunbiologie, Universitit Wiirzburg, 8700 Wiirzburg/FRG
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1. Synthesis of neurotransmitters, their release and degradation, and the transport of
precursors or the reuptake of the released transmitters.

2. Differentiation with respect to CNS cell parameters.

3. Morphological aspects, e.g., the influence of virus infection on storage vesicles for
neurotransmitters, tubulin- and actin-like proteins, and neurite extension.

4. Synaptogenesis.

5. Neuroreceptor functions and electrophysiological parameters.

Until now, only the influence of the persistent infection of mouse neuroblastoma
cells with lymphocytic choriomeningitis virus (LCM) on the actylcholine synthe-
sizing enzyme, acetylcholine transferase, and the degrading enzyme, acetylcholine
esterase, have been studied. Oldstone et al. found that these enzyme activities are
decreased by about 50% in infected cells without any influence of the virus on cell
growth, cloning efficiency, and macromolecular synthesis [7]. In my laboratory, we
have studied two additional cell systems infected by two different viruses with re-
spect to the reactions mediated by membrane receptors for specific hormones and
neurotransmitters.

One cell line studied was of glial origin; here we used the C 6 rat glioma cell [1],
in which we established persistent infections with SSPE- and canine distemper virus
(CDV). The other cell was the mouse neuroblastoma Xrat glioma cell 108 CC-15
(NG 15) [4], which we infected with rabies virus (Hep Flury Strain).

Materials and Methods

The C 6 Cell SSPE and CDV System

C 6 cells were cultured in plastic tissue culture flasks in Dulbecco’s modified Eagle’s
medium (DMEM) with 10% fetal calf serum (FCS) in a 10% CO,/90% air atmo-
sphere and were passaged by trypsinization. Infection of C 6 cell monolayers with
SSPE virus (Lec Strain) was performed using a multiplicity of 0.2 infectious units
per cell in DMEM containing 10% FCS.

After 24 h, the virus suspension was removed, and the cells were passaged nor-
mally. The state of infection of the cell culture was determined using indirect immu-
nofluorescence with a patient’s anti-SSPE serum and an FITC-conjugated anti-
human y-globulin antibody.

The 108 CC-15 Hybrid Cell/Rabies Virus System

The hybrid cells (a gift of Dr. B. Hamprecht, Munich) were grown at 37° C in plas-
tic flasks in DMEM containing FCS, the HAT selection additions [5], and 0.02 M
glucose and 3x 10 M NaHCO, (osmolarity 330-340 mOsm) in a water-saturated
atmosphere of 90% air and 10% CO, and were passaged by trypsinization (0.005%
trypsin). Virus infection was performed with rabies HEP Flury strain at a multiplici-
ty of 3 infectious units per cell. After virus adsorption for 45 min at 37° C in a sus-



The Virus-Host Relationship in CNS Model Cells 75

pension of 3X 107 cells/ml DMEM containing 1% FCS and 25 pg/ml DEAE-Dex-
tran (Pharmacia, Uppsala), the cells were seeded onto petri dishes and allowed to
grow in fresh medium. The percentage of infected cells in culture was estimated by
determination of intracytoplasmic (RNP) and membrane-bound viral antigens
using the direct immunofluorescence technique with specific FITC conjugated anti-
sera.

Receptor-Mediated Adenylate Cyclase Reactions and cAMP
Determinations

For receptor tests, infected cells and uninfected controls were freed from growth
medium, washed twice, and incubated as monolayer cultures with the receptor-spe-
cific substances dissolved in serum free DMEM. After 10 min, the incubation medi-
um was removed and displaced by 5% trichloroacetic acid (TCA) for cell denatura-
tion. The content of the dishes was collected and centrifuged at 2000 g. The pellet
was redissolved in 1 M NaOH and protein was determined using the method of
Lowry et al. [6].

The supernatant was freed from TCA by ether extraction, lyophilized, and
CAMP determined using the method of Gilman [2]. Specific cAMP concentrations
were calculated as pmol cAMP per mg protein.

The C 6 Cell/Paramyxovirus System

The parameter that we studied was the f-adrenergic receptor of the cells. Incuba-
tion of uninfected cells with catecholamines is followed by a fast rise in the intracel-
lular cAMP level [3]. In the presence of the phosphodiesterase inhibitor
3-isobutyl-1-methylxanthine (IBMX) and catecholamines, we found a 100 to 1000-
fold increase in cAMP level after 20—30 min. Persistent infections by SSPE-virus
and canine distemper virus (CDV) could be established. The time dependence of vi-
ral antigen appearance in the cell population could be demonstrated using immu-
nofluorescence technique (Figs. 1. 2).

During the time shown, the C 6/SSPE system produced infectious virus. In the
C 6/CDYV system we could detect viral membrane antigens and infectious virus only
at the beginning. In later passages. neither viral membrane antigens nor infectious
virus particles were observed either inside or outside the cells. However, there was
an intracellular accumulation of cytoplasmic viral antigens, especially RNP. Cells
taken late in the stage of viral persistence did not show morphological changes or
changes in the growth rate when compared with the uninfected one. Even so, in the
infected cells, the f-receptor mediated cCAMP response (pmol cAMP/mg protein) to
catecholamines was reduced to about 50-20% of the control of uninfected cells. The
dose-response treshold of the catecholamine used (D,L-isoproterenol) was unchanged.

Because infected cells showed neither an enhanced cAMP release into the medium
nor more rapid degradation of the cyclic nucleotide formed, we conclude that the
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Fig. 1. Time course of viral antigens in persistently SSPE virus infected C 6 rat glioma cells.
(@) total immunofluorescence, viral antigens. (O) viral membrane antigens, immunofluores-
cence

synthesis of cCAMP itself is reduced in infected cells. The analysis of the kinetics of the
fluoride-stimulated adenylate cyclase in a cell-free system (not documented here) has
shown the specific activity of the enzyme to be diminished. The enzyme activity is suf-
ficiently reduced to explain the reduced cellular cAMP response after incubation with
catecholamines. Michaelis-Menten kinetics show that the binding of the substrate ATP
to the enzyme is unchanged. It is therefore possible that, in the infected cell, only the
number of enzyme molecules is lowered. Further studies are necessary to clear up this
point. The other system used in our experiments was the 108 CC-15, hybrid cell/ra-
bies virus system.

The 108 CC-15 Hybrid Cell/Rabies (Hep Flury) Virus System

Rabies virus can efficiently infect mouse neuroblastoma Xrat glioma cell hybrids.
Within a timespan of 24—48 h, nearly all cells in the culture show an increase in vi-
ral membrane antigen on the cell surface and an accumulation of viral RNP antigen
in the cytoplasm. The cells produce infectious virus. A persistent infection can de-
velop in the cell culture (Fig. 3).
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Fig. 2. Time course of viral antigens in persistently CDV infected C 6 rat glioma cells. Co-
lumns labeled with G. C. indicate percentage of giant cells in the culture and also show the
percentage of cells with viral membrane antigens on their surface. The percentage of cells
which show viral antigens in the cytoplasm is indicated by (@)

Fig. 3. Time course of viral RNP antigen in persistently rabies virus (Hep Flury) infected
mouse neuroblastoma X rat glioma hybrid cells. The numbers inside the figure indicate pas-
sage numbers of the cell culture
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Fig. 4. Specific intracellular cCAMP concentrations in uninfected and rabies virus (Hep Flury)
infected 108 CC-15 hybrid cells after incubation with different hormones and neurotransmit-
ters: a Cells incubated with 2.5X 10 M prostaglandin E, (PGE,) with and without the addi-
tion of 1X10~* M IBMX (values shown with SD). b Cells incubated with 2.5X 10=> M pros-
taglandin E, (PGE,) alone (with and without the addition of 1x10-* M IBMX) and simul-
taneously with PGE, and 2.5X 10~° M D,L-Isoproterenol (IPROT) in presence and absence of
IBMX (values shown with SD). ¢ Cells incubated with 2.5X 10~ M PGE, alone (with and wit-
hout addition of IBMX and simultaneously with PGE, and 1X 10~ M acetylcholine (ACH)
with and without IBMX (values shown with SD)

As is known from other cell systems infected with rabies virus, viral processes
exhibit a certain periodicity, as shown for the viral RNP antigen in Figure 3. To cir-
cumvent the objection that changes observed in infected hybrid cells might be due
to a loss of chromosomes after long periods of cultivation, we used the cells 48—72 h
after infection by the rabies virus in our experiments. The growth rate of the cells is
unchanged after infection. Papers by Hamprecht et al. and Nirenberg et al. have
shown that the 108 CC-15 hybrids are suitable model cells for cholinergic neurons
(see [4] for references).

Among the many known characteristics of these cells, we chose a series of hor-
mone- and neurotransmitter-receptor mediated reactions to investigate the influ-
ence of rabies infection. These receptor reactions affect intracellular cAMP level in
two differing ways.

One type of receptor activates the synthesis of CAMP after binding of an agonist
(PGE,-, PGF2a- and adenosine-receptor). The second type of receptor inhibits, by
binding of an agonist, the stimulation of cAMP synthesis normally caused via the
first type of receptor. Inhibition occurs if the cells are incubated simultaneously with
the appropriate agonists for both types of receptors. In our cells, the inhibiting re-
ceptors are the a-adrenergic receptors, opiate receptors, and muscarinic acetylcho-
line receptors. Figure 4 shows the receptor response of infected cells compared to the
uninfected cells in culture after incubation for 10 min. By inhibiting the cAMP-de-
stroying phosphodiesterase with IBMX, one obtains higher intracellular cAMP lev-
els. However, the relationship between the columns is unchanged. Figure 4 a shows
that the PGE,-receptor reaction is reduced by about 50%. By analogy, the PGF2a
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and the adenosine receptor responses are reduced by about 40% and 30%, respecti-
vely. Figure 4 b shows that the a-adrenergic receptor response with D,L-isoprotere-
nol in combination with PGE; is reduced by 90%. By analogy, the opiate receptor
response with methadone in combination with PGE, is reduced 90%.

The muscarinic acetylcholine receptor (Fig. 4 ¢) and the opiate receptor in com-
bination with PGF2« (not shown) and adenosine (not shown) are not influenced by
virus infection.

The different behavior of the receptor-mediated signal transfer in rabies virus-
infected cells leads us to conclude that the infection has either influenced the recep-
tor sites or their coupling to the adenylate cyclase. Adenylate cyclase activity, as
measured by the in vitro incubation of membrane preparations in the presence of
fluoride, is not impaired in infected cells (not documented here). In this respect there
exists a difference between the rabies-infected hybrid cells and the paramyxovirus-
infected C 6 glioma cells, where we observed a reduction of specific enzyme activity.
Both cases, however, lead to the same result: a virally induced dysfunction of the
membrane receptor-mediated signal transfer in the receptor/adenylate cyclase sys-
tem. Such dysfunctions could explain the phenomena of pathological disorders of
cell communication in the CNS even in the absence of cell destruction.

Acknowledgments. The work was supported by the Deutsche Forschungsgemeinschaft, grant
SFB 105.
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Attempts to Transmit Multiple Sclerosis to Newborn
and Germ-Free Nonhuman Primates: A Ten Year
Interim Report

W. A. SIBLEY, S. S. KALTER, and J. F. LAGUNA !

Relatively few reports of attempts to transfer multiple sclerosis (MS) to primates
have been made. Hudson and Grinker [6] inoculated Rhesus monkeys, but observ-
ed them for only 12 months, and found no pathology. Schaltenbrand [9] inoculated
many monkeys and a few men. In the monkey he occasionally obtained an illness
which could not be distinguished from a spontaneous leukoencephalomyelosis, a
naturally occurring illness of this species. The Laboratory of Slow, Latent, and Tem-
perate Viruses at the National Institutes of Health in the United States inoculated
two adult chimpanzees and 12 adult Rhesus monkeys with MS brain material intra-
cerebrally (IC) and IV. Two of these animals died in 1969 and none of the 12 remain-
ing have developed disease relating to the inoculation in 11 years [4]. The report by
Gibbs and Gajdusek is the only attempt to transmit MS in primates in which the in-
oculated animals were observed for more than 12 months.

We began attempts to transmit MS to nonhuman primates in early 1969. New-
born animals were used almost exclusively, because their immunologic capabilities
are much less than those possessed by adult animals. This is attested to by their in-
creased susceptibility to a variety of viral infections and by the greater ease with
which tumors can be transplanted in newborn animals [8]. Later, in 1973, the pro-
gram incorporated newborn nonhuman primates that were maintained as long as
possible in a germ-free (GF) state. GF animals were used because evidence was
emerging at that time that they were more susceptible to certain infections. For
example, Heberling et al. [5] had reported that GF baboons inoculated with mon-
keypox experience a fatal infection, whereas conventionally reared baboons expe-
rienced only a mild infection and all recovered.

Five varieties of nonhuman primate species were inoculated: chimpanzees, ba-
boons, marmosets, cebus, and squirrel monkeys. It seemed important to inoculate a
wide variety of species because of evidence indicating marked differences among
various species in susceptibility to a variety of human viruses. For example, measles
produces a mild and inapparent infection in most primates but an overwhelming
and often fatal disease in marmosets [2]. The chimpanzee and New World monkeys
are susceptible hosts for kuru, but transmission to baboons and some other simians
has not been successful [3].

1 Department of Neurology, University of Arizona College of Medicine, Tucson, Arizona,
and the Southwest Foundation for Research and Education, San Antonio, Texas/USA
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Materials and Methods
Recipients

The animals inoculated were 53 nonhuman primates: 32 baboons, 7 chimpanzees, 5
marmosets, 5 cebus, and 4 squirrel monkeys.

The numbers of animals inoculated with MS material and those inoculated with
control brain or remaining uninoculated are indicated in Tables 1 and 2, respective-
ly. All of the baboons and chimpanzees and two of the marmosets were inoculated
in the newborn period, usually 24 to 48 h after birth. The remaining marmosets, ce-
bus monkeys, and squirrel monkeys were adult animals.

Donors

Donors were eight patients with MS and four patients without MS. Five MS speci-
mens were postmortem brain — the autopsy being done in less than 4 h in all except

Table 1. Monkeys inoculated with MS material

Total Total Surviving Dead or sacrificed

No. Follow-Up No. Time to death

(mean)* (mean)*®
Baboons (N. B.) 25 12 92 13 36
Chimpanzees (N. B.) 6 3 77 3 19
Marmosets (N. B.) 2 - - 2 3
Marmosets (adult) 3 - - 3 15
Cebus M. (adult) 3 0 3 38
Squirrel M. (adult) 2 1 48 1 43
Total 4] 16 86 25 29
® Mean survival and time to death in months
Table 2. Control monkeys
Total Total Surviving Dead or sacrificed
No. Follow-Up No. Follow-up
(mean)® (mean)®
Baboons (N. B.) 7 4 96 3 26
Chimpanzees (N. B.) 1 - 1 19
Marmosets (N. B.) - - -
Marmosets (adult) - - - - -
Cebus M. (adult) 2 - - 2 39
Squirrel M. (adult) 2 2 49 - -
Total 12 6 80 6 36

2 Mean survival and time to death in months
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one. Three MS specimens were biopsies: one of the brain and two of lymph nodes.
Brain tissue was selected so that adjacent frozen sections showed lesions with some
activity (e. g., perivascular round cell infiltrates). Ten percent suspensions preserved
at —70° C prior to inoculation were used. In two inoculations, cerebrospinal fluid
frozen at the bedside from a patient with acute MS was used.

Five animals were inoculated with cells from tissue culture explants of MS mate-
rial — two with explant cells from two different MS brains and three with cells from
explants prepared from MS lymph nodes from three different patients.

In all, 41 animals were inoculated with MS material — 35 were primary donors
and 6 with blind-passage brain material from MS-inoculated animals that develop-
ed neurological symptoms during the course of the study. Twelve animals served as
controls — four received non-MS brain material IC and eight remained as uninocu-
lated controls. Inoculations were made IC in all cases.

Results
Clinical

To this date, neurological symptoms have developed in six MS-inoculated animals —
17% of those 35 animals receiving material from primary donors, and in none of 12
controls. The symptoms were epilepsy in four, mental subnormality and failure to
thrive in one, and intension tremor of the arm in one.

The general mortality rate has been high — 25 of the 41 MS-inoculated animals
have either died or have been sacrificed because of severe illness (61%), whereas
exactly 50% of the 12 control animals have died. Most of the deaths in both groups
have been due to various kinds of infection (Table 3).

Table 3. Causes of death (21 MS-inoculated mon-
keys)

Epilepsy

Bronchopneumonia

Gastroenteritis

Septicemia (staph, aureus)

Meningitis (pneumococcus)
Pulmonary hemorrhages and skin rash
Small bowel necrosis (intususception)
Nephritis

Sacrificed

Unexplained

00 B = = W W N

Total

[N
w

Four animals were reared in the GF state, and maintained GF for several
months, after being inoculated with MS explant cells in the newborn period. All of
these animals have died. Three had severe bacterial infections, although these infec-
tions sometimes occurred many months following discontinuance of the GF state
(Table 4).
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Table 4. Germ-free animals

Animal Inoculum Time Survival Cause of death
germ-free  Time

Baboon MS brain biopsy 6 months 27Tmonths  Suppurative
(1012) explant dermatitis; septicemia,
thymic atrophy
Chimpanzee MS lymph node 2 months 19 months ~ Pneumonia
explant cocultivation enteritis

with recipient
amnion cells

Marmoset ~ MS node explant 3.5months 4 months Pneumonia

(1)

Marmoset ~ MS node explant 1 month 1 month Intussusception

(10) bowel; pulmonary
fibrosis

Pathology

Neuropathological examination was performed in 31 animals. Twenty-five had
been inoculated with MS material. Histology of control and experimental animals
has usually shown either no abnormality, or nonspecific minor changes. In no in-
stance has a demyelinating lesion been seen.

Several of the animals have shown nonspecific changes including subependymal
gliosis, especially in the floor of the fourth ventricle; this was noted in one baboon
who developed a right-arm intention tremor during the study. One other animal
had ependymal granulations. There was unilateral dilatation of a lateral ventricle in
one baboon, probably a congenital anomaly.

Another baboon was sacrificed because of status epilepticus 1 month after in-
oculation, and had rare glial nodules in both the grey and white matter — a type of
lesion indicative of discrete focal necrosis and seen in viral infections, bacteremic
states, and trauma. Two baboons showed swelling and mucinoid degeneration of
the oligodendroglia, a nonspecific change seen commonly when death occurs after
prolonged coma.

Of special interest was the finding in three chimpanzees and one marmoset of
basophilic concretions, with staining characteristics of mucopolysaccharides — with
iron and calcium deposits — in the basal ganglia and periventricular areas. All had
been inoculated with MS material. However, there was no associated necrosis,
cell loss, or reactive gliosis. Similar lesions were seen in three chimpanzees inoculat-
ed as newborns with 6/94, a parainfluenza virus, by Lief et al. [7]. In another ani-
mal reported by these authors, however, the concretions were found in the cortex as
well as in the basal ganglia and were associated with widespread cortical cell loss
and gliosis. These authors considered it possible that the more marked pathology
was an exaggerated example of the same process that produces the benign concre-
tions. They thought it possible that it was related to periventricular leukomalacia of
infancy as described by Banker and Larroche [1].
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Fig. 1. Perivascular infiltrate of mononuclear cells and phagocytes in the basal ganglia of a
squirre] monkey inoculated with MS material IC 4 years prior to death. No demyelinating le-
sions were seen

One squirrel monkey, dying of undetermined cause 4 years after inoculation
with MS material showed rare areas of perivascular infiltration with mononuclear
cells and phagocytes in both the grey and white matter, suggesting an infectious
process; however, there was no associated clinical abnormality, and no demyelinat-
ing lesions were seen (Fig. 1).

Discussion

If MS is due to a virus, and if the demyelinating lesions are the usual response to
that virus, then this study, to date, must be regarded as negative. If, on the other
hand, the typical lesions of MS develop only as an occasional response to a virus in-
fection, due to special host factors, then perhaps some of the neuropathological
changes so far seen in this study may be significant.

We believe that this is the largest MS transmission study ever attempted in non-
human primates. We have used a variety of species and have inoculated animals
with the best available MS material, at a time of life when they should have been
maximally susceptible to virus infection. On the whole, we conclude tentatively that
this study lends little support to the idea that MS is a disease of viral etiology. It will,
of course, be necessary to follow the surviving animals for longer periods, and the
results to date do not exclude this possibility.

Acknowledgments. This research was supported by grant no. 855-A-10 from the National Mul-
tiple Sclerosis Society, New York, New York.
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Laboratory Investigations in Relation
to the Etiology and Pathogenesis of MS



Introduction

H. J. BAUER!

There is as yet no specific diagnostic laboratory test for MS. However, a battery of
cerebrospinal fluid (CSF) findings — mononuclear pleocytosis, normal or only slight to
moderate elevation of total protein, but a pronounced increase of IgG — the demon-
stration using the formulas of Ganrot and Laurell, Link, or Tourtellotte that this is
of CNS origin, and the appearance of subfractions, oligoclonal bands in the gamma
range (Lowenthal and coworkers), represent a combination which is highly patho-
gnomonic for MS and of decisive value in establishing clinical diagnosis in cases with
atypical symptomatology and course. Mononuclear pleocytosis, with the appear-
ance of plasmocytes, is the earliest alteration found by routine examination of CSF.
In the majority of cases it is a transitory finding, followed within 612 weeks by an
IgG increase of persistent nature. The IgG increase in CSF is found in 60—80% of all
MS cases, and oligoclonal bands have been demonstrated in 70-90% of CSF speci-
mens from MS patients.

These findings reflect immunological phenomena in the course of MS, and be-
yond their diagnostic significance and potential value in assaying the process activ-
ity, they are valuable entrées for the exploration of immune reactions leading to de-
myelination. This motivated the selection of laboratory investigations in relation to
the etiology and pathogenesis of MS as one of the main topics of this symposium.

Inevitably, immune reactions of humoral or cellular nature in the CNS, as re-
flected by CSF findings, must involve the extraneural immune systems; the CSF al-
terations in all probability are secondary to the immunopathological events that
take place before the demyelinating process is set off and maintained within the
CNS.

Consequently, the examination of humoral and cellular components of the
blood using serological, virological, biochemical, and morphological techniques to-
day holds a dominating position in laboratory studies investigating the pathogenesis
and possibly the etiology of MS. The following reports exemplify some of the im-
portant approaches and results in this area of MS research.

1 Neurologische Universititsklinik Gottingen, Robert-Koch-StraBe 40, D-3400 Gottingen/
FRG



Production of Interspecies Hybridomas Between CSF
or Blood Lymphocytes from Patients with
Neurological Diseases and Mouse Myeloma Cells

M. SANDBERG-WOLLHEIM !, M. SHANDER 2, C. M. CROCE 2, and H. KOPROWSKI 2

Lymphocytes obtained from cerebrospinal fluid (CSF) of cases of multiple sclerosis
and aseptic meningitis have been shown to produce oligoclonal immunoglobulins
(IgG and IgA) in culture [10]. However, it is difficult to analyze these immunoglob-
ulins for their antibody specificity because the lymphocytes that secrete them have a
short life span in vitro [10]. On the other hand, somatic cell hybrids between antibo-
dy-secreting lymphocytes of mice and P3X63 Ag8 mouse myeloma cells con-
tinue to produce antibodies against a variety of antigens even when maintained in
culture for long periods [6]. Therefore, we fused lymphocytes from human CSF with
mouse myeloma cells in an attempt to obtain interspecies hybrids that would pro-
duce human globulins and antibodies directed against a specific antigen. To increase
our chances of obtaining viable hybrids, we also fused lymphocytes from peripheral
blood of patients with mouse myeloma cells. These experiments were undertaken in
the knowledge that it would be difficult to produce hybrids expressing functions of
human immunocytes, since the number of B lymphocytes in CSF or blood commit-
ted to react against a specific antigen is small in contrast to the number of such cells
in the spleen of mice immunized against a specific antigen [6].

Patients and Methods

Patients

As shown in Table 1, the cells used for hybridization were obtained from the CSF of
two patients and the blood of three patients. Patients AH and 1B had a sudden onset
of impaired vision in one eye, defective color vision, and central scotomas in the vi-
sual field 6 days (AH) and 2 months (IB) prior to the time when blood (AH) and
CSF (IB) were obtained. The clinical diagnosis of optic neuritis was based on the
symptoms and ophthalmologic findings. The CSF showed a mononuclear pleocyto-
sis of 54 cells/mm?® for patient AH and 40 cells/mm? for patient IB. The total pro-
tein content of the CSF was slightly elevated, and electrophoresis revealed an oli-
goclonal pattern in the gamma globulin region of IB’s CSF. Patient TA suffered
from three attacks of neurologic symptoms including sensory disturbance, spastic
paraplegia, and ataxia over a period of 1% years. He was recovering from the
third attack when his blood was drawn. On several occasions his CSF showed a mo-
nonuclear pleocytosis ranging from 40-60 cells/mm?®. The total CSF protein was

1 Department of Neurology, University Hospital, S-22185 Lund/Sweden
2 The Wistar Institute, 36th Street at Spruce, Philadelphia, PA 19104/USA
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Table 1. Source of human lymphocytes®

Patient ~ Ageandsex  Clinical Time after Cells Number of
diagnosis onset cells fused with
P3x63 Ag8
OA 23M Herpes zoster 2 weeks CSF 4.1x10°
BL 5%x107
TA 25M MS 1% years BL 5x107
AH 25F Optic neuritis 6 days BL 5%x107
IB 22F Optic neuritis 2 months CSF 5.8x10°

= CSF =Cerebrospinal; BL = Blood Lymphocytes; M= Male; F =Female

within a normal range but on electrophoresis an oligoclonal pattern was seen in the
gamma globulin region.

The fourth patient, OA, had clinical symptoms of herpes zoster with pain sensa-
tion and vesicles in the region of the right external ear. In addition, he had periphe-
ral facial paralysis, impaired neurogenic hearing, and no vestibular function on the
right side. CSF showed a mononuclear pleocytosis of 294 cells/mm?; the number of
cells had decreased to 84 cells/mm® at the time the CSF was obtained for fusion
purposes. The total protein and glucose were within a normal range; there were no
oligoclonal bands on electrophoresis. The titer of herpes zoster antibodies was 1 : 2
in CSF and 1 : 20 in blood 4 days prior to the time CSF and blood cells were obtain-
ed for fusion purposes.

Fifty milliliters of CSF were obtained from patient OA by one lumbar puncture.
The sample was immediately centrifuged at 1500 rpm in an International centrifuge
for 7 min at room temperature, and the cells were washed once with minimal essen-
tial medium (MEM) and used for fusion. Patient IB was tapped five times every 2%
hours, 40 ml of CSF being obtained on each occasion. The CSF samples were
processed in the same way as in the case of patient OA, but the cells from each of
the five samples were resuspended in 0.5 ml of MEM and kept in a shaking water
bath at 37° C until all the samples were collected. The cells were then pooled, cen-
trifuged at 1500 rpm for 7 min and used for fusion with P3X63 Ag8 cells.

White blood cell counts of all four patients were within a normal range at the
time blood was collected. Fifty milliliters of heparinized venous blood were drawn
from patients OA, TA, and AH, and lymphocytes were obtained by separation on
Ficoll-Hypaque gradient [4].

Fusion Procedure

The number of human lymphocytes mixed with P3X63 Ag8 mouse myeloma cells
is shown in Table 1. In the case of CSF lymphocytes, the ratio of human cells to
mouse myeloma cells was 1 : 10 and in the case of blood lymphocytes, 1 : 2.

Fusion with PEG was performed according to the procedure previously describ-
ed. The fused cells were placed in T-25 Falcon Flasks in HAT medium [12] contain-
ing 10% fetal calf serum and 10% horse serum and incubated at 37° C in 95% air/5%
CO,.
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Assay for Human Globulins

Hybrid cells were labeled with *H-leucine for 24—48 h. The supernatant was precipi-
tated at 4° C for 1 h with rabbit anti-human y or p and goat anti-mouse y globulin.
These samples were added to a prewashed Staphylococcus Aureus pellet and preci-
pitated at 4° C for 30 min. The immune precipitates were washed and dissolved in
2% SDS, 10% glycerol, 80 mM Tris-HCI, pH 6.8, 0.1 M DTT, PMSF, and Brom phe-
nol blue before electrophoresis. The samples were heated to 80° C for 10 min. Elec-
trophoresis was performed in 11% discontinuous slab gels as described by Laemmli
[7]. Gels were embedded in DMSO-PPO, dried and autoradiographed on Kodak
RP-5 X-ray film.

The presence of human IgG in hybridoma medium or mouse ascites produced
by hybridoma was also determined in competitive microradioimmunoassays [5] in
which binding between '*I-labeled human IgG and rabbit anti-human F(ab*), of
IgG was inhibited by the hybridomas.

Karyologic Analysis

Chromosomes of hybrid cells were banded by the trypsin-Giemsa method accord-
ing to a modification of the procedure described by Seabright [2, 11].

Isozyme Analysis

Hybrid cultures were assayed for the expression of human glucose-6-phosphate de-
hydrogenase (EC1.1.149) by a previously described method [8].

Results

Frequency of Hybrid Production

Cultures obtained by fusion of CSF cells of patient OA with P3X 63 Ag8 mouse my-
eloma cells were transferred from T-25 flasks to FB16-24TC Linbro plates 36 h after
fusion. Fused cells obtained from other patients were kept in T-25 flasks.

Table 2 shows the hybridomas produced by the different combinations of hu-
man and mouse cells. Within 2 weeks after fusion of blood lymphocytes from pa-
tients OA, TA, and AH with mouse myeloma cells, we observed small colonies of
cells larger than the parental P3X 63 Ag8 cells in all T-25 flasks. In cultures obtain-
ed by fusion of CSF cells of patient OA with mouse myeloma cells, colonies of hy-
brid cells were observed in 2 out of 18 wells 5 weeks after fusion. In cultures obtain-
ed by fusion of CSF cells of patient IB with mouse myeloma cells a few colonies of
hybrid cells appeared in one T-25 flask within 5 days after fusion. Many of the colo-
nies degenerated within the next few days, therefore a feeder layer of WI-38 human
fibroblasts was added to the flask in order to support growth of the hybrid cells.
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Table 2. Hybridomas produced by fusion of human lymphocytes with P3X63 Ag8 mouse
myeloma cells*

Patient Origin of Ratio of No of G6PD Presence
lymphocytes  culture vessels clones —— ofhuman
showing produced Human Mouse chromosomes
presence of
hybrid cells
OA CSF 2/18° 18 + + +
Blood 4/4 60 + + +
TA Blood 4/4 not + + +
cloned
AH Blood 4/4 N 20 + + +
IB CSF 1/4 not + + +
cloned

* CSF=cerebrospinal fluid; G6PD = glucose-6-phosphate dehydrogenase
® Refers to wells of Linbro plate. All other cultures were kept in T-25 flasks

Formation of hybrid colonies was then observed and the feeder layer was removed
by addition of 10~* M oubain to which human cells, but not mouse or mouse X hu-
man hybrids, are sensitive [1].

No difficulties were encountered in maintaining viable cultures of all hybrids in
the course of numerous cell transfers. The hybrid cells were grown in HAT medium
in a suspension culture at 37° C and transferred to fresh medium every 5 days.

Karyological and Isozyme Analysis of Hybrid Cultures

All hybrid cultures retained the entire complement of parental P3 X 63 Ag8 mouse
cells. The hybrid lines segregated human chromosomes, retaining 5 to 7 human
chromosomes as shown in Figures 1 and 2 for the hybrid produced by CSF lympho-
cytes of OA patient with P3X 63 Ag8 cells. Isozyme analysis for the presence of hu-
man glucose-6-phosphate dehydrogenase (G6PD) showed presence of the human
form of the enzyme in all hybrids investigatd (Fig. 3, Table 2) confirming the presence
of human chromosome X, which was also detected by karyological analysis (Figs. 1, 2).

Production of Human Immunoglobulins by Hybrid Cultures

As shown in Table 3, media of the hybrid cultures obtained by fusion of OA blood
lymphocytes with mouse myeloma cells showed the presence of human IgM. This
culture was cloned [3], and one out of 40 clones showed the presence of human IgM
as detected by SDS polyacrylamide gel electrophoresis. This clone was found to
produce 30 pg of human IgM/ml of culture medium by a Biorad immunofluores-
cent (Biorad Laboratories, Inmuno-Fluor, Richmond, California) quantitative assay
for human IgM. No human IgA or IgG was detected using this method.
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Fig. 1. Karyotypes of hybrid cell OA CSF X P3X63Ag8. This hybrid contains a complete
mouse chromosome complement and 5 to 7 human chromosomes

Table 3. Immunoglobulins secreted by hybridomas

Source of lymphocytes Secretion of human immunoglobulins by hybrid cells
Patient Cells IgM IgG IgA
OA CSF - tre -
Blood + - -
TA Blood - - -
AH Blood - - -
IB CSF - - -
* tr=trace

In the case of hybrid cultures between OA-CSF lymphocytes and mouse myelo-
ma cells, ascitic fluid obtained by inoculation of pristane-primed nude mice with
one of the hybrid clones was assayed in a competitive radioimmunoassay (see Pa-
tients and Methods) against human IgG and found to show 70% inhibition at a
1: 10 dilution. Medium obtained from mouse P3X 63 Ag8 myeloma cultures did



Man-Mouse Hybridomas Secreting Human Immunoglobulins 95

Fig. 2. See legend to Figure |

(=) ———————p (+)

P3
IB CSF x P3 F3
OA CSF x P3C3

OA CFS xP3C2
T1080

Fig. 3. Zymogram of glucose-6-
phosphate  dehydrogenase on
starch gel electrophoresis. Extracts
of the parental mouse cells P3 and
a human control cell T1080 show
GO6PD separation. The hybrid cul-
tures IB CSF X P3 F3, OA
CSF x P3 C3, and OA CSF X P3
C2 show positive expression of hu-
man G6PD

not inhibit this reaction. Thus, we consider that this hybrid produces at least traces
of human IgG (Table 3). The immunofluorescent Biorad assay also exhibited traces
of human IgG; less than 0.1 pg of human IgG/ml was detected in the supernatant
of a clone of the OA-CSFxXP3x63 Ag8 hybrid. None of the other hybrids was
found to produce any of the subclasses of human globulin detectable in our assays.
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Discussion

In contrast to the facility with which intraspecies hybrid cultures are produced be-
tween mouse splenocytes and P3X 63 Ag8 cells [6], production of interspecies hy-
brids between mouse myeloma cells and human lymphocytes resulting in secretion
of human immunoglobulins is a relatively infrequent event. Nevertheless, the re-
sults of this study indicate that it is possible to produce viable somatic cell hybrids
by fusion of human blood or CSF lymphocytes with P3X63 Ag8 mouse cells, and
that these hybrids secrete at least two classes of human immunoglobulin heavy
chains. Since clones of hybrids originating from OA blood lymphocytes produce hu-
man IgM in large quantities and segregate human chromosomes, it should be ulti-
mately possible to assign the gene for production of IgM to a specific human chro-
mosome [3].

Hybrid cells produced by the fusion of mouse myeloma cells with lymphocytes
obtained from the CSF of patients with neurological disease can be used for studies
on the range of antibodies produced by immunocytes resident in the CNS. Up to
now, the antibody specificities of the oligoclonal IgG of CSF in MS have not been
identified, since antibodies against viruses account, at best, for a very small fraction
of the IgG [9]; hybrids produced with CSF cells of MS patients may help to charac-
terize these specificities. Studies of the immunoglobulin(s) secreted by hybrid cul-
tures produced with CSF cells from MS cases may permit identification of the major
immunoglobulin(s) present in the CSF of the donors. An anti-idiotype against such
globulins could be produced and used to examine an MS patient for the presence of a
specific idiotype in his CSF (and blood), during the course of the illness. The cross-re-
activity of this anti-idiotype with idiotypes obtained from other cases of MS could also
be assessed to determine whether a characteristic idiotype is present in CSF and/or
blood of other patients.

Hybrids formed with MS CSF cells may aid in another aspect of MS research. The
symptoms of optic neuritis in patient IB of this study may represent the onset of MS.
Thus, examination of the antibodies produced by the hybrid cultures using IB-
CSF cells may reveal the nature of the antigen evoking the immune response in
these lymphocytes and, perhaps, shed some light on the etiologic agent active in the
initial stages of MS.
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Antibodies to Myelin Basic Protein in Cerebrospinal
Fluid of Patients with Multiple Sclerosis

H. S. PANITCH, D. A. HAFLER, and K. P. JOHNSON !

Summary

Antibodies of the IgG class directed against myelin basic protein (MBP) were detect-
ed by solid phase radioimmunoassay in the cerebrospinal fluid (CSF) of patients
with multiple sclerosis (MS). Comparison with controls at equivalent IgG concen-
trations indicated that the activity detected was due to antibody rather than to non-
specific adherence of IgG. Absorption and blocking studies showed that the reac-
tion was antigen specific for MBP. Antibody was found more frequently in patients
with active disease, and less often in patients in remission. There was no correlation
with total CSF IgG or the presence ofoligoclonal bands on electrophoresis. These find-
ings support the occurrence of an autoimmune response in MS, though its role in
pathogenesis of the disease remains obscure.

Introduction

Multiple sclerosis (MS) has certain pathological and immunological features in
common with experimental allergic encephalomyelitis (EAE), an autoimmune dis-
ease of the central nervous system (CNS) induced by inoculation of animals with
MBP in complete Freund’s adjuvant [18]. Cell-mediated and humoral immune re-
sponses to the sensitizing antigen occur concomitantly with development of the exper-
imental disease [5, 15]. In MS, investigators have reported cell-mediated immunity
in vitro to MBP [8, 11], and antibodies to myelin or to crude CNS antigen prepara-
tions [13, 21]. However, antibodies specific for MBP have been found neither in se-
rum nor in cerebrospinal fluid (CSF) [5, 10, 12, 22].

Primary myelin destruction occurs in MS, and MBP or a fragment of MBP is
present in the CSF of patients with the disease [2, 25]. The IgG concentration of
CSF is increased in approximately two thirds of clinically definite cases, and oligo-
clonal IgG bands are seen on agarose gel electrophoresis in approximately 90% [6].
The excess immunoglobulin is produced within the CNS and often contains antibod-
ies to one or more viruses [17, 23]. Most of the oligoclonal bands, however, cannot
be removed by absorption with viral antigens [24], and may represent antibodies to
other exogenous or autoantigens.

Using a solid phase radioimmunoassay (RIA) recently developed for detection
of antibodies to MBP [20], we have found such antibodies in the CSF of patients

1 School of Medicine, Department of Neurology, University of California, Veterans Adminis-
tration Medical Center, 4150 Clement Street, San Francisco, California/USA
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with MS when compared with a control population of patients with other neurologi-
cal diseases. The presence of these antibodies indicates for the first time that a hu-
moral autoimmune response to a well-defined myelin antigen may occur in this
common but poorly understood demyelinating disease.

Materials and Methods

CSF was obtained by aseptic lumbar puncture from 22 patients with clinically defi-
nite MS as defined by McDonald [14} and from 20 control patients with other neu-
rological diseases (viral meningoencephalitis [2], idiopathic epilepsy [4], acute stroke
[3], Guillain-Barre syndrome [2], amyotrophic lateral sclerosis [3], and miscella-
neous non-inflammatory CNS diseases [6]. IgG concentrations were determined by
rocket electrophoresis. Oligoclonal immunoglobulin bands were determined as de-
scribed by Johnson et al. [7].

Guinea pig MBP was prepared according to the method of Deibler et al. [4]. It
was electrophoretically pure on polyacrylamide gels and highly encephalitogenic in
Lewis rats. RIA was performed as described by Randolph et al. [20] with slight mod-
ifications. Tissue culture tubes were coated with MBP at 20 pg/ml in borate buff-
ered saline, pH 8.0. Serial dilutions of CSF were then incubated in duplicate tubes,
followed by *#°I-labeled staphylococcal protein A (SPA, Pharmacia) containing ap-
proximately 30,000 CPM per ml. The percent of ***I-SPA bound was determined in
a gamma counter. Binding curves were constructed by plotting percent *I-SPA
bound by serial dilutions of CSF against IgG concentrations. MS and control fluids
were compared in the range of 0.2 to 1.0 pg IgG per tube, since all samples were di-
luted at least 1 : 5 in buffer to maintain pH and to prevent excessive nonspecific ad-
herence. Significance of differences in means of combined data were determined by
a t-test. Individual samples were designated positive if their binding activities were 2
SD above the composite control mean.

To establish the dependence of binding activity upon IgG, CSF was absorbed
with rabbit anti-human IgG coupled to polyacrylamide beads. CSF IgG and anti-
MBP activity were then determined. Specificity of the reaction was evaluated by ab-
sorption of CSF with MBP, with calf thymus histone (another highly basic protein),
or with bovine serum albumin (BSA). Aliquots of the three proteins at concentra-
tions of 10 to 1000 pg/ml were mixed in solution with equal volumes of CSF for 1 h
at 37° C followed by 2 h at 4° C, and the CSF-protein mixtures were then assayed
by RIA. Further specificity of CSF for MBP was shown by inhibition of binding
with rat antibody to MBP. IgG fractions were prepared from pooled sera of rats hy-
perimmunized with guinea pig MBP and from normal rats by DEAE cellulose col-
umn chromatography. Eluates were concentrated, tested by immunoelectrophoresis
for IgG, and by RIA for antibody to MBP. Fractions of normal and hyperim-
mune IgG were then diluted serially and incubated in MBP-coated tubes. After re-
moval of unreacted rat IgG, CSF was added followed by '*I-labeled rabbit anti-
human IgG, and the extent of blocking by the rat antibody was determined.
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Results

Comparison of MS and control CSF at equivalent IgG concentrations was essential
because of elevated IgG levels in most cases of MS and the tendency of human IgG
to adhere to MBP through nonimmune binding at the F. portion of the molecule [1].
At all concentrations, mean binding activity was significantly greater in MS than in
control CSF (p < 0.05 at 1.0 pg and p < 0.01 at the other concentrations, Fig. 1). **
I-SPA binding by controls was attributed to nonspecific adherence of IgG, since di-
lutions of normal human IgG gave a binding curve corresponding to the mean val-
ues for control CSF. Activity in excess of this level represents the reaction of antibo-
dy with its specific antigen.

In Figure 2, MS and control CSF are compared at a single concentration of IgG,
in this case 0.8 mg per reaction tube (or 0.8 mg/100 ml). At this concentration, 18
control fluids and 20 MS fluids were available for analysis. Binding activity was
greater in the patients with active MS than in those in remission (p < 0.05) and in
both MS groups compared with controls (p < 0.01).

Using the criterion of 2 SD above control levels to define a positive antibody lev-
el, the results shown in Table 1 were obtained. Six of 8 MS patients in acute ex-
acerbation and 4 of 5 with gradually progressive disease were positive, while 4 of 9
patients in remission were positive. Within the MS group, IgG concentration of un-
diluted CSF was unrelated to antibody level; several patients with relatively low
IgG (5-7 mg/100 ml) had as much antibody activity as others in whom total IgG
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Fig. 1. Anti-MBP activity (mean percent **I-SPA bound *+ SE) for MS and normal CSF at
concentrations of diluted IgG from 0.2 to 1.0 mg/100 ml. Composite data derived from bind-
ing curves constructed for CSF samples from 22 MS patients and 20 controls



Fig. 2. Antibody to MBP at a single concentration of CSF IgG. Patients with active MS and
patients with MS in remission are compared with controls

Fig. 3. Inhibition of MS CSF antibody by absorption of CSF with MBP. Unabsorbed CSF
bound 900 CPM or 7.5% of added '**I-SPA. No significant inhibitory effect by MBP or other
proteins was seen with control CSF
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Table 1. MS Patients: Clinical status and laboratory data

Patient ~ Duration Clinical status Cortico- IgG Oligoclonal ~ Anti-MBP
(N=22) (years) steroids  (mg/ bands RIA
Acute Prog. Static 100 ml)

P.K. 4 + - 6.0 + +
C.G. 1 + - 6.5 + +
B.F. 7 + - 6.0 + +
R.H. 13 + - 54 + +
S.V. 9 + - 4.3 + +
W.F 2 + - 12.9 + +
MV 10 + - 214 + _
CwW 27 + + 12.0 + -
L.P. 3 + - 10.0 + +
B.S. 6 + + 54 + +
P.S. 5 + - 4.1 - +
L.S. 5 + - 6.7 - +
A.D. 7 + - 11.3 + -
G.S. 25 + - 11.7 + +
JT. 9 + - 3.8 + +
D.T. 19 + - 13.8 + +
L.C 8 + - 5.6 — +
R.F. LS + - 5.6 - + -
J.H. 10 + - 27.0 + —
R.B. 29 + - 10.4 + -
R.B. 4 + - 40 - -
R.R. 26 + - 2.3 - —
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Fig. 4. Inhibition of MS CSF binding to MBP by blocking with hyperimmune rat IgG. MS
CSF alone bound 554 CPM or 1.85% of **I-anti-human IgG
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was two to three times higher. When compared with the presence of oligoclonal IgG
bands, 11 of 17 patients with bands had antibody to MBP by RIA, while 3 of 5 with-
out bands were positive. Similarly, there was no correlation with duration of dis-
ease.

When CSF was absorbed with immobilized anti-human IgG, removal of anti-
MBP activity was directly proportional to the amount of IgG removed. With suffi-
cient anti-IgG, 100% of the activity was abolished, indicating that all of the binding
activity detected by the RIA was associated with IgG.

Incubation of CSF with MBP, calf thymus histone, or BSA prior to RIA resulted
in absorption of over 70% of binding activity by MBP, but only 10 to 20% by histone
or BSA (Fig. 3). In blocking experiments with hyperimmune rat IgG there was
marked inhibition of CSF binding activity (Fig. 4).

Discussion

Two features of this study which may help to explain the ability to detect antibodies
to MBP in contrast to previous negative studies [5, 10, 12, 22] are the sensitivity of
the solid phase technique and the use of iodinated SPA in place of anti-human IgG.
In preliminary studies we, like Randolph et al. [20], compared the solid phase assay
with a sodium sulfate precipitation method for detection of antibodies to MBP [3]
and found it to be much more sensitive both with sera from immunized rats and
with human CSF. Although antibody could be detected in some MS fluids using
2]-anti-human IgG, '*I-SPA gave consistently higher values. It should be noted that
binding activity of human CSF was low in comparison with immune rat sera which
bound up to 35% of '*I-anti-rat IgG in this system. A further increase in sensitivity
might have been seen if human MBP had been used as antigen. Extensive homology
exists among basic proteins from many species with respect to their antigenic activi-
ty [19], however, the extent of cross-recognition of anti-human MBP with guinea pig
MBP has not been documented. Some cross-reactivity was apparent in this study,
yet the use of human MBP might yield even more striking results.

Although we allowed for nonspecific binding of IgG to MBP by comparing MS
and control CSF at equivalent IgG concentrations, it is possible that nonimmuno-
globulin constituents of CSF may have interfered with the assay to some extent. It
has been shown, for example, that alpha-2 macroglobulin in rat, rabbit, and human
sera [15, 16] and in human CSF [10] bind to MBP. However, alpha-2 macroglobulin
is not detected by SPA, which reacts only with immunoglobulins, principally IgG
[9].

The specificity of the reaction for MBP was documented by absorption of anti-
body activity with MBP, but not by other proteins, and by showing that rat antibody
to MBP would block the activity of MS CSF. Moderate blocking activity seen at
high concentrations of normal rat IgG was probably related to nonspecific adher-
ence of IgG to MBP. Use of Fy, or Fiq), fragments of hyperimmune and normal IgG
should result in a lower level of nonspecific blocking.

The studies presented here strongly suggest that the activity measured in MS
CSF is IgG antibody directed against MBP. Since MBP itself is found in the CSF of
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MS patients, it is plausible that antibodies to it might be present as well. Moreover,
it is possible that a portion of the antibody is bound to antigen in the form of im-
mune complexes, which may account for the low activity observed in some patients
and perhaps for the inability of previous investigators to detect it. The presence of
anti-MBP antibodies in MS tends to strengthen the hypothesis that autoimmunity is
a feature of the disease, though its role in pathogenesis remains unknown.

Acknowledgments. This research was supported by the Medical Research Service of the Vet-
erans Administration Hospital and by grant RG 1008 from the National Multiple Sclerosis So-
ciety. Requests for reprints should be addressed to Hillel S. Panitch, M. D., Neurology (127),
VA Hospital, 4150 Clement St., San Francisco, CA. 94121, USA.

References

1. Aarli JA, Aparicio SR, Lumsden CE, Tonder O (1975) Binding of normal human IgG to
myelin sheaths, glia and neurons. Immunology 28:171-185
2. Cohen SR, Herndon RM, McKhann GM (1976) Radioimmunoassay of myelin basic pro-
tein in spinal fluid: An index of active demyelination. N Engl J Med 295:1455-1457
3. Day ED, Pitts OM (1974) Radioimmunoassay of myelin basic protein in sodium sulfate.
Immunochemistry 11:651-659
4. Deibler GE, Martenson RE, Kies MW (1972) Large scale preparation of myelin basic pro-
teins from central nervous tissue of several mammalian species. Prep Biochem 2:139-165
5. Gutstein HS, Cohen SR (1978) Spinal fluid differences in experimental allergic encephalo-
myelitis and multiple sclerosis. Science 199:301-303
6. Johnson KP, Nelson BJ (1977) Multiple sclerosis: Diagnostic usefulness of cerebrospinal
fluid. Ann Neurol 2:425-431
7. Johnson KP, Arrigo SC, Nelson BJ, Ginsberg A (1977) Agarose electrophoresis of cere-
brospinal fluid in multiple sclerosis. Neurology (Minneap) 27:273-277
8. Kallen B, Nilsson O, Thelin C (1977) Effect of encephalitogenic protein on migration in
agarose of leukocytes from patients with multiple sclerosis. Acta Neurol Scand 55:33—46
9. Kronvall G, Williams RC (1969) Differences in anti-protein A activity among IgG sub-
groups. J Immunol 103:828-833
10. Lennon V, Mackay IR (1972) Binding of ***I myelin basic protein by serum and cerebro-
spinal fluid. Clin Exp Immunol 11:595-603
11. Lisak RP, Zweiman B (1977) In vitro cell-mediated immunity of cerebrospinal fluid lym-
phocytes to myelin basic protein in primary demyelinating diseases. N Engl J Med
297:850-853 :
12. Lisak RP, Heinze RG, Falk GA, Kies MW (1968) Search for anti-encephalitogen antibody
in human demyelinative diseases. Neurology (Minneap) 18:122—128
13. Lisak RP, Zweiman B, Norman M (1975) Antimyelin antibodies in neurologic diseases:
Immunofluorescent demonstration. Arch Neurol 32:163-167
14. McDonald WI (1975) What is multiple sclerosis? Clinical criteria for diagnosis. In: Davi-
son AN, Humphrey JH, Liversedge AL, McDonald W1, Porterfield JS (eds) Multiple scle-
rosis research. Elsevier Scientific Publishing, Amsterdam, pp 1-8
15. McFarlin DE, Hsu C-L, Slemenda SB, Chou FC-H, Kibler RF (1975) The immune re-
sponse against myelin basic protein in two strains of rat with different genetic capacity to
develop experimental allergic encephalomyelitis. J Exp Med 141:72-81
16. McPherson TA, Marchalonis JJ, Lennon V (1970) Binding of encephalitogenic basic pro-
tein by serum alpha-globulins. Immunology 19:929-933
17. Norrby E, Link H, Olsson J-E, Panelius M, Salmi A, Vandvik B (1974) Comparison of an-
tibodies against different viruses in cerebrospinal fluid and serum samples from patients
with multiple sclerosis. Infect Inmun 10:688—694



Antibodies to Myelin Basic Protein in Cerebrospinal Fluid of MS Patients 105

18.

19.

20.
21.
22.

23.

24,

25.

Paterson PY (1977) Autoimmune neurological disease: Experimental animal systems and
implications for multiple sclerosis. In: Talal N (ed) Autoimmunity: Genetic, immunolog-
ic, virologic and clinical aspects. Academic Press, New York, pp 643—-692

Pitts OM, Varitek VA, Day ED (1976) The extensive cross-reaction of several syngeneic
rat-anti-BP antiserums with myelin basic proteins (BP) of other species. Inmunochemistry
13:307-312

Randolph DH, Kibler RF, Fritz RB (1977) Solid-phase radioimmunoassay for detection of
antibodies to myelin basic protein. J Immunol Methods 18:215-224

Ryberg B (1976) Complement-fixing antibrain antibodies in multiple sclerosis. Acta Neu-
rol Scand 54:1-12

Schmid B, Thomas G, Hempel K, Gruninger W (1974) Radioimmunological determina-
tion of myelin basic protein (MBP) and MBP-antibodies. Eur Neurol 12:173—185
Tourtellotte W (1970) On cerebrospinal fluid immunoglobulin-G (IgG) quotients in mul-
tiple sclerosis and other diseases. A review and new formula to estimate the amount of IgG
synthesized per day by the central nervous system. J Neurol Sci 10:279-304

Vandvik B, Norrby E, Nordal H, Degre M (1976) Oligoclonal measles virus-specific IgG
antibodies isolated by virus immunoabsorption of cerebrospinal fluids, brain extracts and
sera from patients with subacute sclerosing panencephalitis and multiple sclerosis. Scand J
Immunol 5:979-992

Whitaker JN: Myelin encephalitogenic protein fragments in cerebrospinal fluid of persons
with multiple sclerosis. Neurology (Mineap) 27:911-920



Multiple Sclerosis De Novo Central Nervous System
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Abstract

Three independent means may be used to detect and measure de novo central ner-
vous system (CNS) IgG synthesis: the application of an empirical formula, the re-
sults of an IgG isotopic test, and the analysis of cerebrospinal fluid (CSF) for IgG
oligoclones. The empirical formula and the isotope test provide a quantitative mea-
sure of the synthesis rate in mg per day. In contrast, the detection of CSF IgG oli-
goclones, presently a qualitative test, supports the presence of de novo CNS IgG
synthesis, providing the serum does not contain IgG oligoclones and the blood-
brain barrier (BBB) to protein is not excessively damaged.

Based on facts that (1) de novo CNS IgG synthesis (determined by measuring
production rates and analyzing CSF oligoclonal bands) occurs in over 90% of pa-
tients classified as having clinically definite multiple sclerosis (MS); (2) that myeli-
notoxic factors, presumably antibodies, have been detected in CNS extracts and
CSF; and (3) that antibodies to myelin basic protein have been detected in the CSF,
it is hypothesized that de novo CNS IgG synthesis is related to the production of
MS lesions. Accordingly, clinical studies have been designed to eradicate de novo
CNS IgG synthesis in MS patients. Results showed that steroids administered system-
ically and intrathecally modulated or normalized the rate of CNS IgG synthesis
whereas cytosine arabinoside given intravenously or intrathecally did not. Gamma
radiation to the CNS (150 rads per day for 12 days) enhanced synthesis modestly,
but the effect could not be blocked by steroid treatment. None of the putative treat-
ments eradicated CSF oligoclonal bands, even though by inspection they were mo-
dulated. The neurologic functions of the severely afflicted patients who participated
in these studies were unchanged. Problems concerning the relevance of de novo
CNS IgG synthesis to lesion formation and concerning its eradication as a test of an
effective treatment are pesented along with possible solutions.

Introduction

The purpose of this report is to present current concepts of de novo CNS IgG syn-
thesis in MS patients after reviewing its scientific basis and discussing three inde-
pendent methods of detection. Because de novo CNS IgG synthesis is present in
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over 90% of clinically definite MS patients, its absence should cast some doubt on
the diagnosis of MS.

The antibody nature of MS de novo CNS IgG synthesis is also reviewed. Virus
antibody studies are difficult to interpret because methods used to determine de
novo CNS antibody synthesis are qualitative. Many cases of MS show an abnormal-
ly high titer for more than one viral antibody and not all cases show the same viral
antibody rise. These results may be explained by the hypothesis that prepro-
grammed B cells are recruited nonspecifically to the multifocal sites of the MS CNS
immune reaction and accordingly, presence of virus in the CNS is not necessary.

Because a myelinotoxic factor, presumably antibody, and antibodies to myelin
basic protein in CSF and CNS have been reported, it is reasonable to assume that
de novo CNS IgG synthesis is related to lesion formation. Accordingly, we have de-
signed clinical trials to eradicate de novo CNS IgG synthesis. These clinical trials
are briefly reviewed. After interpreting results to date, remaining problems are stat-
ed and possible solutions are presented.

Scientific Basis of De Novo CNS IgG Synthesis

The predominant characteristic of the CSF profile indicative of MS is an elevated
IgG value. Various hypotheses have been postulated regarding the source of the in-
creased IgG in MS. Evidence from studies done by many laboratories [31-36, 43]
suggest that the central nervous system—cerebrospinal fluid (CNS-CSF) compart-
ment, surrounded by its BBB to protein, can perform as an immunologic unit and
can synthesize IgG independently of the systemic immune system [37, 38]. This is
termed de novo central nervous system IgG synthesis [36]. In health, the source of
CNS-CSF IgG is exclusively the blood. The blood is also a source of CNS-CSF IgG
when there is damage to the BBB. (In this case, the elevated IgG concentration is
accompanied by a proportional elevation in albumin *. It is postulated that in MS
extra and perivascular lymphoplasmyocytes synthesize IgG within the CNS in mul-
tifocal regions, probably at edges of active plaques of demyelination [9, 24, 28, 39].
After IgG is secreted into the extravascular space of the CNS by these immune cells,
it sinks by diffusion into the CSF, a fast moving (5 dl/day) lacuna of CNS extracel-
lular space, to be mechanically transported into blood via macropinocytes of the
arachnoid villi. With provisos, the presence of CSF oligoclonal IgG may serve as
evidence for MS de novo CNS IgG synthesis [36].

Detection and Quantification of De Novo CNS IgG Synthesis

Three means may be used to detect and quantify daily de novo CNS IgG synthesis
in MS: (1) an empirical formula based on physiological principles governing the

1 Albumin, a natural marker of the BBB, is synthesized and secreted into the blood only by
the liver. It is maintained in the blood at a uniform concentration in both health and dis-
ease [31, 32]. Albumin is perfused by the circulatory system throughout the CNS vascula-
ture. Like IgG, albumin is excluded from certain areas by the tight junction of the vascula-
ture. In certain capillary beds, however, in particular those of the choroid plexus, where the
tight junctions do not exist, a small amount of albumin and IgG filters into the CNS-CSF
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passage of albumin and IgG across the BBB; (2) a radioactive IgG exchange test;
and (3) identification and analysis of CSF IgG oligoclones through electrophoresis.

The Empirical Formula

An empirical formula [35, 43] has been devised to calculate the amount of de novo
CNS IgG synthesized daily in MS based on theory of the sink action of IgG into the
CSF and the operation of the BBB to proteins. The method is based on assumptions
that the excess albumin in the CSF is a quantitative marker of a damaged BBB and
that for each mole of excess albumin which passes the damaged barrier, one mole of
IgG diffuses into the CSF, as well as on knowledge that 5 dl of CSF are formed and
absorbed each day in humans.

With the empirical formula method, the amount of excess IgG is first deter-
mined, then the value is corrected for the amount of serum IgG which has passed the
BBB. Using the formula shown below, a value is derived which, if it exceeds the
normal mean plus 2 standard deviation value, reflects synthesis of IgG in the CNS.

(IgGCSF— I§6Ggs) - (AleSF - %%S-) (ffl(s:) 0.43|x5
Where de novo CNS IgGsyn represents the IgG in mg per day; IgGesr is the con-
centration (mg per dl) found in the patient’s CSF, and IgGg is the patient’s serum
IgG concentration (mg per dl). The number 369 is a ratio constant which quantita-
tively determines the proportion of CSF IgG which normally passes by filtration
from the serum into the CSF across the intact BBB [32, 35]. It is the quotient of the
average normal serum IgG concentration divided by the average normal CSF IgG
concentration. Thus, IgGs/369 is the IgG which is expected to cross from the serum
to the CSF based on the patient’s serum IgG concentration and the normal CSF/se-
rum ratio.

Albggr is the albumin concentration (mg per dl) found in the patient’s CSF,
while Albg is the patient’s serum albumin concentration (mg per dl). The number
230 represents a constant which determines the proportion of CSF albumin which
normally passes by filtration from the serum into the CSF across an intact BBB [32,
35]. It is the quotient of the average normal serum albumin concentration divided
by the average normal CSF albumin concentration. Thus, Albosr—(Albs/230) is a
term which represents the excess CSF albumin which has crossed a damaged BBB.

This term is then multiplied by (IgGg/Albgs) X (0.43) to convert the excess CSF
albumin to excess CSF IgG (on a molar basis) * which has crossed a damaged BBB
with the albumin, assuming a one-to-one molecular equivalence [32, 35]. To calcu-
late the daily IgG synthesis rate, this entire equation is then multiplied by five to
convert from concentration in mg per dl to the amount present in 5 dl which, on the
average, is formed each day [35].

This empirical formula was used to calculate the synthesis rate in normal individ-
uals from whom the ratio constants for IgG and albumin were derived. A gaussian

de novo CNS IgGgyn =

Alburmrl _ 69,000 daltons
IgG 160,000 daltons

= 0.43[25]
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distribution was obtained and the average synthesis rate was minus 3.3 mg per day,
with a 95% confidence limit of — 9.9 to + 3.3 [35].

Radioactive IgG Exchange Test

A second method for detecting and quantifying the daily de novo CNS IgG synthe-
sis rate in MS is the isotope exchange test where radiolabeled IgG is injected into
the blood and at steady state, about the Sth day, it is possible to calculate the mg of
IgG which originates from the CNS [35, 43]. Direct tracer studies employing intra-
venous *I-IgG have been carried out in 9 clinically definite MS patients to validate
the empirical formula [35, 43] described above. Using serial CSF and serum sam-
ples obtained simultaneously at multiple points over a 21-day period, dynamic
equilibrium was determined by graph and the amount of IgG in mg per day origi-
nating from an extravascular source (presumably the CNS) was calculated following
equilibrium. Daily production of CSF extravascular IgG as calculated by the empir-
ical formula was compared with results from the radiolabeled IgG exchange test.
The concordance for the two methods from a low rate of synthesis (approximately
5 mg/day) to a very high rate (120 mg/day) was excellent [35, 43]. A second double
radiolabeled IgG study was carried out on two patients to further validate the for-
mula and to determine if the MS BBB processes normal serum IgG differently from
IgG derived from autologous IgG sera. Results showed that the MS BBB processed
normal serum IgG in the same way as IgG derived from autologous MS serum [43].
Accordingly, the empirical formula, which requires only one sample of CSF and
matched serum, can reliably and validly estimate de novo CNS IgG syn-
thesis rate in MS.

Identification and Analysis of CSF IgG Oligoclones

A third method for detecting de novo CNS IgG synthesis in MS is identification and
analysis of CSF IgG oligoclones. Either Panagel or agarose gel electrophoresis may
be used; however, the conventional agarose gel method [17] has disadvantages. CSF
must be concentrated several hundred times and it is not possible to distinguish be-
tween IgG subfractions and other electrophoretically similar non-IgG proteins (i. €.,
gamma and beta trace proteins). Panagel electrophoresis, which is 20 times more sen-
sitive than conventional agarose electrophoresis, involves application of 3 ug of IgG
followed by electrophoresis, then immunofixation by layering a monospecific IgG
antiserum over the separated proteins, followed by staining with Coomassie blue.
Preliminary concentration of CSF is not required when the IgG concentration ex-
ceeds 10 mg per dl. When the IgG concentration is less than this value, concen-
tration by ultrafiltration in collodion bags is necessary (average recovery of IgG is
90%). Multiple applications of as many as five 3 ul samples of neat CSF, totaling
3 pg of IgG, have been found to be equivalent to preliminary concentration. The
addition of IgG immunofixation validates cathodic proteins as being IgG. Using Pa-
nagel electrophoresis, from 4 to 10 IgG oligoclones have been identified in CSF
from MS and subacute sclerosing panencephalitis (SSPE) patients [6, 18].
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To study the association of the daily rate of de novo CNS IgG synthesis with the
presence of CSF IgG oligoclonal bands [20], paired CSF, and serum samples from
patients with MS and with other neurologic disorders were electrophoresed in Pana-
gel. The albumin and IgG concentrations from which CNS IgG synthesis was calcu-
lated were measured by electroimmunodiffusion [40]. An abnormal BBB was de-
fined by a CSF albumin = 35 mg per dl (mean + 2 standard deviations). Results
showed a significant positive correlation between CNS IgG synthesis and the pres-
ence of CSF oligoclones in all patients with a normal BBB or a modestly abnormal
BBB (albumin = 130 mg per dl). A lack of correlation was found when damage to
the BBB was more severe (albumin > 130 mg per dl); in this case oligoclones were
never demonstrated, even though the formula indicated CNS IgG synthesis. It is
likely that oligoclones do exist in the CSF when de novo IgG synthesis is detected,
but are masked by serum polyclonal IgG which has passed the severely damaged
BBB.

One caveat is in order when considering the association of CSF IgG oligoclones
and de novo CNS IgG synthesis [21]: The presence of CSF IgG oligoclones is not
always a sign of de novo IgG synthesis. If IgG oligoclones exist in the blood as they
do in multiple myeloma, it is possible that similar electrophoretically separated IgG
oligoclones are present in the CSF due to diffusion from blood to CSF. To minimize
misinterpretation, it is reccommended that a matched serum sample be analyzed.

Two other methods now being used to identify and measure CSF IgG oligoclo-
nal bands are isoelectric focusing and capillary isotachophoresis. Kjellin and Vester-
berg [15], Delmotte and Gonsette [8], and Laurenzi and Link [16] have applied iso-
electric focusing to CSF gamma globulins. Findings indicate that isoelectric focus-
ing may be more discriminative than conventional agarose gel electrophoresis.

Delmotte [7] has used capillary isotachophoresis to quantitate both CSF and se-
rum IgG oligoclonal bands. Preliminary results showed oligoclonal fractions of IgG
in the MS CSF that were not in sera, particularly in the cathodic IgG region. Con-
firmation of these results and application of a formula similar to the empirical de
novo CNS IgG synthesis rate formula might permit a type of quantitation not yet
available for CSF IgG oligoclonal bands.

Correlation of De Novo CNS IgG Synthesis and Clinically
Definite Multiple Sclerosis

A variety of clinical parameters have recently been correlated with daily de novo
CNS IgG production as determined by empirical formula for 70 normal subjects
and 127 MS patients [36]. IgG production rate was more than 2 standard deviations
above normal in 92% of patients with clinically definite MS as determined from cri-
teria established by Schumacher et al. [27]. The average IgG production (mg per
day) was 29, with a range of 0 to 207. IgG production rates were higher in the more
acute cases of MS and tended to increase with age, with duration of disease, with
number of relapses, and with elevated CSF leucocytes.

Analysis of CSF IgG oligoclones in the same group of MS patients showed fre-
quency of banding corresponding to the rate of de novo CNS IgG synthesis. Our re-



Multiple Sclerosis De Novo Central Nervous System IgG Synthesis 111

sults with Panagel electrophoresis are in agreement with those of Johnson and Nel-
son [13] who also employed Panagel.

From these data, the absence of de novo CNS IgG synthesis in a case suspected
of having MS on clinical grounds should cast some doubt on the diagnosis of clini-
cally definite MS.

Antibody Nature of De Novo Synthesized CNS IgG

The usefulness of de novo CNS IgG synthesis measures as an aid to the clinician in
diagnosing MS and monitoring the effect of putative therapies is well established
(see following Sect.). However, a most important question is still to be answered.
What are the specific antibodies which make up the IgG synthesized de novo in the
MS CNS? Or, stated differently, are there antigens in the CNS which cause the mul-
tifocal MS CNS immune reaction to make antibodies? The answer to this question
should reveal the etiology of MS.

Since Adams and Imagawa [1] showed increased measles antibody titers in se-
rum and CSF from patients with MS, many investigators have implicated viral [5,
10, 11, 26] antigens in the CNS as the cause of de novo CNS IgG synthesis. It is our
opinion that Arnadottir et al. {2] best present the current status of viral antibodies
research in MS patients. Their design included a longitudinal study (5 years) of ru-
bella, measles, and respiratory syncytial virus antibodies in serial serum and CSF
specimens from 20 MS patients, using solid-phase radioimmunoassay. Albumin and
immunoglobulin-G levels were also measured to check the integrity of the BBB and
to detect de novo CNS IgG synthesis. All patients had IgG production in their CNS.
In 15 patients, a local antibody production against one or more of the viruses stud-
ied was evident. In 8 patients, fluctuations in CNS viral antibody synthesis were evi-
dent. No correlation was found between these changes and the clinical course of the
disease. They concluded that de novo antibody synthesis in MS is only partially
against any given virus, and in most patients the bulk of the CSF IgG is against an-
tigens other than those studied.

To further refine understanding of the antibody nature of MS CSF, Nordal,
Vandvik and Norrby have reviewed the literature and introduced a sensitive quali-
tative imprint electroimmunofixation technique [22]. They found evidence of de
novo CNS antibody synthesis, for one or more common viruses in a given patient,
without a pattern; a result which is similar to studies mentioned above.

In 1978 [36] we offered the following hypothesis to explain local CNS synthesis
of viral antibodies: Circulating immunocytes of the B-lymphocyte type, prepro-
grammed in the core immune network to common virus antigens through natural
exposure or immunization, are recruited from the blood to the CNS by nonspecific
chemotaxic mechanisms generated by a preexisting MS immune reaction. After ar-
rival within the BBB, they develop into antibody forming cells and secrete antibody
that they have previously been programmed to synthesize (see Fig. 1).

According to this hypothesis, the core immune system’s response to antigenic
challenge can be duplicated in the MS CNS without the presence of viral antigens;
and the profile of de novo CNS IgG should contain the antibodies to common viru-
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CE = Clonal expansion and/ or differentiation; S = Secretion

Fig. 1. Immunokinetic model for Multiple sclerosis. Circulating B cells, T cells, and monocytes
are recruited from blood to CNS probably by nonspecific chemotaxic mechanisms generated
by a pre-existing MS immune reaction. The self-perpetuating cycle involves cellular and hu-
moral immune mechanisms, as well as hydrolase demyelination. Included in the cycle are: an-
tigen recognition, monocyte-macrophage activation, lymphoid cell (B and T cells) interac-
tions, B cell to plasma cell conversions generating autoimmune antibody, lysosomal enzymes
capable of hydrolyse destruction of myelin, and antigen-antibody complexes possibly blocking
destruction of myelin. In addition to the cycle are 2 epiphenomena pathways that may account
for part of the IgG produced in the CNS-CSF of MS patients. First, after recruitment of circu-
lating B cells which have been sensitized through natural exposure or immunization, antibo-
dies may be synthesized in the CNS even when antigen is not present. Second, IgG may be
produced through CNS synthesis of other antibody following chemotaxic recruitment of sensi-
tized B cells

ses (such as measles, Epstein-Barr virus, mumps, influenza, vaccinia, or polio) as
have been found in MS by other investigators. Thus, a portion of the de novo CNS
antibody synthesis may be an epiphenomenon to the etiology of MS.

It is also hypothesized that another portion of the de novo CNS antibody profile
is an autoantibody whose antigen is probably associated with the myelin sheath
complex, thus associated with MS lesion formation. The scientific basis for the pres-
ence of in situ CNS autoantibody has evolved over the past decade. In 1970, Kim et
al. [14] showed that concentrated CSF from MS patients, extracts from plaque, sha-
dow plaque, and periplaque areas demonstrated a high degree of myelinotoxicity
when applied to myelinated cultures of mouse cerebellum, whereas extracts of nor-
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mal appearing white matter of MS patients, normal brain extracts, and normal con-
centrated CSF registered substantially lower toxicity. Since this myelinotoxic action
was thermolabile (presumably complement dependent) and was correlated to IgG
concentration, we suggested that antimyelin antibodies similar to those present in
MS serum [4] exist in CSF and brain (especially plaque areas) of MS patients. Since
that time Webster’s group [30] and Link’s group [29] have applied unconcentrat-
ed MS CSF to tadpole optic nerve system and confirmed myelinotoxic activity. Also
Frick and Stickl [12] and Pantich et al. [23] have shown that antibodies to myelin
basic protein exist in MS patient’s CSF.

Many advances have been made in recent years to resolve the antibody nature
of MS de novo CNS IgG synthesis. However, important problems remain. There is
need to develop a technique to express antibodies in mg of protein, so that the em-
pirical formula can be used to calculate mg of antibody synthesized de novo by the
CNS. This has been done for SSPE [19]. If it could be done for MS, it would be pos-
sible to determine the percent of de novo CNS IgG synthesis which is due to antibod-
ies to common viruses. Hence, the unaccounted for IgG, presumably due to the MS
antigen located in the CNS, could be calculated. If the situation in MS is compara-
ble to that in SSPE, between 50-70% of de novo CNS IgG synthesis should be ac-
counted for by the MS antigen.

Use of De Novo CNS IgG Synthesis to Evaluate
Putative Therapies

Based on facts that (1) de novo CNS IgG synthesis (determined by measuring pro-
duction rates and analyzing CSF oligoclonal bands) occurs in over 90% of patients
classified as clinically definite MS; (2) that myelinotoxic factors, presumably antibod-
ies, have been detected in CNS extracts and CSF [4, 14, 29, 30]; and (3) that antibo-
dies to myelin basic proteins have been detected in the CSF [12, 23], it has been pro-
posed that de novo CNS IgG synthesis is related to the production of MS lesions.
Accordingly, clinical studies have been designed to attempt to eradicate de novo
CNS IgG synthesis in MS patients.

Three studies have been completed to date [42, 44, 45, 46]. Results showed that
steroids administered systemically and intrathecally modulated or normalized the
rate of CNS IgG synthesis [3, 44] whereas cytosine arabinoside given intravenously
or intrathecally did not [46]. Gamma radiation to the CNS (150 rads per day for 8 or
12 days) at 1800 rads enhanced synthesis modestly, which could not be blocked by
steroid treatment, whereas at 1200 rads there was suppression [41, 45]. None of the
putative treatments eradicated CSF oligoclonal bands, even though by inspection
they were reduced in intensity. Clinically, the neurological function of the severely
afflicted patients who participated in these studies was unchanged.

From our clinical trials so far, it appears likely that a mature nonreplicating cell
in the CNS, such as a plasma cell, is responsible for MS de novo CNS IgG synthesis.
This hypothesis is based on the fact that the cytotoxic effect of and cytosine arabino-
side is to inhibit the cell reproductive cycle by preventing DNA synthesis. There-
fore, since this putative treatment had no significant effect, it is warranted to conclude
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that DNA synthesis is not necessary for de novo CNS IgG synthesis. The interpreta-
tion is in concordance with histological observations that plasma cells, non-repli-
cating cells, exist in the MS CNS and that mitoses are never seen in the MS CNS im-
mune reaction [24]. Since a recognized effect of high dose steroids on the immune
reaction is an ability to block IgG synthesis, subsequent clinical trials will include
drugs such as lomustine which inhibit protein synthesis or RNA synthesis, and
readily pass the blood-brain barrier [12 A].

Thus, de novo CNS IgG synthesis rates, as expressed by empirical formula and
corroborated by electrophoretic analysis of CSF oligoclonal IgG, can be used as
measures to follow the effect of putative therapies, especially if MS is an autoim-
mune in situ CNS disease. On the other hand, we also believe, that de novo CNS IgG
synthesis can also be used to follow putative therapies if MS is a viral disease. If the
treatment were a virocidal agent and the CNS antigen load were decreased, the
CNS immune reaction would be expected to attenuate, as manifested in part by a
decrease in de novo CNS specific viral antibody synthesis.
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Evaluation of the Blood/CSF Permeability
Coefficients and of the Intrathecal Synthesis of IgG
by Capillary Isotachophoresis

P. DELMOTTE !

Although a considerable amount of time and effort has been spent on the study of
the immunological response on the cellular level in multiple sclerosis (MS), no clear-
cut pattern has emerged until now. The difficulties in standardizing the cellular tests
and the overlapping of results between MS and other neurological diseases have
prevented their use for diagnostic purposes.

However, it is a well established fact that the qualitative and quantitative study
of the humoral immunological response within the central nervous system (CNS),
remains, until now, one of the most important parameters for the diagnosis of in-
flammatory diseases of the CNS, and this is especially true for MS [5].

For this purpose, several techniques have been proposed and used: zone electro-
phoresis, immunoelectrophoresis, rocket electrophoresis, and isoelectric focusing, to
name only some of them.

During the last 2 years, we have been experimenting with capillary isotachopho-
resis of the serum and cerebrospinal fluid (CSF) proteins. We have been able to
show that this new electrophoretic technique offers some interesting advantages: (1)
exactly controlled working conditions lead to very reproducible results; (2) protein
fractions are detected by their UV absorbance under dynamic equilibrium condi-
tions; and (3) peak areas of separated protein fractions are a direct measure of the
absolute amount of protein present.

A detailed description of the entire experimental setup is beyond the scope of
this presentation. For technical details see Delmotte [1].

The lower limit of detection lies around 10 ng of protein.

Unconcentrated CSF can be used, but its high salt content adversely influences
the separation results.

We concentrate the CSF about 10 times and 4 pl of this concentrate are injected.
For serum, only 0.6 pl are used.

Figure 1 shows the isotachophoretic separation patterns of the serum and CSF
of the same normal individual. By manipulation of the composition of the spacer
mobility gradient, one can get a clear-cut separation of albumin and at the same
time a mobility subfractionation of the immunoglobulin G fraction. The non-UV
absorbing zones are due to amino acids injected together with the sample. As al-
ready mentioned, the integrated peak areas are a direct measure of the absolute
amount of protein present in a zone.

By taking into account the injected volumes of serum and CSF, and also the
concentration factor, blood/CSF permeability coefficients can be calculated using
the integrated peak surfaces.

1 National Center for Multiple Sclerosis, Melsbroek/Belgium
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Fig. 1. a Capillary isotachophoresis of serum. b Idem of CSF from the same individual

Fig. 2. Blood/CSF barrier permeability
for albumin and IgG from 20 normal in-
dividuals as obtained by capillary isota-
chophoresis



Evaluation of the Blood/CSF Permeability Coefficients 119

Fig. 3. a Capillary isotachophoresis of serum from a MS patient. b Idem of CSF from same pa-
tient

The results obtained for a group of 20 normal individuals are presented in Fig-
ure 2. The mean and range of the permeability coefficients for albumin and for total
IgG correlate well with results obtained by immunological determination of the
same fractions 2, 5].

The most important feature of capillary isotachophoresis lies in the fact that the
heterogeneous population of immunoglobulin G molecules, with isoelectric points
ranging from around pH 6.8 to 8.6 can be reproducibly subfractionated in about 15
fractions. This subfractionation is based solely on differences in electrophoretic mo-
bility and the delimitation of the fractions depends exclusively on the composition
of the spacer mobility gradient used.

The integration of the peak surfaces of the individual immunoglobulin subfrac-
tions in serum and CSF permits us to calculate the barrier permeability for all of
these subfractions. Considering the fact that all immunoglobulin G molecules have
the same molecular size, it is evident that these permeability coefficients must be
nearly the same and of the same value as calculated for the total IgG’s. All capil-
lary isotachophoretic determinations carried out on serum and CSF of normal indi-
viduals have confirmed this observation.

The situation is entirely different when serum and CSF of patients suffering
from certain neurological disorders are submitted to the same experiments. Figure 3
shows the separation patterns of serum and CSF from a typical MS patient. As
might be expected from the overall composition of the two fluids and from the fact
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that the same mobility spacer gradient is used, the qualitative aspect of the two pat-
terns is grossly the same.

However, the integration of the individual immunoglobulin subfractions brings
to light some striking differences. The permeability coefficients for the fastest mov-
ing IgG subfractions were exactly as could be expected from the permeability coeffi-
cient calculated for albumin. But, as can be seen from Figure 4, most, but not all, of
the slower moving fractions show dramatically lower values for the permeability co-
efficients. The open square is the value for albumin and the open circles are the va-
lues for the IgG subfractions. The permeability coefficient for total IgG is indicat-
ed by the line.

In this case, the value for total IgG left no doubt about the presence of intracere-
brally synthesized IgG. However, it is well to draw attention to the striking differen-
ces in values for the permeability coefficients for the different IgG subfractions.

An entirely different picture is shown in Figure 5. Here, the permeability coeffi-
cient calculated for total IgG was about twice the value calculated for the albumin
fraction: as this result fell within the range of values found for normal individuals,
there was absolutely no evidence for intrathecal synthesis of IgG.

However, the permeability values of the IgG subfractions leave no doubt in this
case. The fastest moving fractions have values in accordance with the results found
for albumin, and also well above the value calculated for total IgG. But for the slow-
er moving fractions, the values are dramatically different and leave not the slightest
doubt about the intrathecal synthesis of IgG.
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The same quantitative approach can be used to estimate the amount of intrathe-
cally synthesized IgG. Instead of using as a baseline value the permeability coeffi-
cient of albumin, we now can use as a baseline value the mean permeability coeffi-
cient of the IgG subfractions which have the highest permeability coefficient [4].

For a group of about 70 clinically confirmed cases of MS we found in most cases

a percentage of intrathecally synthesized IgG of between 20 and 40% of total IgG,
with cases reaching values as high as 65%.

Even in cases with very low total CSF protein and having at the same time a low
percentage of IgG, capillary isotachophoresis can detect local synthesis of IgG.

Isoelectric focusing in thin layers of acrylamide of the CSF IgG’s, has proven to
be the most sensitive method for detecting the presence of oligoclonal IgG fractions
in CSF. Parallel studies between isoelectric focusing and capillary isotachophoresis
have shown a 100% correlation between these two methods for the detection of local
IgG synthesis. Capillary isotachophoresis has the added advantage of speed and
quantitation.

In conclusion we can state the following: (1) Capillary isotachophoresis gives
not only an overall qualitative picture of the protein composition of serum and
CSF, but the separation pattern can be quantitatively interpreted. (2) Total analysis
time for one individual takes only 1 h; (3) The reproducible subfractionation of the
IgG’s gives not only very interesting information for diagnostic purpose, but at the
same time has brought additional strong evidence for the intracerebral synthesis of
IgG’s in some neurological diseases, especially MS.
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CSF-Oligoclonal Bands in Multiple Sclerosis

R. M. ScamIDT and V. NEUMANN !

Summary

The present paper is concerned with a correlation between clinical parameters of
multiple sclerosis (MS) and different agar gel clectrophoresis patterns in cerebrospi-
nal fluid (CSF). Agar gel electrophoresis clearly represents the most sensitive meth-
od for the demonstration of oligoclonal bands in CSF.

The determination “oligoclonal aspect” has been proposed by Laterre [5)]. By this
term he designated the discontinuous course of the y-globulin zone and the existence
of several y-fractions in agar gel electrophoresis.

In this paper we shall discuss the following points:

1. The frequency of CSF y-globulin fractions and augmentation of the y-globulin
bands in relapsing, chronic-progressive, benign MS and in the late form of polysc-
lerosis with special consideration of age and sex.

2. The frequency of CSF y-globulin changes in relation to exacerbation and interval
of MS. This paper is an attempt to prove that the agar gel electrophoresis of CSF
is the most useful method for establishing the diagnosis of MS.

Materials and Methods

Two-hundred and twenty-five MS cases were classified as clinically confirmed, where-
as the benign forms were considered as probable. The diagnosis of MS was made
according to Bauer et al. [1] and Poser et al. [11].

Agar Gel Electrophoresis

Five ml of CSF were concentrated 500 times by means of negative-pressure ultrafil-
tration, using the commercial collodium bags from Membranfilter Gesellschaft,
Gottingen. Electrophoresis of the concentrates was carried out in agar gel according
to Wieme [18].

Statistical calculations for the different groups were done using an f-test. Corres-
ponding to the resulting values, we employed the empirical or the approximative ¢-
test. In the individual groups, the calculations were made with the actual values ob-
tained. If we did not obtain a separation of the fractions, we reduced the total num-
ber of patients and did not set the omitted value equal to zero. The calculating eva-
luation was done using a computer of the type R 300.

1 Abteilung und Lehrstuhl fiir Neurologie, Klinik und Poliklinik fiir Psychiatrie und Neuro-
logie der Martin-Luther-Universitit Halle-Wittenberg, 4020 Halle (Saale)/ GDR
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Frequency of CSF y-Globulin Fractions and Augmentation
of y-Globulin Bands

We classified the MS patients into relapsing, chronic-progressive, benign, and late
forms, and formed groups of 20 to 30 year-old males and females, 30 to 40 year-old
males and females, and over 40 year-old male and female patients.

Table 1 shows the frequency and the augmentation of the CSF y-globulin frac-
tions from 110 relapsing MS patients, taking into consideration age and sex. In
100% of the cases we found the appearance of the y,-, in 81% the appearance of the
7.~ and in 87% of the cases the y,-globulin fractions. An augmentation of the y,-glob-
ulin bands was observed in about % of the cases in the various age groups. The
7,- and y,-globulin fractions were augmented in more than 50% of the cases on the
average. Within the relapsing MS group, the demonstrable differences of the above
values due to age and sex are very small, but since the groups were so small, further
statistical evaluation was impossible.

Table 2 gives a survey of the frequency of occurrence and augmentation of CSF
7-globulin fractions in 75 chronic-progressive forms of MS with respect to age and
sex. Altogether, we found in 99% of the cases y,-, in 90% 7,-, and in 91% y,-globulin
fractions. The y,-globulin band was increased in over 50% of the cases, the y, globu-
lin band in less than 50%, and the y,-globulin band in more than % of the cases.
In the benign form of MS and in late polysclerosis there was no possibility of group-
ing according to age and sex. We found the y, fraction in almost all the cases, the y,-
band in 85%, and the y, fraction in 55-65% (Table 3). In % of all the cases, one
can see an augmentation of the y,-globulin band. The y,-globulin band was aug-
mented in 50% of the cases, and the y,-globulin fraction in % of the cases.

In relapsing MS, the distribution of the CSF y,-, y,-, and y,-globulin bands with
special consideration of age and sex is shown in Table 4. In almost half of the cases

Table 1. Frequency and augmentation of the CSF y-globulin fractions from relapsing multiple scle-
rosis patients considering age and gender

Relapsing sclerosis ,5 Fraction
multiplex > =

= g

s £

.

R <
age Gender Number Y1 Y Y2 ¥s Ya ¥s
(years) of patients
20t030 9 20 1890 6 18 90 717 85 13 20 100 17 1995 14 12 60 6
20t030 ¢ 20 1890 6 17 85 51680 8 2010013 178510 945 6
30t040 ¢ 20 1785 5 16 80 6 16 80 11 20 100 16 1575 10 12 60 8
30t040 & 20 1090 - 17 85 6178510 2010012 1890 11 840 5
Over40 ¢ 20 1995 6 17 8 8157512 2010017 1785 10 1575 8
Over40 ¢ 10 88 1 10100 6 99 6 10100 7 99 7 525 3

Total 110 98 89 24 95 87 38 90 81 60 110 100 82 95 87 62 61 36 55
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Table 2. Frequency and augmentation of the CSF y-globulin fractions from chronic-progressive MS
patients considering of age and gender

Chronic-progressive _5 Fraction
sclerosis multiplex > =

5 5

2 g

g2

oo <
Age Gender Number Y1 Yi Y2 s Ya s
(years) of patients
20030 qu.d 6 58~ 6100 I 6100 5 6100 3 4 67 1 350 3
30t0d40 ¢ 20 19951 19 95 516 80 1120 100 18 18 90 16 1575 6
30t040 & 9 8 8 1 9100 1 8 8 3 8 8 6 7 78 4 111 1
Over40 ¢ 20 18903 14 70 519 951420100 18 19 9514 1575 9
Over40 3 20 18 90 4 20100 11 18 90 10 20 100 17 20 100 13 12 60 3
Total 75 68919 68 912367 904374 99 62 68 91 48 46 61 22

we found an augmentation of the y,-, y,-, and y,-globulin fractions. A small accentu-
ation of the increase of the y,-, y,-, and y,-globulins can be seen in the group of 20 to
30 year-old patients.

In the chronic-progressive forms of MS, the distribution of the CSF y,-, y,-, ,-glo-
bulin fractions, inclusive of the y,- and y,-globulin bands for the 30 to 40 year-old
group of older patients is very similar (Table 5). On the average they are augmented
in half of the cases with an accentuation of the female sex. In a statistical compari-
son of 16 different age and sex groups of the above-mentioned courses of MS, we
could, with the help of the approximative or empirical -test, observe significant re-
sults in the y,-, 7,-, and y,-globulin bands of the relapsing and chronic-progressive

Table 3. Frequency and augmentation of the CSF y-globulin fractions in the benign and late
form of sclerosis multiplex

Benign sclerosis § Fraction
multiplex 2 =
g =
-
g 2
<
Number of  Age 1 i Y2 ¥s Ya ¥s
patients
20 Qu.d 19955 1784 178512 19 9517 13658 11556
Late form of sclerosis multiplex
numberof  Age T i Y2 ¥s Ya Ys

patients

20 eud 1680 1 14705 1785 9 20100 14 1260 6 11 5538
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Table 4. Distribution of the CSF y,-, v5- and y,-globulin bands in relation to age and gender in re-
lapsing sclerosis multiplex

Age Gender number No. onlyy, onlyy; onlyy, Y.+vs Yatvs Vstys 7o
fraction Ys+7va
path

20t030 & 20 3 1 0 0 0 0 2 10

Q 20 1 0 0 0 0 0 0 12
b 40 4 1 0 0 0 0 2 22
30t040 & 20 2 0 1 1 2 0 0 6
Q 20 0 0 2 1 0 0 0 8
by 40 2 0 3 2 2 0 0 14
Overd0 & 12 2 0 0 0 0 0 0 5
Q 20 0 1 0 0 0 0 0 8
b 32 2 1 0 0 0 0 0 13
X g 52 7 1 1 1 2 0 2 21
Q 60 1 1 2 1 0 0 0 28
b 112 8 2 3 2 2 0 2 49

Table 5. Distribution of the CSF v,-, v5- and y,-globulin bands in relation to age and gender of chro-
nic-progressive sclerosis multiplex

Age Gender Number No. Onlyy, Onlyys Onlyy, v,+vs Ya+vsa VYstYs Yot
fraction Y5+ Vs
path

30tod40 & 10 2 1 1 0 1 0 2 2

Q 20 1 0 0 2 0 6 9
2 30 3 1 1 0 3 0 8 11
Overd40 & 20 2 0 3 0 0 5 7
Q 20 0 0 3 1 1 0 1 12
2 40 2 0 6 1 0 19
2 3 30 4 1 4 3 0 7 9
0 40 1 0 3 1 3 0 7 21
b 70 5 1 7 1 6 0 14 30

forms. These differences especially concern the patients aged 30 to 40 years and the
over 40 group. A representation of the individual results would trespass the limits of
this paper. A publication on this subject will be prepared.

To summarize, it must be said that the agar gel electrophoretic y-globulin spec-
trum with respect to age and sex does not show statistically significant differences
between the relapsing, chronic-progressive, benign, and late forms of MS, even if
only significant differences could be found in individual comparisons of the differ-
ent age and sex groups.



CSF-Oligoclonal Bands in Multiple Sclerosis 127

Frequency of CSF y-Globulin Changes in Relation to Exacer-
bation and Interval of Multiple Sclerosis

In a further investigation group, we compared the CSF y-globulin bands of 20 pa-
tients during exacerbation and in the interval stage. Here, no significant differences
in the y-globulin bands could be detected, although reduced y-globulin values could
be observed in individual cases during the exacerbation. This finding of lowered rel-
ative CSF y-globulin concentrations in relation to exacerbations of MS may be due
to increased consumption or to a temporary blockade in synthesis.

In MS patients over 40 years old, especially in females, the y,—y,-globulin values,
for instance, in the chronic-progressive course, show a slightly increased quantita-
tive and qualitative aspect, as can be seen from Table 5. We think that these differ-
ences not only originate from the disease, but possibly from age-conditioned aug-
mented immunoglobulin values observed in the serum.

Table 6 gives the age- and sex-dependent values of immunoglobulins of normal
persons, which were found recently by a member of our team using radial immuno-
diffusion.

The oligoclonal bands in the y,-, and y,-globulin range, which are not specific for
the disease but contribute significantly to the confirmation of the diagnosis, might
correspond to an overrepresentation of the immunoglobulin G molecules and might
produce structural deviations in the normal immunoglobulin G molecule, which are
represented physicochemically in a separate fractionation.

Table 6. IgG-concentration (mg/100 ml; IE/ml) in blood serum at 280 healthy reference per-
sons in relation to age and genus

3 Q

Age n X+ts X+s n Xxts X+s P

(mg/100 ml) (IE/ml) (mg/100 ml) (IE/ml)
20 to 30 26 692 +£270 80+ 31 32 889 1364 102 +42 < 0,05
31 to 40 71 8821316 101+36 14 9334278 107 £ 32 n.s.
4] to 50 67 908 +328 104 + 38 7 838 +203 96 +23 n.s.
51 to 60 26 1055 4+ 504 166 + 58 12 843+ 277 97+£32 n.s.
Over 60 16 1257 +£395 145 +45 9 887 +253 102+29 <0,01
Total 206 9171372 105443 74 885+ 305 102 £ 35 n.s.
Summary

We found three basic results:

1. The high incidence of positive results in oligoclonal bands in 90—95% of definite
MS cases and the low incidence in other diseases (3%) emphasizes the diagnostic
value of agar gel electrophoresis.

2. Agar gel electrophoresis is the most sensitive electrophoretic technique presently
available for the demonstration of discrete immunoglobulin G bands in CSF. We



128 R. M. Schmidt and V. Neumann: CSF-Oligoclonal Bands in Multiple Sclerosis

do not agree with Delmotte et al. [3] that in MS only 70% of the clinically con-
firmed cases show a restricted microheterogeneity of the y-globulins in the CSF.

3. For clinical diagnosis, the relative or absolute levels of y-globulins in CSF are less
important than the electrophoretic morphology.
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CSF Findings in Patients with Multiple Sclerosis
and Optic Neuritis

H. PRANGE!

There have been numerous studies of routine CSF parameters (cells, total protein,
IgA, IgM, absolute and relative IgG content) with different symptom constellations
and the course of MS (1-5). In this report the CSF findings in patients with MS and
optic neuritis were registered using a detailed documentation system of clinical
symptoms and CSF data; a comparison of the results was made.

Material and Methods

Three groups of patients were chosen:

1. Patients with isolated optic neuritis (n = 43).

Twenty-three of these patients (53%) developed other symptoms of MS in the
further course of disease. In the other cases the etiology could not be clarified.
The duration of illness was less than 12 weeks with the exception of five patients
who had recurring optic neuritis.

2. MS cases with exclusively spinal symptoms throughout the course of disease
(n = 21; primarily remitting 8; primarily chronically progressive 8; primarily re-
mitting, later chronically progressive 5). The mean duration was 5.3 years.

3. MS cases with disseminated symptoms.

This is a miscellaneous group of 210 patients with various courses of MS varying
in symptoms and duration of disease (primarily remitting 58%; primarily chroni-
cally progressive 12%; primarily remitting, later chronically progressive 30%). The
mean duration of illness was 7.1 years.

The CSF total protein was determined by the biuret method (normal up to
45 mg per 100 ml). Immunoglobulins of CSF were estimated by means of radial im-
munodiffusion technique (Behring-Werke Marburg; normal ranges with IgG
2.1-4.3 mg/100 ml, IgM 0-0.2 mg/100 ml and IgA 0-1.0 mg/100 ml). The relative
IgG content is corresponding the CSF-IgG/total protein ratio (IgG X 10/total pro-
tein; normal up to 1.5).

CSF cells were counted in the Fuchs-Rosenthal chamber.

Results and Discussion

The results of this study are given in Table 1. The colloid curve was found to be path-
ologic in the majority of MS patients (group 2 and 3 - 81% and 90% respectively)
but only at 47% of the optic neuritis cases.

1 Neurologische Universititsklinik, 3400 Géttingen/FRG
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Compared with MS cases presenting disseminated and exclusively spinal symp-
toms and signs, optic neuritis differs significantly from both MS groups with respect
to the absolute IgG increase (more than 80% in the MS groups vs 37% in the optic
neuritis) and to the quotient IgG - total protein (about 60% in the MS groups versus
18% in the optic neuritis group). There is also a significant difference concerning the
total CSF protein increase (about 40% in the MS groups versus 12% in the optic
neuritis group), whereas the difference in pleocytosis (55% in the MS groups and 38%
in the optic neuritis group) is less pronounced.

We did not ascertain any statistical differences between the two groups of MS
with disseminated and spinal symptomatology.

These findings suggest that the CSF immune reaction characterizing MS is (still)
absent in the majority of the optic neuritis cases, possibly due to the fact that (1)
they represent a very early stage of the disease and (2) some cases of optic neuritis
may not be a manifestation of MS. The fairly high percentage of pleocytosis in the
optic neuritis group, contrasting with the absence of IgG rise and pathologic colloi-
dal curve in the majority of these cases, indicates that increase of CSF cells is the
initial finding in the chain of immunological reactions identifiable in the CSF.
This should also be remembered in early stages of MS presenting with polytopic
symptomatology.
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Oligoclonal Cerebrospinal Fluid Inmunoglobulin in
Relation to Measles and Parainfluenza Antibody
Response in Multiple Sclerosis

A. WAIGT and E. BOGACZYNSKA ?

Introduction

The concomitant occurrence of (1) a local production of oligoclonal IgG as estimat-
ed based on kappa and lambda light polypeptide chain imbalance (KL/LL chain
imbalance), and (2) measles and parainfluenza type III (p. infl. type III) specific an-
tibody response in the cerebrospinal fluid (CSF) of many multiple sclerosis (MS)
patients prompted an analysis of the correlation between these phenomena [1, 3, 5,
8,9,11, 12, 13].

Materials and Methods

Quantitation of CSF and serum IgG, IgA, IgM, and KL and LL polypeptide chains
and albumin was performed by single radial immunodiffusion (RID) on 10-fold
concentrated CSF samples and 20-fold diluted serum samples [6]. The descriptions
given by Link [5] regarding the choice of pooled blood donor serum as standard and
regarding the quantitation of KL and LL chains, were followed [3,4]. CSF IgG index
CSFIgG . Serum IgG

calculated i la: — —. In or-
was calcul according to the formula CSF albumin - Serum albumin®
Table 1. Frequencies of immunoglobulin abnormalities in the CSF in MS
KL/LL Chain imbalance 1gG Increased above 1gG Index

<0.85 32 12% 24% CSF IgG - Serum IgG
Ratio > 1.18 mg%h of prot. ofalb.  CSF alb. - Serum alb.

>0.73

% of MS cases with 52%* 67% 65% 51%
abnormal values e
(above or below” normal 57% 64% 48%
limits)

together 68%

Additional % of cases - + 30% + 0%

Together of cases 52% 82% 82%

1 Department of Neurology, Medical Academy, 49 Przybyszewskiego Str., 60-355 Poznafi/
Poland
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der to visualize multiple discrete bands in the gamma globulin region of an electropho-
retic run, agar and agarose gel electrophoresis of unconcentrated CSF samples was
performed according to Kerenyi et al. [2]. Indirect immunofluorescence was em-
ployed to search for IgG content in the cytoplasm of the CSF cells sedimented in
Sayk’s apparatus [10, 15]. To determine the titer of measles and p. infl. type I and
type III specific antibody in unconcentrated CSF and serum samples, the hemag-
glutination inhibition (HI) microtest was performed [11, 12].

Results obtained in the group of 100 patients classified as definite or probable
MS according to McAlpine et al. [7] were referred to four control groups, including
the normal control group of neurotics and the group of 35 active neurosyphilis cases
(Table 3).

Results

CSF immunoglobulin abnormalities in the MS group are shown in Tables 1-3.

The upper normal limits of IgG, IgM, and IgA absolute (mg%) and relative (% of
total CSF protein and % of CSF albumin) level in the CSF of normal control group
of neurotics was determined (Table 1). The upper normal limit of IgG index values
was equal to 0.73. All CSF KL/LL chain ratio values in the control neurotics group
fell into the range of 0.86—1.16. Oligoclonal Ig response recognized from discrete
bands in the gamma globulin region on agar gel electrophoresis of unconcentrated
CSF was seen in 84% of MS cases (Table 2). The usefulness of this electrophoretic
method is compared with the diagnostic value of KL/LL chain ratio estimation.
The KL/LL ratio shift proved to be very specific for MS CSF immunoglobulin. The
oligoclonal Ig pattern recognized from the KL/LL chain ratio imbalance was en-
countered only in the CSF of MS patients — in 52% of MS cases (Table 3). Other

Table 1
IgM Increased above IgA Increased above Oligoclonal gamma globulin
on agar gel electrophoresis
0.29 0.52% 0.7 2.7% 4.5%
0.05 of prot. ofalb. mg% of prot.  ofalb.
mg%
30% 27% 30% 30% 84%
P ) e el ——
27% 27% 17% 25% 23% 28%
together 30% together 31%
0% + 4% + 9%
82% 86% 95%

* This group of 52 cases of MS with KL/LL chain ratio imbalance comprises 14 cases with
normal IgG level and 9 cases with normal IgG, IgM, and IgA level
> Refers only to KL/LL ratio reduction <0.85



134

A. Wajgt and E. Bogaczyniska

Table 2. Oligoclonal CSF IgG character recognized from discrete bands in the gamma globu-
lin region on agar gel electrophoresis of unconcentrated CSF*

Oligoclonal CSF IgG Number of cases with

Number of 2 bands 3 bands 4 bands

cases in gamma

(n) % globulin

region
(n) (n) (n)

Group I: 61 84% 32 217 2
Multiple Sclerosis (73)
Group II: 0 0% 0 0 0
Neurotics (20)
Group III: 11° 28% 10 1 0
Other CNS diseases 39

() Number CSFs tested
= Electrophoresis was performed according to Kerenyi [2]
55 Clinical diagnosis: Tumor cerebri—3 cases; encephalomalacia, SSPE, and Gullan-Barré
Syndrom — 1 case: Syphilis of the CNS -5 cases

Table 3. The characteristics of CSF and serum lg with respect to KL/LL chain ratio in the MS
group as compared to controls

CSF KL/LL ratio Incidence of CSF Serum KL/LL ratio
KL/LL ratio
imbalance
X +sd Range KL/LL KL/LL
>1.18 +<0.85 X +sd range
Group I: 1.16+0.47 0.50 31 +21=52 0.98+0.06 0.85
MS (100) -2.68 (100) =52% (46) —1.15
Group II: 1.01+0.08 0.86 0 1.00+0.10 0.85
Neurotics (25 —1.16 -1.15
Group III: 0.98+0.09 0.86 0 0.97+0.07 0.85
Neurologic Diseases -1.16 -1.15
with CSF total (25)
protein <40 mg%
Group IV: 1.02+0.07 0.93 0 1.01+0.07 0.86
Neurologic diseases -1.17 -1.16
with CSF total (11)
protein > 40 mg%
Group V: 102+0.2 0.85 0 not tested
Syphilis (35) —~1.16
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CSF immunoglobulin abnormalities: multiple Ig bands on agar gel electrophoresis,
increased IgG index value, increased IgM, IgG, and IgA absolute and relative level
expressed as percent of total CSF protein and percent of CSF albumin — although
characteristic of and very frequent in MS (Table 1), were less specific than KL/LL
chain ratio shift. Nevertheless, the increase of CSF IgG index value, and CSF IgG,
IgA, and especially IgM relative level was largely confined to MS and neurosyphilis
cases [Wajgt, unpublished data].

On the whole, CSF immunoglobulin abnormalities were encountered in 95% of
MS cases studied (Table 1). Increased CSF relative Ig level and CSF IgG index val-
ue, oligoclonal CSF Ig pattern recognized from discrete bands on agar gel electro-
phoresis and from KL/LL chain derangement as opposed to polyclonal serum Ig
character [Wajgt, unpublished data], and the presence of IgG-laden cells in the CSF
of MS patients evidenced by the indirect immunofluorescent technique, all indicate
intrathecal Ig production in MS cases.

Presence of Measles and P. Infl. Type I and Type III HI Antibody in Serum
and CSF Samples in MS and Control Groups

Serum measles and p. infl. type III antibody were found with a comparably high fre-
quency (above 91% of positive sera) in all groups studied (Table 4). However, the
mean titer of positive samples was significantly higher in the MS group (P <0.01).
Serum p. infl. type I antibody was demonstrated in a relatively lower frequency in
the MS and control groups, and the differences in mean titer between groups were
insignificant (Table 4).

CSF measles and p. infl. type III antibody were found more frequently in the
MS group than in the controls (47% for measles and 41% for p. infl. type III of posi-
tive CSF in the MS group). These differences were significant at a P <0.001 and
P <0.02 level, respectively. The mean titer of measles-positive CSF samples, equal
to 1.122, was significantly higher (P <0.05), and the mean titer of p. infl. type III
antibody, equal to 0.697, was much higher in the MS group than in the control neu-
rotics and other neurological diseases (OND) group, with CSF total protein level
below 40 mg% (Table 5).

P. infl. type I CSF antibody was demonstrated in much lower frequency in all
groups (in only 12% of positive CSF samples in the MS group), and the mean anti-
body titer was even lower in the MS group than in the control neurotics group (Ta-
ble 5). The correlation coefficient for serum and CSF measles HI antibody titer in
the MS group (r = 0.24) was lower than in all other groups together (r = 0.50). In
the case of p. infl. type III HI antibody titer, this correlation coefficient was low both
in the MS group (» = 0.24) and in all other groups together (r = 0.25).

From virological studies it was inferred that in the MS group there is only an in-
significant correlation between CSF measles and p. infl. type III antibody titer and
serum antibody level, even lower than in the control groups. Nevertheless, measles
and p. infl. type III serum and CSF HI antibody titer, and the frequency of positive
CSF are significantly higher in the MS group than in controls, in contrast to low,
very comparable p. infl. type I serum and CSF antibody response in the MS and
control groups.
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Table 6. The relationship between oligoclonal CSF Ig pattern and measles-specific HI antibodies in the

CSF and sera of MS patients

MS group A MS group B Total number
KL/LL ratio KL/LL ratio of MS cases
abnormal normal
n=49 n=51 n=100
1 CSF JgG mean level mg% x+xSD  4.718+3.046 4.169+2.934 4.396+3.021
P not significant
2 CSF measles antibodies n% 30(61.2%) 19 (37.2%) 49 (490%)
present P P<0.02
3 CSF antibody GMT x+SD  1.100+0.831 1.158 £ 1.136 1.122+£0.961
P not significant
4 CSF JgG mean level mg% x+SD  5.388+3.387 5.715+3.621 5511+3.479
P not significant
5 Serum measles antibody x+SD  4.608 +1.437 4.588+1.286 4.600+1.374
GMT P not significant
6  The ratio of serum/CSF x+SD  3435+1.527 3.294+1.362 3375+ 1.461
antibody litre P not significant
7 CSF measlies antibodies n% 19 (38.8%) 32 (62.8%) 51(51.0%)
not present P P<0.02
8  CSF JgG mean level mg% x+SD  3.660+1.998 3299+ 1.994 3.434£2.003
P not significant
9  Serum measles antibody x£SD  4.428+1.050 4379+ 1.243 4.400£ 1.166
GMT r not significant
10 Statistical significance P P<0.1 P<0.01 P <0.001
between JgG levels
in line 4 vs 8
11 Statistical significance P not significant

between GMT
in line 5 vs 9

not significant

GMT =
P = the Level of Statistical significance
n = number of cases

geometric mean titre expressed as lg, (CSF or serum dilution™)

Relationship Between the Oligoclonal CSF Ig Pattern Recognized from
KL/LL Chain Ratio Derangement and CSF Measles and P. Infl. Type III
HI Antibody Response in the MS Group

CSF measles antibody was evidenced in 30 (61%) CSF showing simultaneously the
KL/LL ratio shift (MS subgroup A, Table 6), and in only 19 (37%) CSF with a nor-
mal KL/LL ratio (MS subgroup B, Table 6). This difference was statistically signifi-
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Table 7. The relationship between oligoclonal CSF Jg pattern and parainfluenza type I1I specific HI an-
tibodies in the CSF and sera of MS patients

MS group A MS group B Total number
KL/LL ratio KL/LL ratio of MS cases
abnormal normal
n=49 n=>51 n =100
1 CSF JgG mean level mg% x+SD  4.718+3.046 4.169+2.934 4.396 +3.021
P not significant
2 CSF parainfluenza, type IIl ~ n% 24 (49.0%) 15 (29.4%) 39 (39.0%)
antibodies present P P<0.05
3 CSF antibody GMT x£SD  0.609+0.417 1.000 + 1.000 0.757+£0.819
P not significant
4 CSFJgG mean level mg% x+SD  5.127+2.527 6.176 £2.487 5.513+2.562
P not significant
S Serum parainfluenza x+SD  2.471+£1.036 2.923+1.071 2.666 £1.258
type III antibody P not significant
6  The ratio of serum/CSF x+SD  1.882+1.182 1.846 + 1.350 1.867 +1.258
antibody titre P not significant
7 CSF parainfluenza type III n% 25(51.0%) 36 (70.6%) 61(61.0%)
antibodies not present P P <0.05
8 CSF JgG mean level mg% x£SD  4.175+3.655 3.666 +2.399 3.875+2.989
P not significant
9 Serum parainfluenza type II x£SD  2.000+1.323 2.467+£1.477 2.259+1.430
antibody GMT P not significant
10 Statistical significance P not significant P <001 P <0.001
between JgG levels
inline 4 vs 8
11 Statistical significance P not significant not significant
betwen GMT
inline 5vs 9
GMT = geometric mean titre expressed as Ig, (CSF dilution™) and Ig,
P = level of statistical significance
n = number of cases

cant (P <0.02). In contrast, no significant difference was found in CSF antibody
titer, CSF IgG level, serum antibody titer, and serum/CSF antibody titer ratio be-
tween MS subgroup A with KL/LL ratio derangement and MS subgroup B with
normal KL/LL chain ratio. The differences between IgG level in measles antibody-
positive versus measles antibody-negative CSF were statistically significant
(P <0.001) for the total number of MS cases, at P <0.01 for MS subgroup B with
normal KL/LL ratio, and only at P <0.1 for MS subgroup A with CSF KL/LL
chain imbalance (Table 6, line 10).
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Similar analysis of p. infl. type III antibody response in relation to KL/LL chain
ratio and IgG level is depicted in Table 7. CSF p. infl. type III antibody was found
in 24 (49%) CSF showing simultaneously the KL/LL ratio shift (MS subgroup A),
and in only 15 (29%) CSF with a normal KL/LL ratio (MS subgroup B, Table 7).
This difference was significant (P <0.05). To the contrary, no significant difference
was encountered between MS subgroup A (with KL/LL ratio derangement) versus
MS subgroup B (with normal KL/LL ratio) in the CSF antibody titer, CSF IgG lev-
el, serum antibody titer, and serum/CSF antibody titer ratio. The differences be-
tween IgG mean level in p. infl. type III positive CSF versus p. infl. type III negative
CSF were highly significant for the total number of MS cases (P <0.001), signifi-
cant at P <0.01 for MS subgroup B, but not significant in MS subgroup A charac-
terized by CSF KL/LL chain derangement (Table 7, line 10). There was also no
significant difference between measles and p. infl. type III serum antibody level
in MS cases with virus antibody positive CSF versus MS cases with virus antibody
negative CSF (Tables 6, 7, line 11).

Conclusions

In our MS population:

1. Local, intrathecal production of oligoclonal Ig takes place in the majority of MS
cases.

2. Serum of MS patients is characterized not only by increased titer of measles-spe-
cific HI antibody, but also by increased titer of p. infl. type III specific HI anti-
body.

3. CSF of MS patients is characterized by increased frequency of measles and p. infl.
type III specific HI antibody. There is also a conspicious increase of these anti-
body titers in the CSF of MS patients.

4. There is only very superficial, insignificant positive correlation between CSF anti-
body response and serum antibody level in MS cases.

5. Strong positive correlation exists between CSF antibody response and CSF IgG
level in MS cases with normal KL/LL chain ratio. By contrast, this correlation is
insignificant in MS cases characterized by KL/LL chain ratio derangement.

6. Very significant positive correlation exists between the CSF oligoclonal Ig pattern
recognized from KL/LL chain ratio shift and CSF measles and p. infl. type I11
specific HI antibody response. Oligoclonal CSF Ig accounts for CSF antibody
response. However, the nature of the correlation between the occurrence of oli-
goclonal Ig and high measles and parainfluenza CSF antibody response remains
to be explained [1, 5, 8, 9].
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Oligoclonal Bands in Cerebrospinal Fluid

S. Procaccia ! and D. CAPUTO 2

Considering the well-known importance of CSF IgG in laboratory tests for the diag-
nosis of MS, we have studied purified CSF IgG using the technique of isoelectric
focusing (IEF) (Table 1) in 17 cases of MS and a control population of 22 Other
Neurological Disease (OND) and 14 normal subjects (Table 2).

We have confirmed the frequent finding of oligoclonal bands with alkaline iso-
electric points (pI) (pH 7.5-9.0) in the CSF of patients suffering from MS (Table 3).
Their identity as IgG was verified using crossed immunodiffusion.

Among the MS patients, a correlation was found between CSF IgG > 3 mg¥%,
and the presence of an alkaline oligoclonal pattern (11 of 12 patients).

In the OND group, none of the cases with CSF IgG >3 mg%, (19 of 22) showed
an oligoclonal pattern (Table 4). The comparison of all CSF with their respective
sera excluded the presence of oligoclonality in the serum of all subjects studied. The
oligoclonal pattern is a notable diagnostic aid for MS. In fact, in 70% of MS cases,
the oligoclonal aspect can be demonstrated using electrophoresis, while of the re-
maining 30% negative at electrophoresis, three out of four can be shown to have
oligoclonal bands using IEF. It is here that the practical application for MS lies.

Table 1. Methods

1. Preliminary purification of CSF IgG using ion-exchange chromatography (DEAE-cellulose)
2. Concentration (MINICON-B) of eluate to as close to 1 mg/ml IgG as possible
(30-200 mg/100 ml)
3. Isoelectric focusing using thin-layer polyacrylamide gel (LKB 2117 Multiphor) as described
by Westenberg (1973) with a pH range of 3.5-9.5
4. Crossed immunoelectrofocusing from polyacrylamide gel into Agar

Table 2. Patients studied

17 cases of MS

22 cases of Other Neurological Diseases (OND)

— 10 inflammatory
— | tumor

— 2 trauma

— 9 other

14 normal subjects

1 Clinica Medica IV, Universita Degli Studi Di Milano/Italy
2 Centro Studi Sclerosi Multipla, Ospedale Generale Provinciale, Via Pastori, 4, 21013 Gal-
larate (VA) Italy
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Table 3. 17 Cases of MS

Age Sex  Duration  Clinical Clinical Last CSF
of disease  course stage exacerbation IgG
(years) (with respect  mg. %
to Jumbar
puncture)

MS 1 53 F 23 INT STA <3 months 37
MS 2 50 M 5 INT AGG >3 months 6
MS 3 46 M 9 PRO STA <3 months 3

MS 4 o4 F 7 PRO STA <3 months 114
MS 5 50 F 17 INT AGG >3 months 18
MS 6 36 F 21 INT STA <3 months 6

MS 7 60 F 14 INT AGG >3 months 4.5

MS 8 46 M 12 PRO AGG <3 months 4.5
MS 9 34 F 9 INT STA >>3 months 12
MS 10 28 F 3 PRO AGG <3 months 6
MS 11 21 M 1 PRO AGG >3 months 2
MS 12 45 F 8 PRO AGG <3 months 2

MS 13 49 F 4 PRO AGG <3 months 75

MS 14 33 F 4 PRO AGG >3 months 6.5
MS 15 21 M 2 PRO AGG <3 months <3
MS 16 49 F 5 INT STA >3 months 4
MS 17 - M 16 PRO AGG <3 months <1

INT =intermittent; STA =stationary; PRO = progressive; AGG =aggravation

Table 4. IgG oligoclonal aspect (OA) in CSF

OA

Cases Present Absent

Cases of MS

with CSFIgG =3 mg% 12 11 1
<3mg% 5 5

Normal subjects 14 14

Other neurological diseases 22 22

We have begun a second phase of our research to investigate the antibody-func-
tional characteristics of these bands. Experiments using immunodiffusion sys-
tems with antigens such as myelin basic protein and measles cell-pack antigen are
currently underway.

Reference

Procaccia S, Caputo D, Nickerson CJ, Cazzullo CL (1978, to be published) “CSF immuno-
globulins in multiple sclerosis” International Symposium: Immunopathology of the
central and peripheral nervous system. Milano, June 14-16, 1978



Quantitative Determination of IgG Subclasses in CSF
and Serum of MS Patients: Comparison with
Other Neurological Diseases and Normal Controls

W. P. KaSCHKA * 3, L. THEILKAES 2, K. EICKHOFF , and F. SKVARIL 2

Introduction

Local 1gG production has been shown to take place in the subarachnoid space of
patients with chronic inflammatory diseases of the central nervous system (CNS) [2,
3,5, 6,7, 13]. Numerous investigators have further characterized the CSF IgG frac-
tion with regard to different molecular properties [1, 4, 8, 9, 10, 14, 15].

As yet, only qualitative data on IgG subclasses in CSF and serum of MS patients
are available [12, 14]. In our joint study, quantitative determinations of the four IgG
subclasses were performed in the CSF of 62 patients and 25 control persons and in
the sera of ten MS patients and seven normal controls.

Materials and Methods

Patients

Twenty-six cases of MS, grouped according to the course of the disease, eight cases
of other inflammatory neurological diseases (OID), and 28 cases of noninflammato-
ry diseases of the nervous system (NID) were compared with 25 controls (Table 1).
The controls were selected out of a number of psychiatric patients and patients with
lumbar disc protrusions guided by the criterion of normal routine CSF findings
including IgG/albumin ratios [2]. MS patients with additional blood-brain barrier
disturbances were excluded from the study [3]. CSF was obtained by lumbar punc-
ture.

Quantitative Determinations of Total Protein, Albumin,
Total IgG, and IgG Subclasses

In all CSF specimens, cell count, total protein, normomastix reaction, and the con-
centrations of albumin, IgG, IgA, and IgM were determined as described by Eick-
hoff and Heipertz [3]. The quantitative determination of IgG subclasses was per-
formed according to Morell and Skvaril [11].

1 Department of Neurology (Director: Prof. Dr. H. J. Bauer), University of Gottingen, Ro-
bert-Koch-StraBe 40, D-3400 Géttingen/FRG

2 Institute for Clinical and Experimental Cancer Research, University of Berne, Tiefenau
Hospital, CH-3004 Berne/Switzerland

3 Present address: Institute for Clinical Virology, University of Erlangen-Nuremberg,
Loschgestrasse 7, D-8520 Erlangen/FRG
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Table 1. Grouping of the patients included in the study

Group Course of disease/diagnosis No. of
patients

MS Relapsing 10

n=26 Relapsing and progressive 10
Chronic progressive 6

OID Meningitis (viral) |

n=3 Encephalitis 3
Polyradiculitis 1
Radiculomyelitis 2
Neurosyphilis 1

NID Epilepsy 1 (3.6%)

n=28 Brain Tumor 11 (39.3%)
Tumor of the spinal cord 1 (3.6%)
Subarachnoid hemorrhage 1 (3.6%)
Polyneuropathy 5(17.9%)
Hydrocephalus 1 (3.6%)
Brain infarction 5(17.9%)
Neurofibromatosis 1 (3.6%)
(von Recklinghausen’s disease)
Palsy of the sixth cranial nerve 1 (3.6%)
Myatrophic lateral sclerosis 1 (3.6%)

Statistical Calculations

Data are presented as mean values £ SD. The significance of differences was tested
using Student’s r-test.

Results

The preliminary outcome of our study is summarized in Tables 2 to 4.

Because of the heterogeneity of the NID group with regard to blood-brain bar-
rier dysfunction, we did not test the differences between this group and the MS sub-
groups for significance.

Discussion

Our quantitative results confirm the qualitative findings of Vandvik et al. [14], who
described a predominance of the IgG1 subclass in the CSF of MS patients as com-
pared with the corresponding sera and with normal CSF. Oligoclonal IgG bands in
the CSF of MS patients seem to belong mainly to the IgG1 subclass [14].
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Table 3. IgG subclasses in the CSF
IgG1 (%) 1gG2 (%) 1gG3 (%) IgG4 (%)
Normal controls 52.36+10.88 36.06 £10.52 7.0543.62 4.53+£2.56
n=25
MS (all subgroups) 78.11+£8.77 16.71+£7.55 331+1.44 1.76 £ 1.08
n=26 * Control * Control * Control * Control
*OID * OID * OID *OID
* NID * NID *NID * NID
MS relapsing 71.1+8.0 1721+6.6 3619 2.1+£13
n=10 * Control * Control * Control * Control
* OID * OID * rel. and
progr.
MS relapsing and 80.3+£6.7 152+6.0 32£1.0 1.1£04
progressive * Control * Control * Control * Control
n=10 *0ID * OID *OID
* relapsing
* chron. progr.
MS chronic 762+13.2 18.5+115 31t14 2310
progressive * Control * Control * Control * Control
n=6 * OID * OID * rel. and
progr.
OoID 50.98 +14.77 39.0+14.24 4.90+2.96 5.13+5.47
n=8 *MS * MS * MS *MS
NID 46.47+12.39 4431+11.07 5.84+2.92 3.37+3.16
n=28 * MS * MS * MS * MS
* Control * Control
* means: significantly different from... (at P < 0.05)
Table 4. Simultaneous determination of the IgG subclasses in CSF and serum
IgG1 (%) 1gG2 (%) IgG3 (%) 1G4 (%)
CSF Serum  CSF Serum CSF Serum  CSF Serum
Normal controls ~ 42.79 51.87 46.47 38.13 4.93 6.14 5.83 3.86
n=171 +6.60 +9.72 710 +8.89 +327 £361 £229 +1.68
MS 83.62 63.65 12.07 29.08 2.98 4.94 133 2.33
n=10 +8.77 +6.00 +7.90 +539 +0.83 +2.66 +0.56 +2.94
Significance of ~ P<0.0005 P<0.005 P<0.0005 P<0.01 P<0.05 ns. P<0.0005 n.s

the difference
between
controls and MS

n.s.=not significant
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Summary

Radioimmunological determinations of the IgG subclasses in the CSF of control
persons and several groups of neurological patients as well as in the sera of MS pa-
tients and control persons were performed. We found that the relative proportion of
IgG1 in the CSF was significantly higher in the MS group than in the other groups,
whereas the percentages of the three other subclasses were significantly lower in the
MS group. No major differences were found between the distributions of the IgG
subclasses in the CSF of different groups of MS patients (grouped according to the
course of the disease) and between the OID and NID groups. The predominance of
IgG1 over the other IgG subclasses was less marked in the sera than in the CSF of
MS patients.
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Assessment of Process Activity in Multiple Sclerosis
and Changes in Spinal Fluid

O. R. HomMmes, K. J. B. LAMERS, and P. REEKERS !

Introduction

The correct assessment of the activity of the pathological process in the CNS of MS
patients has been impossible until now. All methods of scoring or ranking clinical
findings in patients are hampered by the fact that an active and extensive demyeli-
nating process may be present in a “silent” part of the CNS, and that small lesions
may cause extensive signs and symptoms.

It is unknown in what way fleeting signs and symptoms in MS are caused and if
these short bouts are related to the activity of the pathological process. Also, there is
no certainty about the significance of presenting symptoms for the eventual course
of the clinical situation.

By scoring the clinical course one can clearly discern a rather constant progres-
sive course over the years in most MS patients [2, 3]. This led Jersild et al. [8] to use
a rough scale of progression. Dividing a score of clinical signs and symptoms at a cer-
tain moment in the development of the disease by the number of years of duration
of the disease, they found a quotient that indicates the number of scored signs
added per year to the total score. It is called a progression rate (PR).

At present, an easily measurable biochemical or biophysical parameter indicat-
ing the activity of the pathological process in MS would be of utmost importance.
In particular, changes in CSF have been studied in this respect. Gammaglobulin,
total IgG content, serum/CSF IgG ratio, oligoclonal bands, and CSF cells have
been correlated with clinical aspects, but without success [10]. In recent years, visu-
ally evoked response and somato-sensory-evoked response have also been studied,
but have given no indication as to the activity of the pathological process in the
CNS of MS patients. In this study we will undertake to correlate the progression
rate with two recently developed parameters: “local” IgG levels in CSF, and histo-
compatibility typing.

Patients and Methods

The patients reported in this study are from a group of 86 definitive MS patients treat-
ed with intensive immunosuppression [6, 7]. All patients had been in a chronic
progressive phase of the disease for at least 1 year. Examination and treatment had
no relation to a recent exacerbation.

1 Department of Neurology and Laboratory of Transplantation Serology, Blood Transfusion
Service, Radboud University Hospital, Nijmegen/The Netherlands
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The clinical signs of the patient were scored according to the Kurtzke scales: (1)
Standard Neurologic Examination (SNE); (2) Functional Systems (FS); and (3)
Disability Status Scale (DSS).

All patients were scored immediately before (I), immediately after (II), and 3
months after intensive immunosuppression (III), and in October 1976 (1-5 years
after the treatment). The progression rate (PR) was calculated by dividing the total
SNE score at I minus 20 by the number of years of duration of the disease.

At I, II and III, spinal fluid and serum were examined to determine albumin
and IgG. From these values, the “local” IgG production was calculated according
to Delpech and Lichtblau [1] and Ganrot and Laurell [4] as described by Lamers
et al. [9].

Total spinal fluid IgG minus “local” IgG is called transudation IgG. Histocom-
patibility testing was done using 180 different sera from the 1977 Oxford Work-
shop [5].

Results
Total Spinal Fluid IgG

A correlation of the PR with spinal fluid parameters at I, II, and III was not found.
However, the percent reduction of the PR between I and October 1976 showed a
weak-positive correlation with total spinal fluid IgG at I (n=44; 0.05>P > .02;
r=0.29).

This indicates that as the total spinal fluid IgG at I is higher, the percentage de-
crease of PR by immunosuppressive treatment is higher.

Local and Transudation IgG in CSF

No correlation could be demonstrated between PR and absolute values of local and
transudation IgG. No correlation was found between PR and local or transudation
IgG at I, II, and III expressed as percentage of total IgG (n=18).

If in each patient local IgG at IT and III is expressed as a percentage of local IgG
at I, than a close correlation between the decrease of percentage at II and PR is
found (n=18; 0.05 > P >0.02; r=0.54; Table 1).

No PR correlation was found with local IgG at IIT and with transudation IgG at
II and III

This indicates that decrease in local IgG by immunosuppressive treatment is
higher, as the PR at the start of the treatment is higher.

Histocompatibility Typing

A correlation between DRy2 and PR was demonstrated. Not only did the DRy;-
positive group (n=235) show a higher progression rate than the DRy2-negative group
(n=20; Fig. 1; 0.05 >P >0.02), but also the number of homozygous DRy s-positive
patients with a PR above 10 is higher than the number of DRys-negative patients
(0.02 >P >0.01; Fig. 1).
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Table 1. Local IgG of CSF at I and III as a percentage of I

Patient CSF % % PR CSF total IgG in mg/1
number local IgG
in mg/1
atl at Il at II1 atl atIl at 111
53 110 40 30 18 123 66 47.5
56 30 53 79 57 79 57.5 60.3
57 29 0 0 29 46.5 375 137
58 924 30 43 38 149.3 46.0 73.0
59 574 62 61 12 85.2 60.6 66.9
60 25.4 59 56 8.5 53.9 33.0 372
61 81.4 35 36 2.5 134 71.5 65.0
62 314 71 86 32 58.1 49.7 46.6
63 13.6 113 91 33 46.8 315 319
64 112.2 69 56 16 181.0 127.0 111.8
65 65.6 84 76 4.5 90.5 75.7 74.9
66 16.9 154 151 4.0 68.1 53.7 67.3
67 13.2 136 165 13.5 60.8 46.8 58.0
68 71.3 86 64 7 135.5 159.6 1142
69 414 67 41 18.6 55.7 38.7 325
70 78.2 49 60 20.3 114.2 61.0 71.0
72 55.5 65 71 23 87.1 56.7 81.3
73 422 49 66 22 69.8 36.8 45.1
DRW, + DRW, —
* homozygote » homozygote
P.R o heterozygote o heterozygote
n=35 n=20
90
0.05 > P>0.025
80
*
70
*
60
50 | .
30 g 3 *
2 )
5 i
20 | s 8
*
’ o |
*on H
10 i . %
*
‘%o Ik Fig. 1. PR values for DR, ,-positive and DR,-nega-
0 d tive MS patients
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Local IgG and Histocompatibility Typing

As DR, typing is correlated with PR and PR with decrease in local IgG by immu-
nosuppression, the relation between local IgG at I and DR,, typing was studied in
35 patients (Fig. 2). Indeed, a tendency for local IgG to be higher in DRy2-positive
homozygous patients is present, with lower values for PR in DRy.-positive hetero-
zygous, and still lower values in DRy-negative patients. However, the differences
are not statistically significant.

Fig. 2. Local IgG values in spinal fluid of MS patients with
different DR,, typings

Summary and Conclusions

The decrease of progression rate by immunosuppressive treatment in MS patients
shows a positive correlation with total IgG content of the spinal fluid before treat-
ment.

The progression rate also shows a positive correlation with the decrease of local
IgG in CSF induced by immunosuppression. There is a tendency for the PR to be
high in DRye-positive and low in DRy,2-negative patients.

Thus progression rate, effect of immunosuppressive treatment, total and local
IgG content of CSF, and histocompatibility typing are in some complex way corre-
lated.

DRy is a lymphocyte-determined antigen that maps genetically to chromosome
6 close to the immune response locus. The DRy locus may be responsible for some
genetically determined disturbance of the immune response system. This then is
correlated with PR in our patients. A similar type of correlation was demonstrated
for patients with LD-7a [8]. The progression rate also shows a correlation with ef-
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fects of immunosuppressive treatment and with IgG fractions in the CSF, in such a
way that as the PR is higher, the sensitivity of the “local” IgG-producing system in
the CNS for immunosuppression is higher.

In our second paper in this volume it will be demonstrated that both IgG con-
tent and PR seem to correlate with effect of immunosuppressive treatment in the
long term.

Therefore some arguments are presented here which consider the local IgG con-
tent of the CSF as an indicator of the activity of the disease process, not in its abso-
lute value, but in its sensitivity to immunosuppression.

In this light, it would be of importance to study (in a larger group of patients)
the relation between DRy, typing and local IgG synthesis in the CSF. If such a rela-
tion can be found, it would connect the genetic markers for severity of MS with the
reactivity of the immune system in the CNS.
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Evaluation of IgG Synthesis
in the Central Nervous System

H. REIBER !

Summary

The cerebrospinal fluid (CSF)/serum concentration ratios of IgG (y) and albumin
() are used as measures to characterize increased IgG levels in CSF. From a group
of control patients (n = 334) the normal range of these ratios was evaluated. The
correlation coefficient (r = 0.71), the regression line (y = 0.43 x), and the confi-
dence interval of y for a given x (& 2s,, =  0.001) were calculated. The contribution
of the pathological fraction IgG(P) synthesized in the CNS to the total IgG in CSF
can be calculated with maximal significance using the following formula:

Alb (CSF)

1gG(P) = IgG(CSF) - (0.43 Y

+ 0.001) - IgG(S).

Introduction

The actual concentration of IgG in CSF is the sum of the IgG from serum which has
passed the blood-CSF barrier plus the amount of IgG that may be synthesized in
the CNS reduced by the amount continuously eliminated from the CSF. This path-
ological IgG elevation in CSF due to synthesis in CNS is of interest for the diagnosis
of inflammatory neurological diseases.

The protein concentration in CSF depends on age, sex, and volume of CSF ex-
tracted.

Ganrot and Laurell [3], Eickhoff and Heipertz [1], and Link and Tibbling [4]
have shown that the CSF/serum ratio of IgG and the CSF/serum ratio of albumin
together allow a more significant characterization of deviations from the normal
range than the absolute value in CSF or the alternatively used IgG/albumin ratio in
CSF. The dependence of the CSF/serum ratio of a protein on its effective molecular
volume has been described by Felgenhauer [2]. A first approach for a numerical
evaluation of local IgG synthesis is given in Tourtellotte et al. [5].

The aim of this study is to characterize the control group in the diagram of Gan-
rot and Laurell [3] using the regression line and the corresponding confidence inter-
val and to give a formula for the satisfactory calculation of the pathological CSF
fraction of IgG synthesized in the CNS.

Methods

IgG and albumin concentrations in CSF and serum were determined using a radial
immunodiffusion assay (Behring, Partigen plates). Statistical evaluation of the val-

1 Neurochemisches Labor der Neurologischen Klinik, D-3400 Géttingen/FRG
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ues for y = CSF/S ratio IgG and x = CSF/S ratio albumin was performed by a li-
near regression. The confidence range of y for a given x is determined as y + 2 5,,

with s,p = J(yi—yi)!/n—-2and y; =a + bx;.

Results

For CSF and serum samples of control patients (n=334) (cell number < 4 - 10%/],
IgG < 40 mg/], albumin < 340 mg/], total protein < 500 mg/1) the CSF/serum concen-
tration ratios of IgG (y) and albumin (x) were calculated. The regression line was
found to have the function y = 0.00014 + 0.41 x with a correlation coefficient of
r=0.71. The SD of the y values for a given x is s,, = 0.00049. This function together
with the confidence interval is shown in Figure 1.

For theoretical and statistical reasons it is plausible that the regression line goes
through the origin, meaning that y = y/X- x = 0.43 x is a better approach for the re-
gression line. This function is valid in the range x = 2s, (0.002 < x < 0.0074).

From Figure 1 the validity of the following equation becomes obvious:

IgG (CSF) IgG (P)

=T VTP o)

The data for y; = 0.43 x; and s,,  0.0005 are inserted into this equation. By a
rearrangement, one gets the final equation for the calculation of the pathological
fraction IgG(P), synthesized in CNS:

Alb (CSF)
IeG(P) = Ig¢G(CSF) - (0.43 —————~+0. .
gG(P) = IgG( ) ( Alb (5) OOOI) IgG(S).
y-103
Q
I 5T
' d
0 AT g
Py 19G(P) _
8 4r 19G(5) - _
o It -
El‘ r - }Zsyx
-~ 1
2t 7 ¥ n_ -~
x ///
L _ P
~ —~
/1 I /1/ 1 L 1 L L L
2 4 X 6 8 x-103

ALBUMIN CSF/S RATIO

Fig. 1. Calculation procedure for the pathological, locally synthesized IgG fraction in CSF:
IgG(P) = pathological contribution of CNS to IgG concentration; IgG(S) = total concentra-
tion of IgG in serum; y; = value of the regression line for a given x;; (y = 0.00014 + 0.41 x);
i, x; = values of patient i; ¥, X =mean values of the total population of control patients
(n = 334); sy, = SD of the y value for a given x
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Discussion

The equation given above for the IgG synthesis in CNS is derived from the observa-
tion that for a known albumin CSF/serum ratio, the SD of the normal IgG CSF/se-
rum ratio is smaller (s,, = 0.00049) than for the mean value of the total population
of values (s, = 0.00075). The formula given by Tourtellotte et al. [5] does not have
this advantage, as it refers to the mean values (%, y) instead of to a regression line.
This has the consequence of false-negative results for patients with a dense blood-
CSF barrier. Link and Tibbling [3] characterize the increased IgG by the quotient of
the two ratios (IgG CSF/serum and albumin CSF/serum). Using this method of
evaluation, the slope of the line between the origin and the data point y;, x; is used.
Above a slope of 0.43 (for the regression line) for the same slope, normal and in-
creased IgG values can hold. This has the consequence of a tendency toward false-
negative results for patients with a less dense (but nevertheless normal) blood-CSF
barrier.

Using the method given above, we describe the statistically most significant meth-
od of evaluation: For a measured albumin ratio which characterizes the individual
blood-CSF barrier condition of the patient, the maximal normal value of the IgG
ratio is calculated and compared with the measured value of the patient.

Above x = 0.0074, where additional blood-brain barrier dysfunction occurs, the
function of the regression line and the confidence interval are not yet established.
The meaning of IgG(P) is that of a steady-state concentration. It cannot give a direct
measure for the rate of IgG synthesis in CNS, since in this case, the rate of the IgG
elimination must also be known.
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CSF Lipids in Demyelinating Diseases
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Introduction

Compared to other organs, the central nervous system (CNS), in particular the
white matter, is rich in lipids, especially sphingolipids (approx. 35%) containing main-
ly long-chained fatty acids (C,,—C,). In sphingomyelin, the proportion of long-
chained fatty acids (FA) is approximately 65% [2].

In contrast, the total lipid content of cerebrospinal fluid (CSF) is low (approx.
10-20 mg/1), and compared with serum, only 1/300th the concentration.

The concentration of linoleic acid (C,,.,) in serum is approximately 25% of total
FA or 2.5-4.0pumol/ml. The concentration of linoleic acid in brain is much
lower (only 1% of total FA) and in CSF, 4% of total FA or 1.6 nmol/ml.

Large demyelinating plaques in MS are often located near the ventricles and
corresponding biochemical alterations of lipid metabolism and degradation lipids
may be transmitted to the surrounding CSF.

Research Aums

The research described here was directed toward several questions:

1. Is it possible to draw conclusions about the origin of CSF sphingomyelin from
its FA profile? Is the concentration of sphingomyelin with typical myelin FA pat-
tern increased in demyelinating diseases?

2. Is the concentration of linoleic acid in CSF increased with disturbance of
blood-brain-barrier (BBB) function, and, assuming its origin from serum, can CSF
linoleic acid consequently be used as a serum marker similar to albumin? In MS
there is often an overproportional CSF-IgG elevation related to CSF-albumin [1].
Can this overproportional CSF-IgG elevation also be demonstrated in relation to
CSF linoleic acid?

Results

Total lipid extracts from pooled CSF (control and MS) were separated by thin layer
chromatography (TLC) and the individual lipid classes quantitated by densitome-
try. Individual bands were scraped off the plate, eluted, and transmethylated and

I Neurologische Klinik und Poliklinik der Universitit Gottingen, 3400 Gottingen/FRG
2 Institut fir Neurologie der Universitit Hamburg, 2000 Hamburg/FRG
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Table 1. Fatty acid composition of total lipids and individual fractions from pooled control
CSF (in relative percent)

Fatty acid Total Neutral Lecithin Sphingo-
lipids lipids myelin
Chn
12:0 6.3 9.5 2.6 3.1
14:0 10.6 12.9 6.8 3.8
16:0 30.1 320 38.6 212
16:1 6.9 7.1 8.1 2.9
18:0 18.8 14.0 16.1 333
18 : 1 152 15.0 20.7 9.8
18 : 2 (linoleic) 3.8 3.0 6.7 1.9
18:3 25 3.1 tr. 0
20:0 0.2 0 0 0.8
22:0 1.3 0 0 7.9
20:4 2.6 34 04 0
24:0 1.0 0 0 8.1
24:1 0.7 0 0 72
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Fig. 1. Fatty acid composition of sphingomyelin from CSF, serum, lymphocytes, and cerebral
white matter

Fig. 2. Correlation between CSF linoleic acid and albumin in 12 control specimens

the FA composition analyzed using gas liquid chromatography (GLC). Serum and
lymphocyte preparations were treated in a similar manner.

The FA composition of total lipids and individual fractions from control CSF
can be seen in Table 1. A comparison of sphingomyelin FA profiles from CSF, se-
rum, lymphocytes, and cerebral white matter is shown in Figure 1.
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MS in acute exacerbation, commonly with pleocytosis, shows a slight increase of
CSF sphingomyelin [6] compared to CSF lecithin without alteration of the FA com-
position.

Figure 2 shows the close correlation (r) between CSF linoleic acid and albumin
in 12 control specimens of 1 ml each (» = 0.92) and in 10 MS specimens (r = 0.95),
although here linoleic acid concentration has almost doubled (1.6 = 0.8 nmol/ml in
controls to 3.9 + 3.7 nmol/ml in MS).

Similarly to the established Qg quotient:

IgG (mg/1) X 100

albumin (mg/l) (upper normal limit 20)

o =

a Qy, quotient was calculated according to the following formula:

IgG (mg/1)
linoleic acid (nMol/ml)
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In our control specimen, a Qg of 122+ 3.6 and a @y, of 18.2 + 4.9 was found. As
might be expected, these quotients were increased in MS (Fig. 3) as an expression of
the overproportional IgG increase in CSF, in relation to both albumin and linoleic
acid as serum markers.

Discussion

A cerebral origin of CSF sphingomyelin seems unlikely considering its FA composi-
tion (Fig. 1). Glycolipids only present in CSF in trace amounts have Ry values of
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glucocerebrosides which we also found in lymphocytes (approx. 8% of total lipids
there); their FA composition was not typical of myelin, with a predominance of C,,
and C; FA.

The small increase of sphingolipids in CSF with pleocytosis from acute MS indi-
cates a hematogenic origin of CSF sphingomyelin; decomposing cells are apparent-
ly the major source of CSF lipids. No correlation of CSF lipids to degradation lipids
found in demyelinating plaques in the vicinity of ventricles is possible, as has been
discussed in a previous report [4].

As previously reported [3, 5], CSF (normally low in linoleic acid content) shows
a significant increase of unsaturated FA (particularly linoleic acid). We could de-
monstrate that linoleic acid in CSF is closely correlated to CSF albumin and that
both function as serum markers. Also, in relation to CSF-IgG, both behave in an
identical manner so that Qg and Q, may demonstrate an overproportional CSF-
IgG concentration. One can assume that CSF linoleic acid content is dependent on
BBB function (as is CSF albumin); it seems unlikely that it could be derived from
the CNS (as has been postulated for CSF-IgG), because the concentration of lino-
leic acid in CN tissue is very low.
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Introduction

Four years ago we described a chemical test relating to a component of the central
nervous system (CNS) [3]. Our original aim was to provide a means for objective
evaluation of demyelinating activity in multiple sclerosis (MS). A specific protein of
myelin, the basic protein, was detected by radicimmunoassay in the cerebrospinal
fluid (CSF) of MS patients undergoing exacerbation. Moreover, the levels of myelin
basic protein (MBP) correlated with the clinical course of MS. In contrast, we could
not detect any MBP in spinal fluid from inactive MS patients or patients with non-
demyelinative neurologic disease. In this report, based on 500 additional samples
from patients with a wide variety of neurological diseases, we confirm the useful-
ness of this test in evaluating activity in MS. In addition, radioimmunoassay of MBP
in CSF may be a useful adjunct to the clinical assessment of other neurological
diseases in which myelin breaks down acutely. These include leukodystrophies,
severe anoxia, and the myelopathies and encephalopathies due to radiation therapy
or chemothérapy.

Materials and Methods

Patients

All patients except some of those with optic neuritis were from Johns Hopkins Hos-
pital. Approximately half of the optic neuritis spinal fluid samples came from Dr.
Shirley Wray of the Massachusetts General Hospital.

We have divided our patients into the following categories based on clinical
symptoms:

1. Classical MS — at least two attacks occurring in different parts of the nervous
system more than 1 month apart and not explainable based on other disease pro-
cesses. Age between 10 and 50 years. This category may be divided into several sub-
categories:

a) Active — within 1 week of the onset of new neurological symptoms.

b) Inactive (remission) — patients more than 2 weeks from the onset of any new
neurologic symptoms or change in existing symptoms.

1 Present address: Center for Brain Research, University of Rochester, Rochester, New York
14642/USA

2 Department of Neurology, The Johns Hopkins University, Baltimore, Maryland 21205/
USA
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c) Chronic MS —a progressive disease of more than 6 months duration affecting
more than one area of the CNS (this may occur in the absence or presence of pre-
vious exacerbations and remissions). For the purposes of this study, typical remit-
ting disease which has become progressive is included in this category.

2. Optic neuritis without evidence of other nervous system involvement.

3. Myelinopathy — diseases affecting myelin other than MS.

4. Nondemyelinating neurologic disease.

Assay of Cerebrospinal Fluid

All samples were obtained by lumbar puncture and stored at —10° C until the assay.
The spinal fluid basic protein appeared to be stable, as identical values for this pro-
tein were obtained on a sample before and after incubation for 1 week at room tem-
perature. However, because of the possibility of elevated protease activity in an oc-
casional sample, we suggest freezing the sample until the assay.

For the assay, 0.05 ml of a 10-fold concentrated assay buffer (2 M Tris-acetate,
pH 7.5, containing 10 mg of histone per ml) and antiserum at the appropriate con-
centration were added directly to 0.5 ml of spinal fluid. This mixture was incubated
for 1h at 37° C, 15,000 cpm of '*I-labeled basic protein (specific activity, 10-
20pCi/pg) were added, and the mixture was incubated for an additional 10-24 h at
4° C. The antibody-basic protein complex was then precipitated with cold ethanol,
the pellet and supernatant fraction were separated by centrifugation, and each was
assayed for radioactivity. The percentage of **°I basic protein bound (i.e., in the pel-
let) was then determined [2]. Results are reported as negative (<4 ng/ml), weakly
positive (4-8 ng/ml), or positive (> 9 ng/ml) [1].

These studies were done using two similar batches of basic protein antisera. Our
experience has demonstrated that not all antisera react equally well with the CSF
basic protein. However, in studies with different sera, elevated basic protein is con-
sistently found in CSF from patients with active demyelinating diseases.

Results

Samples have been assayed from 793 patients with known neurologic disease (Fig.
1). These include 165 samples from MS patients, 9 from patients with other active
demyelinating diseases, 597 from patients with nondemyelinating neurological dis-
eases, and 22 with optic neuritis.

Multiple Sclerosis Patients

Forty-eight of 58 MS patients in acute exacerbation had spinal fluid basic protein
levels greater than 8 ng; the remaining ten had levels between 4 and 8 ng/ml. The
lumbar punctures on these ten patients were obtained between 5 and 15 days after
the onset of the acute exacerbation. Thirty-four of 61 patients with the slowly pro-
gressive form of the disease had basic protein levels between 4 and 8 ng/ml. All but
two patients with inactive disease had levels below 4 ng/ml (Fig. 1). These two pa-
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Fig. 1. Presence of MBP in CSF. — Clear area = less than 4 ng/ml; stippled area = between 5
and 8 ng/ml; shaded area = more than 9 ng/ml of CSF. The nondemyelinating neurologic dis-
eases with no detectable CSF MBP included at least one sample from each of the following:
Arteriovenous malformation, seizures, neuroblastoma, arthrogryposis, temporal arteritis, cere-
bellar degeneration, microcephaly, peripheral neuropathy, presenile dementia, subacute scle-
rosing panencephalitis, stroke, subarachnoid meningitis, hydrocephalus, migraine, labyrinthi-
tis, Moya-Moya Syndrome, vascular headache, progressive supranuclear palsy, lacunar infarct,
Guillain-Barre, spastic paraplegia, pseudotumor cerebri, senile dementia, progressive multifo-
cal leukoencephalopathy, meningoencephalitis, sixth nerve palsy, fifth nerve palsy, trigeminal
anesthesia, vasculitis, post anoxic encephalopathy, third nerve sarcoid, progressive spastic pa-
raparesis, progressive external ophthalmoplegia, striatonigral degeneration, cervical degenera-
tive arthritis and radiculopathy, polymyositis, trauma, motor neuron disease, Meniere’s dis-
ease, vertebral basilar ischemia, herpes simplex encephalomyelitis, and neurosyphilis. The
non-MS patients with positive CSF basic protein are listed in Table 1

tients were recovering from acute exacerbations that occurred 14-21 days prior to
the lumbar puncture. In addition, five of the patients in this group presented the
first clinical evidence of MS and their CSF revealed elevated MBP. These patients
all had second acute attacks, confirming the diagnosis of MS.

Serial samples were obtained from patients before, during, and after attacks
(Fig. 2). The CSF basic protein levels rose and fell with the exacerbation. Those
with significant cerebrospinal basic protein 10-14 days after exacerbation still dem-
onstrated some progression of their disease (Fig. 2, patients D. W. and E. C.), while
those whose basic protein had returned to normal levels were recovering from the
exacerbation (Fig. 2, patients R. W. and R. Q.). Thus, as the patient improved, the
CSF MBP returned to normal levels. Those patients who went from acute attacks to
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Fig. 2. Relationship of MBP to clinical
course of MS. Each symbol represents
the clinical status of the patient at the
time of lumbar puncture: O attack; {7}
incomplete remission; O progression;
> remission. The number in each sym-
bol is the CSF MBP value in ng/ml

slow progression usually showed low but significant levels of spinal fluid basic pro-
tein months after the attack (Fig. 2, patients S. C., B. S., G. P., and M. M.) Thus, of
the slowly progressive group of patients, those with spinal fluid MBP (approximate-
ly half) are frequently the ones with exacerbations superimposed on their chronic

progression.

Of 22 patients with optic neuritis, nine have had basic protein in the CSF. All
these patients are being observed to determine the outcome of this first attack. One
of these patients has subsequently developed MS (Fig. 2, patient R. V.).



Diagnostic Value of Myelin Basic Protein in Cerebrospinal Fluid 165

Other Diseases of Myelin

The category of “myelinopathies” included patients with transverse myelitis, meta-
chromatic leukodystrophy, central pontine myelinolysis, adrenal leukodystrophy, an
undescribed hereditary leukodystrophy, methotrexate myelopathy, and Pelizacus-
Merzbacher Disease. These also had elevated CSF basic protein (Table 1). Two ad-
ditional patients with Pelizacus-Merzbacher Disease had no detectable CSF basic
protein.

The patient with methotrexate myelopathy received a bone marrow transplant,
whole body irradiation, and prolonged treatment with intrathecal methotrexate. He
began to show photophobia, and 2 weeks later developed a transverse myelitis. The
patient died 2 weeks after this and the spinal cord pathology revealed severe diffuse
microvacuolization of the long tracts of the spinal cord. During this time he also had
elevated spinal fluid basic protein. We are currently completing a study in conjunc-
tion with the Pediatric Oncology Branch of the National Cancer Institute on pa-
tients who have received intrathecal injections of methotrexate. Out of 100 patients,
four had clinically detectable encephalopathies and these four also had elevated spi-
nal fluid MBP.

Controls

All but six of the 597 controls had less than 4 ng of basic protein per ml of CSF.
These six patients are listed in Table 1. They include two severe strokes on the sur-

Table 1. Levels of CSF MBP in patients without MS

Basic protein

(ng/ml)
Neurologic disease — nondemyelinative
Lateral medullary infarction 60
Cerebellar infarction 56
Wernicke’s disease 18
Anoxic encephalopathy 8
Microglioma 8
Encephalitis 13
Myelinopathies other than MS
Leukodystrophies
Hereditary leukodystrophy 23
Metachromatic leukodystrophy 12
Adrenal leukodystrophy, pt. 1 8
Adrenal leukodystrophy, pt. 2 10
Pelizacus-Merzbacher, pt. 1 8
Pelizacus-Merzbacher, pt. 2 8
Other demyelinating disorders
Transverse myelitis and systemic lupus erythematosus 100
Central pontine myelinolysis 50

Methotrexate myelopathy 17
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face of the brain, Wernicke’s Disease, a microglioma, encephalitis, and severe an-
oxia following surgery. With respect to this last patient, it is interesting that Kohl-
schutter [5] has recently reported the application of the basic protein radioimmuno-
assay to the CSF from children. He found that 8 of 41 CSF samples were positive
for MBP. These eight samples were from six children with severe hypoxia and one
case of encephalitis with cardiac arrest. In five of six cases the brain damage led to
death. Thus, this test may be useful in assessing brain tissue destruction in patients
experiencing hypoxia.

Discussion

These studies indicate that MBP or fragments thereof are released into the CSF as
part of the myelin breakdown process, thus confirming and extending our previous-
ly reported results [3]. MBP is present not only in the spinal fluid of patients with ac-
tive MS, but also in patients with other active demyelinating conditions such as me-
tachromatic leukodystrophy and central pontine myelinolysis. The few positive tests
in other neurologic conditions clearly indicate that myelin breakdown products may
also be released into the CSF as a result of damage by different processes such as
hypoxia and necrosis due to radiation or chemotherapy.

Similar results have been obtained in the laboratories of Whitaker [7] and Trot-
ter et al. [6] on patients undergoing acute demyelinative episodes, while Kohlschut-
ter [5] has used a CSF basic protein assay to assess brain tissue destruction in hypo-
xic children. Carson et al. [1] have recently reported the presence of a large compo-
nent (mol. wt., 50,000 daltons) in the CSF of patients with MS that cross-reacts with
antibody to MBP.

In a given pathological condition in which myelin breaks down, several factors
may determine how much MBP will be released, and whether it will appear in the
lumbar CSF. These include (1) location of myelin breakdown and direction of CSF
flow, and (2) the nature of the pathological process.

The location of myelin breakdown is important, as material released from su-
perficial lesions has good access to CSF pathways. Thus the predilection of MS pla-
ques for the periventricular white matter and the superficial white matter of the
brain stem and spinal cord would be likely to result in the release of substantial
amounts of basic protein into the CSF. Much of this MBP would then appear in the
lumbar CSF.

The nature of the pathological process may also determine the properties of the
basic protein that appears in CSF during an attack of MS. The CSF basic protein
may be present as intact protein or peptide fragments. It may be whole myelin, or
myelin fragments or cells with ingested myelin. Alternatively, this CSF basic protein
may be in a lipid, protein, or nucleic acid complex. For example, the finding of pep-
tide fragments in the CSF would suggest extracellular enzymatic degradation as the
mechanism of demyelination, whereas the presence of whole myelin would indicate
that the entire sheath was being removed by cellular attack. In the experimental de-
myelinating disease, Allergic Encephalomyelitis, which is clearly autoimmune, the
basic protein released into the spinal fluid is bound to its antibody [4]. The presence
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of antibody-bound basic protein has not been demonstrated in MS, although very
low levels of antibody may be present. We are continuing our investigation of the
properties of this CSF basic protein in MS.

It is important to distinguish between a test that is diagnostic and one that mea-
sures activity of the disease. CSF MBP levels rise and fall with the exacerbations
and remissions that are typical of MS. This is consistently observed, although in in-
dividual patients there are considerable variations in the amount of spinal fluid ba-
sic protein at the height of the attack, probably reflecting the amount of tissue un-
dergoing demyelination. In patients with inactive disease, no CSF basic protein is
found, and thus the radioimmunoassay for MBP should not be regarded as a defini-
tive diagnostic test for MS. However, it is clearly a useful indicator of active myelin
degradation and as such, when used in conjunction with the clinical data, is a very
useful adjunct in the diagnosis and management of MS. Currently, the test is being
used in a prospective fashion to assess the efficacy of steroid treatment. We antici-
pate that the test will be used in a similar fashion as newer methods of MS therapy
become available.

There are other situations in which the physician wishes to know if a patient is
experiencing an acute demyelinating process. Thus, in the case of leukodystrophies,
anoxia, and encephalopathy or myelopathy due to cancer, radiation, or chemothe-
rapy, the presence of MBP in the CSF may be an indicator that myelin breakdown
is actually occurring.

As our knowledge of neurochemistry increases, one can visualize specific tests
for each of the cellular components of the nervous system. Using immunochemical
methods, it may eventually be possible to identify in the CSF breakdown products
of highly specific cell types and transmitter systems.
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Myelin Basic Protein in Cerebrospinal Fluid as an
Indicator of MS Process Activity
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The concentration of myelin basic protein (MBP) was measured using a radioimmu-
noassay [2] in unconcentrated frozen CSF from MS and other patients. Here 800 pl
of CSF were sufficient for duplicate analysis. The clinical diagnoses and the results
of the measurements were kept coded throughout the study. The diagnoses were
classified as active MS (acute exacerbations and chronic progressive forms), inactive

Table 1. Myelin basic protein (MBP) in 86 CSF specimens

Diagnosis Numbers of CSF specimens

MBP positive ~ Questionable ~ Negative

>4 ng/ml
MS, active 16 2 4
MS, inactive 0 2 15
MS, activity uncertain 2 2 1
Possible MS 2 3 6
Other diseases 7 4 20

Fig. 1. IgG concentration and MBP con-
tent of 42 CSF samples from MS patients.
Samples are grouped as MBP negative,
questionable, and positive. Symbols repre-
sent process activity as indicated

Departments of Neurology 2 and Pediatrics !, University of Gottingen, D-3400 Goéttingen/FRG
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MS, possible MS, and other diseases. The CSF samples were classified according to
their MBP content as positive (> 4 ng/ml), questionable (1-3 ng/ml), or negative.

The results (Table 1) show that out of 22 samples from patients with active MS,
16 were MBP positive, while out of 17 samples from inactive cases, none was posi-
tive and 15 were clearly negative. In the group of 31 other diseases there were seven
positive samples. These included three cases of cerebrovascular accidents, one of
them having the highest MBP concentration of the series (88 ng/ml). The other po-
sitive samples were from patients with syringomyelia, acute hydrocephalus, Behget’s
disease, and an ill-defined myelopathy. In samples from MS patients there was no
correlation between the concentrations of MBP and IgG (Fig. 1). The same was true
for MBP and cell count.

These results suggest, as have other studies [1, 3, 4], that the testing of CSF is not
diagnostic for MS but that it is a useful index of process activity in MS, particularly
since the procedure has been simplified remarkably.
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Central and Peripheral Myelin Basic Protein in
Cerebrospinal Fluid of Multiple Sclerosis and Other
Neurological Disorders
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Introduction

Myelin contains two different basic proteins, the central myelin basic protein (MBP)
(= Al) and the peripheral basic protein (= P2). The central MBP is present in the
central nervous system (CNS) as well as in nerves, whereas peripheral basic protein
is only present in the myelin sheet from nerves. Cohen et al. [3] have shown that in
cerebrospinal fluid (CSF) from patients with demyelinating neurological disorders
the level of central MBP is significantly increased. Patients with multiple sclerosis
(MS) in acute exacerbation had high levels of this basic protein, whereas its concen-
tration was low in remission. These results have been confirmed by others [6, 7].

Up until today nothing has been known about the level of peripheral MBP in
spinal fluid. Therefore we have recently developed a radioimmunoassay for the de-
termination of this protein. In this report we describe the results of investigations in
which the level of both MBPs has been measured in spinal fluid from patients with
neurological disorders.

Experimental Procedure

Peripheral MBP was isolated from bovine intradural roots. At first, basic proteins
were extracted from roots at pH 3 as described by Deibler et al. [5]. From this ex-
tract, peripheral basic protein (purity > 95%) was isolated by column chromatogra-
phy according to Brostoff et al. [2]. Iodinated peripheral MBP was prepared using
the ***J-labeled reagent of Bolton and Hunter [1]. Experiments to iodinate the pro-
tein by chloramine-T oxidation were unsuccessful. The labeled protein was separat-
ed from the reagent and purified by chromatography on a Sephadex G-100 column.
Antibodies against this protein were prepared in rabbits. Six animals were injected
sc with 1 mg of antigen emulsified in complete Freund’s adjuvant (CFA) and absorb-
ed by AlLO,. Five booster injections were given at 1-2 month intervals. None of
the animals showed clinical signs of an experimental allergic neuritis.

Spinal fluid samples were stored until assay at —30° C. The radioimmunoassay of
both MBPs was performed basically as described by Day and Pitts [4]. Their proce-
dure was based upon the precipitation of the antigen-antibody complex in 1.27 M
Na,SO,, and our main variation was that we used Tris buffer (pH 7.2) to dissolve
antigens and antibodies instead of phosphate-buffered saline.

1 Institut fir Medizinische Strahlenkunde der Universitit Wiirzburg, 8700 Wirzburg/FRG
2 Neurologische Klinik der Universitat Wiirzburg, 8700 Wiirzburg/FRG
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Results and Discussion

Figure 1 gives typical dose-response curves of the radioimmunoassays for central
and peripheral MBP. The Al assays were performed using 0.1 and 1 ml spinal fluid,
respectively, to enlarge the range of the assay. From 2 to 100 ng of A1 protein could
be measured per ml of spinal fluid. In the case of peripheral MBP (P2), no more
than 0.1 ml spinal fluid was applied and from 5 to 50 ng basic protein could be de-
termined per ml

Central and peripheral MBP differ in their amino acid composition, sequence,
and conformation. In radioimmunoassays we could not detect a significant cross-re-
action between these two antigens (Fig. 2).

Table 1 lists the liquor data from 10 patients with MS. The number of cases was
too small to divide them into different groups according to clinical symptoms; how-

Fig. 1. Dose-response curves of the radioim-
munoassay for central and peripheral MBP

Fig. 2. Cross-reaction between central
(Al) and peripheral (P2) MBP
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Table 1. Central (A1) and peripheral (P2) basic protein in CSF of patients with MS

Age Total protein ~ Alb Basic protein  (ng/ml)  Leuco/ml X 10~°
(a) (mg/100 ml) IgG
Al P2

20 47 - 150 n.d. 40/3
34 24 59 10.3 11.0 24/3
15 20 - 72 n.d. 21/3
39 50 22 7.0 6.2 28/3
45 33 0.7 6.5 n.d. 19/3
4] 24 - 44 n.d. 8/3
45 36 - 4.0 n.d. 29/3
39 31 29 34 n.d. 8/3
37 42 1.3 33 n.d. 32/3
50 38 1.5 1.2 n.d. 9/3

n. d.=not detectable

Table 2. Central (A1) and peripheral (P2) basic protein in CSF of patients without MS

Disorder Total protein Alb Basic protein (ng/ml) Leuco/
(mg/100 ml) IgG mlx 103
Al P2

Basic proteins > 6 ng/ml

Encephalitis 60 1.9 130 n. d. 111/3
after 20 days 60 1.5 5 - 42/3
Chron. Meningitis 52 6.0 66 13 35/3
after 28 days 59 6.8 15 - 73/3
Meningo-radiculit. 97 2.7 10 13 280/3
Meningo-radiculit. 56 5.0 9 12 250/3
Brain stem Infarct. 35 9.6 13 6 10/3
Intracran. tumor 80 - 8 - 56/3
Lymphoma Meningiosis 135 2.7 9 n. d. 108/3
Neurosyphilis 36 35 7 13 72/3

Basic proteins <6 ng/ml

Meningo-encephalitis (2), Virus meningitis (2), Tbc meningitis (2), Polyneuropathy (4), Polyra-
diculitis (1), Guillain-Barré (1), Intracranial tumor (4), Controls (13)

Number of patients in brackets
n. d. = not detectable

ever, these data indicate that in most cases with elevation of the level of central
MBP (> 4 ng), no peripheral basic protein was detectable in spinal fluid. Table 2 gi-
ves the data from patients with other neurological disorders. In general, the level of
each basic protein in CSF was less than 6 ng/ml. In seven cases the Al level was
higher than 6 ng/ml. It is remarkable that in most of these cases the level of P2 was
also elevated. The presence of P2 in CSF indicates that in these disorders intradural
peripheral nerves are affected.
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In the beginning, the first two patients in Table 2 showed an extremely high
level of Alin CSF. In both cases the A1 levels decreases rapidly as is already known
from the investigation of Cohen et al. [3].

The radioimmunological determination of both MBPs in CSF may be suitable

for a more precise biochemical localization of the neurological disorders related to
MS.

References

1. Bolton AE, Hunter WM (1973) The labelling of proteins to high specific radioactivities by
conjugation to a '**J-containing acylating agent. Application to the radioimmunoassay. Bio-
chem J 133:529-539

2. Brostoff S, Burnett P, Lampert P, Eylar EH (1972) Isolation and characterization of a pro-
tein from sciatic nerve myelin responsible for experimental allergic neuritis. Nature New
Biol 235:210-212

3. Cohen SR, Herndon RM, McKhann GM (1976) Radioimmunoassay of myelin basic pro-
tein in spinal fluid. An index of active demyelination. N Engl J Med 295:1455-1457

4. Day ED, Pitts OM (1974) Radioimmunoassay of myelin basic protein in sodium sulfate. Im-
munochemistry 11:651-659

5. Deibler GE, Martenson RE, Kies MW (1972) Large scale preparation of myelin basic pro-
tein from central nervous tissue of several mammalian species. Prep Biochem 2:139-165

6. Hempel K, Schmid G, Brors W (1978, to be published) Basisches Protein und Antikérper
bei Multipler Sklerose und bei Polyradiculitis. In: Mertens G, Dommas D, Mertens G (eds)
Pathologie der Liquorrdume. Thieme, Stuttgart

7. Whitaker J (1977) Myelin encephalitogenic protein fragments in cerebrospinal fluid of per-
sons with multiple slcerosis. Neurology (Minneap) 27:911-920



The Activity of a Cholesterol Ester Hydrolase
in Human Cerebrospinal Fluid

H. REeIBER and W. VOss !

The cerebrospinal fluid (CSF) of patients afflicted with various neurological dis-
eases was analyzed for its myelin-specific cholesterol ester hydrolase (EC 3.1.1.13,
cholesteryl-oleate = cholestereol + oleic acid) [1]. In a recently published study
the activity of the microsomal species of the cholesterol ester hydrolase was measur-
ed in CSF. In this investigation the myelin-specific species could not be determin-
ed, since the detergent employed was unsuitable. We therefore used the method of
Igarashi and Suzuki for the enzyme assay.

Taurocholate, phosphatidylserine, and 4-**C-cholesteryl oleate were suspended
in phosphate buffer, pH 7.2, by ultrasonication. Five-hundred pl of this suspension
together with 100 pl of concentrated (5-10-fold) CSF were incubated at 37° C for
2 h. "C-cholesterol liberated by the enzymatic reaction was determined using the
digitonin precipitation procedure. Blank tubes contained a heat-inactivated enzyme
source. Lack of protein in the blank tubes increases the blank values. CSF samples
(1-2 ml) were concentrated in centriflo-cones (Amicon, CF 25) for 10 min at 3000 g
at4° C.

In characterizing the enzyme, the measured activity depends on the amount of
total protein in a nonlinear sigmoidal function. For a limited range, a linearization
may be acceptable.

Regarding the stability of the enzyme, if fresh, centrifuged CSF was stored at
room temperature, the specific activity of the enzyme decreased about 1% per hour.
In each freeze-thawing process, its activity was decreased by about 15-20%.

Regarding the enzyme’s solubility in CSF, 100% of the enzymatic activity is re-
covered in the supernatant after centrifugation for 1 h at 120,000 g.

The enzyme has several clinical aspects. Control CSF from 80 patients (normal
protein levels, normal cell number, and normal immunglobulin fractions) had a
cholesterol ester hydrolase activity of 4 nmol/mg protein/h. This is 1-2% of the ma-
ximal specific activity of the solubilized 300-500-fold purified enzyme preparation
of Igarashi and Suzuki [2], or 10-50% of the activity in isolated myelin fractions (rat
or ox, respectively).

Serum contains no detectable amount of the enzyme. As a consequence, blood-
brain barrier dysfunction should not influence the amount of enzyme per volume
CSF (80 pmol/100 ul CSF/h for 80 controls).

Due to these facts, it is of interest to study enzyme activity in the CSF of patients
with various neurological diseases, especially with respect to demyelinating pro-
cesses. First results with clinical relevance were reported recently [4].

I Neurochemisches Labor der Neurologischen Klinik and Max-Planck-Institut fiir experi-
mentelle Medizin, 3400 Gottingen/FRG
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Clinical Relevance of the Determination of IgM
in the Cerebrospinal Fluid with Special Reference
to Multiple Sclerosis Patients

C. SINpIC, C. L. CAMBIASO, P. L. MassoN, and E. C. LATERRE !

The determination of plasma proteins in cerebrospinal fluid (CSF) enables us to as-
sess the filtration process through the blood-brain barrier. Their increase generally
indicates the existence of an inflammatory reaction in neurological tissues. Particu-
lar attention has been paid to IgG because of its possible local origin, and its deter-
mination is now fairly common. On a theoretical basis, the determination of IgM in
CSF should be more useful than that of IgG. Because IgM is less liable to gain ac-
cess to CSF by mere transudation on account of its large molecular size, an increase
in IgM concentration should be a better index of the local immune response.
Moreover, IgM should become detectable at earlier stages of the immune process,
as it is generally the first antibody to be produced. However, in practive, the deter-
mination of IgM in CSF is not easy, as it requires very sensitive methods.

We report here the preliminary results of a study on the clinical relevance of
IgM determination in the CSF of patients with various neurological disorders. IgM
was determined by a novel method called the Particle Counting Immunoassay
(PACIA). The basic principle of this immunoassay is the agglutination of antibody-
coated particles (latex) by the antigen to be determined. This agglutination is mea-
sured by counting the residual, nonagglutinated particles using a device designed to
count blood cells.

Materials and Methods

The PACIA system has been automated using a Technicon AutoAnalyzer with a
special sampler and an AutoCounter (Technicon Instruments Corporation, Tarry-
town, N. Y.). The height of the recorded peaks is directly proportional to the num-
ber of free particles.

Calibrated polystyrene particles 0.8 1 in diameter, a gift from Rhone-Poulenc
(Courbevoie, France), were coated with antibody as described by Cambiaso et al.
[1]. Briefly, IgG purified from goat anti-IgM antiserum was adsorbed on particles by
simple mixing of the reagents.

Standard curves were obtained by making serial dilutions of a standard serum
from Technicon. Samples of CSF had been stored frozen in the presence of sodium
azide (0.1%). For the immunoassay, it was generally necessary to dilute the samples
by a factor of at least four with 0.1 M glycine-HCI buffer, pH 9.2, containing 0.17 M

1 Unit of Experimental Medicine, International Institute of Cellular and Molecular Pa-
thology, Laboratory of Neurochemistry, University of Louvain, 75, avenue Hippo-
crate, B-1200 Brussels/Belgium
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Na(l, 0.1% bovine serum albumin, and 50 mM EDTA. To increase sensitivity, a so-
lution of polyethylene glycol was added to the incubating tube until it reached a fi-
nal concentration of 1.33%.

Patients

We considered four groups of patients:

1. Ten with non-neurological disorders (minor neurosis, or uveitis without neurolo-
gical signs).

2. Seventy-three with various neurological disorders but normal CSF, i.e., a protein
level below 40 mg/%, a number of cells below or equal to 5 per mm?, and normal
appearance in agar gel electrophoresis.

3. Forty-two with clinically definite multiple sclerosis (MS).

4. Eighteen with viral or bacterial (including tuberculous) meningoencephalitis.

Results and Discussion

In the group of ten patients with non-neurological disorders (Fig. 1), the level of
IgM in the CSF ranged from 30 to 400 ng/ml with a normal logarithmic distribution
and a median value of 117 ng/ml. Adding two SDs, the upper normal limit was set
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Fig. 1. Levels of CSF IgM in the four groups of patients
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Table 1. Correlation between the occurrence of oligoclonal bands and
IgM concentration in the CSF of patients with MS

Concentration of IgM Oligoclonal bands in CSF
in CSF (u.g/ml)

Present Absent Total
More than 0.54 wg/ml 28 1 29
Less than 0.54 ug/ml 14 10 24
Total 42 11 53

x*=9.37; 0.005 > P >>0.001

at 540 ng/ml. Of the 73 patients with neurological disorders and normal CSF, 12
had abnormally high levels of CSF IgM. The level of IgM in the 42 patients with cli-
nically definite MS exceeded the normal upper limit in 28 cases (66%), whereas in
meningoencephalitis, all patients except for one gave abnormal IgM values.

To distinguish between passive transfer of IgM or local biosynthesis, we have

IgM (pg/ml) - -

m 10 ),rthe latter
being determined by immunonephelometry (Fig. 2). In the group of non-neurologi-
cal disorders, the ratio ranged from 0.16 to 2.86 (median: 0.73; median plus 2 SD:
3.9). In the group with neurological disorders and normal CSF, nine patients had a
ratio exceeding 3.9 : two of these had peripheral neuropathies of unknown etiology,
one had possible MS and normal agar gel electrophoresis, one had arteritis of the

studied the ratio between the levels of IgM and albumin (



Clinical Relevance of the Determination of IgM in the Cerebrospinal Fluid 179

central nervous system (CNS) of unknown etiology, one had idiopathic megaence-
phaly and a mental deficit, one had sciatica and three could not be definitely diag-
nosed.

In the group of clinically definite MS, 50% had an abnormally high ratio compa-
tible with local production of IgM, whereas 16% had a normal ratio, despite an ab-
normally high concentration of IgM. In the meningoencephalitis group, high ratios
were observed in most cases (14/18).

No correlation was found between the levels of IgM and IgG (determined by
immunonephelometry) in the CSF of clinically definite MS (» = 0.006). However, a
highly significant correlation was found between the presence of oligoclonal bands
and a high concentration of IgM (Table 1).

The association of oligoclonal bands with high levels of IgM is reminiscent of
what is seen in reconstitution experiments [2]. The immunoglobulin pattern in the
sera of children with severe combined immunodeficiency is characterized, in the
days following transplantation with bone marrow, by the appearance of homoge-
neous immunoglobulins and predominant IgM concentration [3].

Finally, when the number of cells in CSF of patients with definite MS was above
10/mm?, the level of IgM always exceeded the upper normal limit. However, abnor-
mally high values of IgM were also detected in patients with normal cell counts.

Our results, by confirming and extending those of Schuller et al. [4] and Willi-
ams et al. [5], suggest that the IgM concentration in CSF might be a useful index of
immunological disorders affecting the CNS.
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Discussion

Dr. Nagai: I would like to comment on the radioimmunoassay technique: you know
that labeling of the protein with iodine sometimes produces loss of EAE-inducing
activity. The molecular conformation is important, and in some cases this may be
changed by iodination. Secondly, if you use rabbits for immunization, they some-
times produce a very different kind of antibody. With some antibodies, there is a va-
riety in recognizing the basic protein. Thirdly, you know that some fragments in MS
and EAE basic protein may be degraded in various ways. Maybe a different kind of
fragment of MBP will be produced and some antibody can actually recognize such a
fragment but another serum cannot recognize it. So it depends on the MBP frag-
ments produced.

Dr. McKhann: I'd like to comment on Dr. Nagai’s statement, because he is ab-
solutely right. It is possible to make antiserum to basic protein in other species that
will not react with human CSF. Despite the fact that with purified basic protein
there appear to be various degrees of cross-reactivity, I don’t know the actual expla-
nation for that, except for this observed phenomenon. The second question you raise
about the state of basic protein in spinal fluid is of interest because Dr. Peter Brown
in Canada, using an antibody, has foud not only basic protein but some higher mo-
lecular weight protein which may be a dimer of basic protein in spinal fluid. So the-
re is a possibility, and one hypothesis may be that after an acute attack, one
might first get the release of free basic protein and then basic protein complexed in
fragments. And one could determine that one might have some method of actually
age dating what was going on. But this is speculation as to what one first has to fig-
ure out and what’s in there.

Dr. Nagai: In my case, with tritium-labeled BP, it is much more safe compared
with the iodine level. Such a tritium label using the borohydride-formaldehyde meth-
od yields very good (EAE) active labeled basic protein. In the future we will have
to use the first fractionation of basic protein obtained by some means, for example,
by disc electrophoresis or by other means. And then perform the test on the fraction-
ed, basic protein fragment by the radioimmune assay.

Dr. Salk: 1 don’t know whether I have missed Dr. McKhann’s earlier remarks.
Did you mention how you made the antibody that you used in your radioimmune
assay? Because that’s the all critical factor.

Dr. McKhann: 1 didn’t mention it in this particular talk. But the studies have
been reported here. The antibody is made in a rabbit and the source of the basic
protein was calf. So it’s a rabbit antibody to calf basic protein. Subsequently we
have used other basic protein as the source of antigen. That has not given us trou-
ble. What has given us trouble is going to different species for the source of the anti-
body. We went to the goat, thinking we would have a large animal with a continu-
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ing source of antibody. And a goat antibody does not react with human CSF at the
time that the rabbit antibody does.

Dr. McKhann: Let me make one comment. People have asked us on occasion
because it comes up to whether or not we should be able to consider this as a rela-
tively routine assay. I think that Dr. Nagai’s comment is very appropriate in this re-
gard. Our feeling at the present time is that the answer is no, that there are still too
many technical problems with this system to think that you can go out and make any
old antibody to any old form of basic protein and expect it to work. So I would
caution people about that.

Question: 1 should like to ask Dr. McKhann about his controls. Did you try to
make some match of controls regarding the activity of the disease? I think that the ac-
tivity of MS has been related today to some immunological activity in CSF and even
in peripheral blood. Nobody did the controls and measured them for activity of the dis-
ease, only the next to last speaker, made a comment on it. That in cerebrovascular
accidents, in the active phase, you get higher results and I think you should make
the controls about activity of disease.

Dr. McKhann: We have not looked at that in a systematic fashion. But being in
an acute hospital I would guess that we have close to 100 patients in this group with
cerebrovascular accidents, most of whom would be there within ten days after their
cerebrovascular accident. Only three of those have been positive. All of them had
cerebrovascular accidents in the posterior fossa. I don’t have data specially correlat-
ing with disease activity in the controls, but I think, that this is a good point.

Comment: We’ve got results that it’s accurately related to the acitivity of the dis-
ease. There have even been results with the two basic proteins in head injury, re-
lated to the severity of head injury.

Dr. Clausen: 1 have a question to Dr. McKhann concerning basic protein. We
have found four years ago that the basic protein precipitates with the f-lipoprotein
of serum. It makes a very sticky complex. And that may be the explanation that you
do not find the basic protein in serum. Because if it is liberated from the brain it
may immediately be complexed to the beta-lipoprotein.

Dr. McKhann: 1 think that may be correct. Originally we thought that it was
coming down with the clot, so we moved to plasma. But plasma didn’t solve that
problem. So I would say, there is either a very rapid turnover, which actually has
been studied, and it is rapid in primates, or there is complexing to something and
thus it is not available.



Nucleic and Viral Antibodies in Serum and CSF
of MS Patients

E. SCHULLER !, P. LEBON 2, B. ALLINQUANT !, N. MOREAU 2, J. REBOUL !,
and G. DELOCHE !

Two years ago, we described [6] a new method of counter-immunoelectrophoresis
which allows the determination of DNA and RNA [7] antibodies in serum and un-
concentrated CSF. This type of IgG antibody is found in normal serum but in path-
ological CSF only.

A preceding work [8] showed a very probable correlation between oligoclonal
aspect, local synthesis of viral (measles and rubella) antibodies (VAB), and local
synthesis of nucleic antibodies (NAB) in some MS CSF.

Material and Methods

We present here results obtained in 101 MS, 12 subacute sclerosing panencephalitis
(SSPE), and 30 control cases (other neurological diseases). For each patient, serum
and CSF were investigated (1) using electrophoresis on cellulose acetate after stan-
dardized concentration [2]; (2) by electroimmunodiffusion for IgA, IgM, IgG, C3,
C4, and CRP, as previously described [3, 4, 5]; (3) DNA and RNA antibodies were
determined by counter-immunoelectrophoresis and expressed in absolute value (se-
rological dilution) and percentage [6], while CSF patterns were analyzed following
our classification into five types [8]; and (4) measles and rubella antibodies were de-
termined using hemaglutination inhibition.

Clinical data (sex, age of the patient, duration of the disease, clinical stage, type
of course, and disability grade using Kurtzke’s scale) were collected for each patient
after careful analysis of the criteria for MS diagnosis.

Results

Table 1 shows the increase of NAB in 58 sera and their abnormal presence in 31
CSF of MS patients without apparent correlation. In SSPE, NAB were increased in
serum and present in CSF in all but one patient, in contrast to their rare variations
in controls. The presence of NAB and VAB was analyzed according to CSF patterns
(Tables 2, 3). They are clearly linked to a local synthesis of IgG (inflammatory and
meningitis patterns only for NAB and even “normal” pattern for VAB) in MS and

1 Laboratoire de Neuro-immunologie (INSERM U-134) Hopital de la Salpétriere, F-75013
Paris/France

2 Unité de Recherche sur les Infections Virales INSERM U-43) Hopital Saint Vincent de
Paul, F-75014 Paris/France
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Table 1. NAB in serum and CSF

183

NAB % in serum NAB in CSF
MS (101) SSPE (12) Controls (30)
Absence Presence Absence Presence Absence Presence
(70) €20 (1) (1 (20 ©)

Normal 31 12 0 2 16 5

Increased 39 19 1 9 5 4

Table 2. NAB and CSF immunological patterns

CSF patterns (143) MS (101) SSPE (12) Controls (30)
Absence Presence Absence Presence Absence Presence
(70) (3D () (1 2n )

Normal (34) 26 - - - 8 -

Inflammatory (69) 34 21 1 4

Non inflammatory 6 - - 9 3

transudate (19)

Inflammatory - - - 1 - 2

transudate (3)

Meningitis (18) 4 10 - 1 - 3

Table 3. VAB and CSF immunological patterns

CSF patterns (143) MS (101) SSPE (12) Controls (30)
Absence Presence Absence Presence Absence Presence
49) (52) ©) (12) (19) (1

Normal (34) 19 7 - - 8 -

Inflammatory (69) 24 31 - 9 3

Non inflammatory 3 3 - 6 6

transudate (19)

Inflammatory - - - 1 1 1

transudate (3)

Meningitis (18) 3 11 - 1 2 1

SSPE patients. On the contrary, a transudation is generally present in controls with
NAB and/or VAB in their CSF.

To analyze the eventual relations between NAB and VAB in the CSF of MS pa-
tients, we divided our MS population into three groups: the first without NAB and
VAB (n = 42), the second with VAB only (n = 28), and the third with both (n = 31).
Significant differences appear between the frequencies of CSF patterns in the three
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Table 4. CSF immunological patterns in the three MS groups (n=101)

E. Schuller et al.

CSF patterns Group I: Group II: Group III:
Absence of AB VAB only VAB and NAB
in CSF in CSF in CSF
(n=42) (n=28) (n=31)

Normal (26) 19® 72 -t

Inflammatory (55) 19 15 21

Non inflammatory 3 3 -

transudate (6)

Meningitis (14) 1° 3 10°

* P<0.05

® P<0.01

Table 5. CSF lymphocytes in the three MS groups (n=90)

Group I: Group II: Group III:
Absence of AB VAB only VAB and NAB
in CSF in CSF in CSF
(n=38) (n=24) (n=28)

Lymphocyte 2.7+£26* 43149 69+7.0*

mean (by mm?®)

* P<0.05

Table 6. Oligoclonal aspect in the three MS groups (2=99)

O.A Group I: Group II: Group HI:
Absence of AB VAB only VAB and NAB
in CSF in CSF in CSF
(n=41) (n=28) (n=30)

Absent (42) 23 11 8

Present (57) 182 17 22®

*x*=6.30 (P<0.05)

Table 7. CSF immunoglobulins in the three MS groups

CSF Group I: Group II: Group III:

immunoglobulins Absence of AB VAB only VAB and NAB
in CSF in CSF in CSF
(n=42) (n=28) (n=31)

IgA (mg/1) 2.8+ 20 32+ 20 58+ 9.0

IgG (mg/1) 58 +28°® 90 +101* 151 £75*

IgM (mg/1) 04+ 10° 06+ 15° 20+ 34°

2 P<0.05 between Il and I, IIT and I1
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Table 8. CSF IgM in the three MS groups (n=101) *

CSF IgM Group I: Group II: Group III:
Absence of AB VAB only VAB and NAB
in CSF in CSF in CSF
(n=42) (n=28) (n=31)

Absence (76) 35 23 18

Presence (25) 7 5 13

¢ P<0.02 between I and 11 (x*=5.73) P<0.05 between Il and III (x2=4.02)

Table 9. CSF NAB and VAB in 101 MS patients®

Viral antibodies Nucleic antibodies

Absence  Presence

(70) @30
Absence (49) 42 7
Presence (52) 28 24

* x2=12.04 (P<0.001)

Table 10. Serum immunoglobulins and CRP in the three MS groups

Proteins Group I: Group II: Group III:
Absence of AB VAB only VAB and NAB
in CSF in CSF in CSF
(n=42) (n=28) (n=31)

IgA (mg/1) 1974+ 835° 2069+ 816 2346+ 643°

IgG (mg/1) 13228+2754° 13374+3 196 * 15348+£2995°

IgM (mg/1) 8831+ 333 836+ 247 1036+ 289

Absence (44) 17 15 12

CRP (59)

Presence (15) 102 2 3

* Significant for P <0.05

groups (Table 4). A clear predominance of normal pattern is seen in the first (con-
trasting with its absence in the third) and, conversely, obvious prevalence of menin-
gitis pattern in the third. Some other significant correlations may be observ-
ed in CSF: a lymphocytic pleiocytosis in the third group, contrasting with normal
mean in the first (Table 5); highest frequency of oligoclonal aspect in the third
(73%), which is relatively rare in the first (Table 6); important increase of IgG in the
third, with significant differences between the second and the first, with IgG mean
only slightly elevated in this last (Table 7); and frequent presence of IgM in the
third (42%), which is significantly higher than in the two other groups (17%) (Table
8). As previously proposed, an obvious correlation is found between simultaneous
presence or absence of NAB and VAB (Table 9).
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Table 11. Serum NAB and VAB in the three groups (serological dilution and percentage)

Antibodies * Group I: Group II: Group III:
Absence of AB VAB only VAB and NAB
in CSF in CSF in CSF
(n=42) (n=28) (n=31)

NAB

DNA 109 + 26°¢ 12 £ 21° 148 + 44°¢
4.1+ 08)° 44 09 48+ 0.8)°

RNA 204 + 46° 220 + 43 248 + 80°
79+ 19 (88 2.3) 8.1+ 22)

VAB

Measles 46 + 31° 180 +142 135 +100°
04+ 03) 15+ 13) 09+ 0.7)

Rubella 88 +114° 179 +131° 125 + 87
0.8+ 1.3) (14 L1 08+ 0.6)

* For each antibody, the first line gives the reciprocal of serological dilution: the percentage is
indicated in parenthesis

* P<0.05

¢ P<0.01

Table 12. Sex differences in the three MS groups *

Sex Group I: Group II: Group III:
Absence of AB VAB only VAB and NAB
in CSF in CSF in CSF
(n=42) (n=28) (n=31)

Men 22 11 8

Women 20 17 23

2 P<0.05 between I and IIT (x* 5.20); T and T1+1II (x*: 4.14); I+ 11 and III (x* 4.05)

Other interesting facts may be observed in the serum. IgA and IgG means are sig-
nificantly elevated in the third group (Table 10) in comparison with the first, and
unexpectedly, there is a frequent (and abnormal) presence of CRP in the blood of
patients of the first group, contrary to others. Moreover, a significant increase of
DNA antibodies (in absolute value and percentage) is found in the third group, con-
trasting with rather normal values in the other groups (Table 11). Measles and ru-
bella antibodies were increased in groups II and III, in contrast to normal values in
group L

Clinical data show no differences between the three groups (especially with re-
gard to the age of the patients, duration of the disease, clinical stage, and type of
course), with an interesting exception concerning sex repartition (Table 12). A clear
prevalence of women exists in the third group, contrasting with the slight dominance
of men in the first, and a classical repartition (60% of women and 40% of men) in the
second group. The mean disability grade is clearly the same in the three groups, and
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Table 13. Disability grade and course according to the three MS groups

Course Group I: Group II: Group II:
Absence of AB VAB only VAB and NAB
in CSF in CSF in CSF
(n=42) (n=28) (n=31)

Intermittent (50) 26£16° 27+18* 224+14°

Progressive (51) 44+18° 50£1.0° 53+22°

* P<0.05.SD in each group between intermittent and progressive course
> P<0.01

is not influenced by sex, age of the patient, or duration of the disease, but only by
the type of course (Table 13), as demonstrated previously by Fog and Linnemann

[1].

Conclusion

Different hypothesis may be discussed based on the clinical, immunological, and vi-
rological data (Table 14). These three MS populations may represent three succes-
sive steps in the same disease. However, this hypothesis seems very mmprobable re-
garding the same duration of the disease and the same disability grade in the three
groups. Another hypothesis suggests three events during the same disease, with an
alternation between a silent phase (type I), a viral (type II), or viral and autoim-
mune reactions (type III). Two other hypothesis may also be proposed:

1. The possibility that there is a unique agent involved in three different immu-
nogenetically determined processes in connection with the sex differences observed.
Type I may be supported by an immunological defect, type II may be correlated
with a pure viral process, and type III may be conditioned by an immunological hy-

Table 14. CSF, NAB and VAB in 101 MS patients: Summary of the data

Group I: Group II: Group III:
Absence of AB VAB only VAB and NAB
in CSF in CSF in CSF
(n=42) (n=28) (n=31)
Sex Men: 52% Men: 40% Men: 26%
Women: 48% Women: 60% Women: 74%
Viral immunity Normal Increased in Increased in
reaction serum and pres- serum and pres-
ent in CSF ent in CSF
Nucleic immunity Normal Normal Increased in
reaction serum and pres-
ent in CSF
Blood-CRP Frequent Rare Rare
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perreactivity (autoimmunity after viral persistance) as observed in SLE and in fe-
male NZB mice, which develop much more IgG anti-DNA than do males [9].

2. There may be an eventuality of different agents for the same disease, with im-
munosuppressing action in the first type and immunostimulating effect in the third.
Obviously, the choice of an efficient therapy depends on a confirmed hypothesis.
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CSF Proteinase Inhibitors

M. L. CUZNER!

Introduction

Reports of myelin basic protein (MBP) fragments [2,11] and raised proteolytic ac-
tivity [8] in the cerebrospinal fluid (CSF) of multiple sclerosis (MS) patients in
exacerbation are indicative of inflammatory demyelination. Basic protein is highly
susceptible to digestion by the neutral proteinases of polymorphonuclear leucocytes
(PMNL) and macrophages [1, 5]. During inflammation the major serum proteinase
inhibitors, 2-macroglobulin (2M) and al-antitrypsin (a1AT) are associated with
increased activity of proteolytic enzymes [9]. The CSF, which is an ultrafiltrate of se-
rum and is in intimate contact with the brain, particularly with certain areas of my-
elin, contains measurable amounts of these two proteins. In order to assess the regu-
lation of proteolysis by the CSF, we have measured the levels of @2M and 1 AT and
assayed the trypsin-binding and proteolytic inhibitory capacity of the CSF in a va-
riety of neurological conditions.

Methods

Proteolytic enzyme activity was measured by previously described methods [48].
CSF levels of a2M, al AT and transferrin were determined using the rocket electro-
phoresis technique of Laurell [7]. The methods adapted to measure trypsin-binding
and total proteolytic inhibitory capacity are outlined in Figures 1 and 2.

0.5 ml CSF + 0.05 ml trypsin (1 mg/ml) + 0.1 ml Tris-HCI buffer (1 M, pH 8.2)
l S min, 37° C

+ 0.05 ml soya bean trypsin inhibitor (2 mg/ml)
+ Low molecular weight substrate
0.05 ml N-CBZ-glycyl-glycyl-L-arginine
f-naphthylamide-HCl (4 mg/ml in DMSO)

} 15 min, 37° C

+ Colour reagent
0.5 ml Fast Garnet (0.2 mM in 4% BRIJ 35)
+ 0.25 ml Acetic acid (60% w/v)

Fig. 1. Proteolytic inhibition by a2-macroglobulin [9]

1 Department of Neurochemistry, Institute of Neurology, University of London, 33 John’s
Mews, London WCIN 2NS/England
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CSF or serum + 1 X 10° PMN cells (enzyme source) + 0.25 ml haemoglobin (4% w/v)
+ 0.167 M Tris-HCl buffer (pH 7.6), total assay volume - 0.75 ml

60 min, 37° C

+ 1.25ml TCA

Centrifuge

Assay of Folin-positive, TCA-soluble products

Fig. 2. Total proteolytic inhibitory capacity

Results

CSF Proteolytic Activity

The neutral proteinase activity of CSF polymorphonuclear cells differed little from
that of circulating cells (Table 1), but acid proteinase activity was reduced. This re-
sult reflects secretion of acid hydrolases by activated phagocytic cells. Significant
proteolysis of haemoglobin at both neutral and acid pH was demonstrated in CSF
supernatant, in contrast to serum. However, marked digestion of basic protein by
CSF supernatant occurs only at acid pH.

CSF Proteins

The mean values of a2M, alAT and transferrin in CSF of four groups of patients
are shown in Table 2. Except in cases of meningitis, total protein values are similar.
Levels of the individual three proteins measured appear to be lower in MS than in
most other conditions; however, only the results for 1 AT and transferrin differ sig-
nificantly. When the samples are considered as simply MS or non-MS (omitting the
meningitis group) the percentages by which a2M, «1AT and transferrin are depres-

Table 1. CSF proteolytic activity

Neutral proteinase Acid proteinase

Haemoglobin® Basic protein®  Haemoglobin* Basic protein ®

PMN cells

Blood 0.27 4.2 0.035 0
CSF 0.13 6.0 0.004 0
CSF

supernatant 0.07 + 0.05 40

Proteolytic enzyme substrates:
* Haemoglobin; cells (nmol tyrosine/10° cells/h); CSF supernatant (umol tyrosine/ml/h)
b Basic protein; cells (ug BP lost/ 10° cells/h); CSF subernatant (ug BP lost/ml/h)
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Table 2. CSF proteins (mg/100 ml)
Total IgG a,-Macro-  a,-anti- Transferrin
protein globulin trypsin ¢
Multiple sclerosis 42 6.8 0.42 1.46 1.57
(n=31)
Non-infectious 38 3.7¢ 0.47 2.13% 2.11¢
neurological disease
(n=41)"
Encephalitis 46 5.1 0.46 1.89 222
(n=3)
Meningitis 101® =2 8.00° 496*
(n=3)

* Significantly different from MS group (£ <0.05)
® BIH, MND, discs, tumours, spondylosis
¢ Serum level, MS and neurological controls =212

Fig. 3. CSF-alpha l-antitrypsin (mg/100 ml) in patients with MS, other neurological diseases

and normal controls
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Table 3. Proteolytic inhibition by CSF a2-macroglobulin and « 1-antitrypsin

Trypsin bound Binding Vol (ul) to produce
toa2M efficiency 50% inhibition of
(ng/0.5 ml CSF) N. P. activity of
1x10°PMNL ®
Multiple sclerosis 420 1.75 191¢
(n=16) (n=10)
Non-infectious 567 1.72 165
neurological disease (n=15) (n=28)
Encephalitis 825 2.11 -
(n=2)
Meningitis 660 0.39 -
(n=2)

2 Volume to produce 50% inhibition by MS and non-MS serum =0.81
® Essentially an assay of a 1 AT activity

sed in MS are 20%, 36% and 31%, respectively. Even when the neurological controls
are separated according to specific diagnostic criteria, the mean CSF value of a1 AT
in MS is lower, with the exception of one group of inadequately diagnosed patients
(Fig. 3). Serum levels of al AT were also measured and no significant differences
were noted between normal controls, neurological controls and MS patients.

Proteinase Inhibitors

The activity of @2M in CSF can be measured by a trypsin-binding assay [6], as pro-
teinases are bound to the inhibitor in a catalytically active form. However, a1AT is
responsible for 90% of serum proteolytic inhibitory capacity and binds enzyme at
the active site. Thus the activity of a1 AT can be estimated by measuring the residual
activity of serine proteinase after the enzyme has been incubated with a dilution of
serum or CSF. The activity of @2M and «1AT in the CSF in the four categories of
neurological disease is shown in Table 3. The inhibition of proteolytic activity by
CSF of patients with MS, particularly those in the remission group, was lower than
in all other groups, although these results did not reach statistical significance. The
reduced activity appears to be a direct result of the decreased level of «2M and
a1AT in the CSF in MS, as the binding efficiency of the inhibitors was the same as
that of the neurological controls. The binding efficiency of 1 AT in CSF was com-
parable to that of a standard pooled serum while the efficiency of 2M binding was
increased.

Discussion

Proteolytic activity is increased and fragments of MBP appear in the CSF of MS pa-
tients at the time of an exacerbation of the disease [2, 8, 11]. Acid proteinase ac-
counts for the greater part of the intrinsic proteolytic activity of the CSF and al-
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though increased at the time of a relapse, is an unlikely candidate for the digestion of
basic protein in the CSF, the pH of which is slightly alkaline. Acid hydrolases, pro-
duced locally in the white matter by astrocyte lysosomes, might account for the ap-
pearance in the CSF of the protein fragments, but there is also evidence of proteoly-
sis of basic protein at physiological pH by macrophages and PMNL [1, 5]. Further-
more, the neutral proteinase of the cellular fraction of CSF is raised in acute MS [8].

The potent inhibitors of neutral proteinases, ®2M and «1AT, present in serum,
are also found in CSF, at a 200-fold dilution and in different proportions, due to se-
lective filtration of smaller protein molecules [10]. The binding efficiency of a2M
and «lAT to proteinases is similar in CSF and serum (Table 3) and we have found
that the PMNL of a CSF sample with a count of 3000 cells per mm® had negligible
neutral proteinase activity in the presence of the CSF supernatant (P. Price and M.
L. Cuzner, unpublished observation). In acute inflammation, a1AT and «2M escape
into the tissue and serum levels of a1 AT, an acute phase protein, rise, as a result of
increased synthesis in the liver [3].

In the synovial fluid of rheumatoid joints, ®2M accumulates in substantial
amounts, both free and complexed with proteinases [9]. Elevated levels of these two
proteins in the CSF during the acute phase of MS would be supportive evidence of
an inflammatory reaction. But we have observed the opposite result. When com-
pared to a wide range of neurological controls, the CSF levels of a2M, alAT as well
as that of transferrin, were found to be lower in MS patients, whether in relapse or
remission. The statistically significant reduction in the amount of a1AT, which, in
serum, is responsible for 90% of the trypsin binding, was accompanied by a reduc-
tion in proteolytic inhibitory capacity.

There are two possible explanations for these results. The immunological evi-
dence of raised CSF IgG concentration is suggestive of ongoing infection. If this is
the case, the reduced levels of ] AT may result from steady consumption by locally
released proteinases. Once formed, enzyme-inhibitor complexes are removed by re-
ticuloendothelial cells. But the evidence, as follows, points more strongly to an alter-
ation in the transport rate across the blood-brain barrier: (1) The CSF level of trans-
ferrin, which is not a proteinase inhibitor, is also significantly lower in MS, but se-
rum levels of @2M, a1 AT and transferrin in all patient groups were the same as those
of normal controls. (2) Total protein in CSF is not increased in MS but the per-
centage of IgG increases from 9.5 to 16%. If the local production of IgG is not ac-
companied by the vascular permeability characteristic of the inflammatory reaction,
as for example in meningitis, the increased concentration of IgG may reduce the
transport rate of other proteins, in this case, ®2M, a1 AT and transferrin, from serum
to CSF.
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Abstract

Using a complement consumption test and a thrombocyte aggregation test, the oc-
currence of circulating immune complexes was investigated in serum samples from
53 patients with multiple sclerosis (MS). The results were correlated to the concen-
tration of complement factors Clg, C4, C3, C5, and C9, total hemolytic complement
activity in serum, and the presence of activation products of C4 and C3 in plasma.

A good correlation was found between the two tests for circulating immune
complexes, which were detected in approximately 40% of the cases. The occurrence
of immune complexes was well correlated to activation of the complement system
via the classical pathway, estimated by presence of activation products of both C4
and C3. Fifty percent of the patients without detectable circulating immune comple-
xes demonstrated a significantly lower concentration of serum C3 than did the rest
of the patients. The presence of CIC seemed to be related to the clinical course of
the disease.

Introduction

Although the precise pathogenetic mechanisms in MS remain unclear, it is now
established that immunological factors are involved [3, 8]. Futhermore, circumstan-
tial evidence of the presence of circulating immune complexes (CIC) [2, 7], and the
demonstration of immunoglobulin G and complement component Clq in brain pla-
ques [10], suggests a decisive role for immune complexes in the pathogenesis of this
disease.

In the present investigation of 53 patients with MS, the presence of CIC has
been substantiated by the determination of complement components and investiga-
tions of in vivo activation of the complement system.

Materials and Methods

Fresh frozen (- 80° C) serum and EDTA plasma samples were obtained from 53
patients with typical MS. No patients had signs of intercurrent infectious disease.

1 Copenhagen Hvidovre Hospital, Dept. 443, Blood Bank and Copenhagen Kommune Hos-
pital, Dept. of Neurology, Copenhagen/Denmark

2 Present address: Regional Blood Transfusion Center, P. O. Box 561, DK-9100 Aalborg/
Denmark
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Flow diagram of CCT and CH50 estimation procedure

Fig. 1. Flow diagram and recordings of the CCT and CH 50 estimation procedures. Pumpline
sizes are shown as flow rate in ml/min

The topography of the neurological lesions was defined according to Fog (personal
communication).

CIC Detection

Two tests were used: (1) The thrombocyte aggregation test (TAT) [6], and (2) the
complement consumption test (CCT), performed as a semiautomated method in a
continuous flow system (Technicon Inc.) (Fig. 1), using a 3.4% suspension of sheep
red blood cells (SRBC) optimally sensitized with rabbit hemolytic serum. The opti-
mal lysis of SRBC in this system was achieved after 28 min of incubation at 38° C,
according to methods previously described [9]. Barbital-buffered saline (BBS), con-
taining .005 M magnesium and calcium, was used for the dilution and washing proce-
dures. Heat-inactivated serum (56° C, 60 min) was diluted 1:6, 1:10, 1: 18, and
1:34 and incubated with one CH 90 unit of guinea pig complement (Institut
Pasteur) for 30 min at 37° C just before analysis. The reduction in degree of hemo-
lysis in samples containing the various serum dilutions (curves 2, 3, 4, and 5) was ex-
pressed as a percentage of a control containing BBS instead of serum dilution (curve
1, Fig. 1).

Complement Analysis

Quantitation of serum complement components Clq, C4, C3, C5, and C9 was per-
formed using a electroimmunoassay [5], using pooled serum from 100 healthy
group-A blood donors as standards. The values were expressed as percentages of
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the standards. Complement conversion products (split products) of C4 and C3 were
identified in EDTA plasma [1], using conversed C4 and C3 from normal serum as
controls. Monospecific antisera against Clq, C4, and C3 (Dako, Copenhagen) and
C5 and C9 (Behringwerke AG, Marburg an der Lahn) were employed in the elec-
trophoretic procedures.

The total hemolytic complement activity of serum was determined in the con-
tinuous flow system described above. Eight serum dilutions (1 :41, 1:61, 1: 81,
1:101, 1:121, 1: 134, 1: 151, and 1: 167) were analyzed immediately after thaw-
ing. The recordings are shown in Figure 1 (curves 6—13). The CH 50 value was de-
termined [4] and expressed as a percentage of the pooled standard.

The reference values for complement components and CH 50 were chosen as
the mean & 1.96 SD of the results from each of the 100 sera in the standard pool.

Calculations for Presence of CIC

The CCT was registered as positive if inhibition of hemolysis in every serum dilu-
tion was greater than the inhibition in the corresponding dilutions of any of the do-
nor sera collected for the pooled standard previously mentioned. The upper normal
range corresponded with heat aggregated IgG (63° C, 60 min) in a concentration of
5pg/ml

The TAT was registered as positive if thrombocyte aggregation appeared in se-
rum dilutions greater than 1 : 8.

Results

Presence of CIC with simultaneous activation in vivo of complement was found in
22 patients (41.5%) (Fig. 2). In three cases, positive CCT or positive TAT were dis-

Y ) ccT
[ W ) AT
BN | C,.C3 split products

B Positive test O Negative test Fig. 2. Occurrence of positive tests for CIC
Occurrence of positive test results in 53 patients with M.S. in 53 patients with MS

Clq  C4 c3 cs €9  CHS0
%
150
140 -]
130
120
10
100 4— -
90
80
70
60
50

I Normal range B CIC present O CIC absent Fig. 3. Complement levels in serum from
Complement levels in serum from 53 patients with M.S. 53 patients with MS
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closed without detectable complement activation. Signs of complement activation
were noted in four patients without positive CCT or TAT. Split products of C4 or
C3 always appeared simultaneously. The results of the complement components
and the CH 50 estimations nearly showed normal values, as is shown in Figure 3.
Notable deviations were found only in the C3 estimations, where levels below the
reference value were registered in 15 of 31 patients (48%) without CIC. Only one
patient with CIC demonstrated low C3. The total frequency of low C3 was 30%.

Discussion

In vivo, most immune complexes are probably able to activate the complement sys-
tem, particularly via the classical pathway. Based on this hypothesis, and employing
a sensitive CCT and TAT, we have firmly established the occurrence of CIC in 22
sera (41.5%) from 53 patients with MS. Previously, the Raji-cell assay, which is at
least partly complement dependent, has disclosed CIC in 49% of a patient group [7].
Only a small deviation between the two studies was noted. This discrepancy might
easily be explained by differences in the sensitivity of the tests. Another possible rea-
son might be presence of non-complement-binding CIC in the sera, but only two
patients in our study revealed a positive TAT without signs of complement activa-
tion.

Four patients with negative TAT and CCT revealed signs of complement activa-
tion. These patients had no further common characteristics. In our study, 16 patients
(30%) had significantly low C3 levels. This is in accordance with the 31.8% found by
Trouillas and Beutel [8], who further suggested a genetic background for this fea-
ture. Surprisingly, 15 of the 16 patients with low C3 levels in our study belonged to
the group without CIC.

The significance of these results remains to be shown. Neither the results of Ta-
chovsky et al. [7] nor our own have proved a strict correlation between the presence
of CIC and the clinical status of the patients. Our results, however, indicate a slight
correlation between the clinically estimated topography of the plaques and the sero-
logical findings, as shown in Table 1.

Table 1. Topography of attacks and occurrence of CIC

CIC present  CIC absent

Brain-stem cerebellar 7 0
Pyramidal spinal 10 15
Disseminated 5 8
Dyscoordinative hemiphlegic cerebral 0 8

22 (41.5%) 31
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Introduction

During recent years, circulating immune complexes have been described in an in-
creasing number of diseases [21]. In some chronic inflammatory disorders, evidence
for immune complex-induced tissue damage has been convincingly documented
[22]. In other disease states, e.g., in malignant tumors, the presence of immune com-
plexes may simply indicate prolonged antigenic stimulation without direct relation
to tissue lesions [13].

In multiple sclerosis (MS), circulating immune complexes were first described
by Tachovsky et al. [17], and more recently by two other groups [7, 8] using three
different methods. A decrease of complement components in the sera of MS patients
during the acute phases of their disease has been noted by Kuwert et al. [9, 10]. These
authors also described decreased complement component levels in cerebrospinal
fluid (CSF) in MS [10], thus indicating possible consumption of complement in the
process of an immunologically induced central nervous system (CNS) tissue lesions.
Evidence for the presence of immune complexes in CSF in MS has not been present-
ed to-date.

Materials and Methods

Patients, Sera, and Cerebrospinal Fluid Samples

Altogether, 123 MS patients were studied. The diagnosis of MS was established by
U. P. and P. H. according to clinical and laboratory criteria using a standardized doc-
umentation scheme [11]. Blood samples, drawn from all patients regardless of dis-
ease activity or type of treatment, were allowed to clot at room temperature for 2
hours; they were immediately tested or kept frozen at —70° C. CSF samples were ob-
tained at the time of the patient’s first hospital admission, or during an exacerbation
period when re-evaluation of the clinical status was found necessary. They were tested
immediately or frozen at ~70° C.

IgG and albumin concentrations were measured by radial immunodiffusion
using Tri-Partigen and LC-Partigen plates (Behring-Werke AG, Marburg/Lahn,

1 Division of Clinical Immunology and Blood Transfusion, Department of Medicine, Medical
School, 3000 Hannover-61/FRG
2 Department of Neurology, Medical School, 3000 Hannover-61/FRG
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Germany). Evidence for local IgG production in the CNS was sought by calculating
the CSF-IgG index as described by Delpech and Lichtblau [5], namely,

(CSF IgG x 10°)/(Serum IgG)
(CSF albumin X 10%)/(serum albumin)

=CSF IgG index.

Immune Complex (IC) Determination

Immune complexes were assayed using the Clq binding test (Clq BT) as described
by Zubler and Lambert [20]. A pool of 100 normal sera, frozen at =70° C and giving
consistently negative results in the Clq BT, was used as a control. CSF samples
were mixed with 1 vol of frozen normal serum negative in the C1q BT to obtain the
appropriate protein concentration for PEG precipitation. In control experiments
using heat-aggregated IgG as an IC model, the addition of 1 vol of Clq BT-negative
frozen normal serum was shown not to influence Clq binding save for the dilution
effect.

Since in our experience, the standardization of the C1q BT using heat-aggregat-
ed IgG showed considerable batch-to-batch variation, a simple normalization pro-
cedure based on the percent binding values of normal control and patients’ sera and
CSF samples was employed. In each test series, 3-4 normal Clq BT-negative sera
were included as negative controls. By dividing the percent binding values of the
patient’s serum or CSF sample by the arithmetical mean percent binding of the
negative controls and multiplying the obtained values by ten, an estimate of the
amount of IC based on a comparison with the normal controls was obtained and ex-
pressed as “IC units” (ICU):

patient’s sample (% binding)

— 5 : 10=number of ICU.
X normal controls (% binding) X nu f

The normal range (¥ 2 sp) for healthy control sera (n = 118) was calculated as
10.1 £ 1.6 ICU. ICU values above 11.7 were considered as evidence for the pres-
ence of IC in patients’ sera or CSF. By comparison, heat-aggregated IgG at a con-
centration of 1 mg/ml gave a mean value of 23.3 ICU by this procedure (n= 30).
Statistical analysis was done using student’s ¢-test for unclassified samples.

Results

As shown in Figure 1, IC were detected in 26 of 98 MS patient’s sera (= 26.53%).
Only 3 out of 118 healthy control sera showed marginally positive IC values. Posi-
tive results were also obtained in 6/42 sera from patients with miscellaneous neuro-
logical disorders. Among the latter, the highest value (17.1 ICU) was found in the
serum of one patient with systemic lupus erythematodes and CNS involvement. Oth-
er negative controls included encephalitis and myasthenia cases. Results obtained
with CSF samples are depicted in Figure 2. Since normal control CSF was not avail-
able, the group of normal sera from Figure 1 served as a control. As mentioned in
the methods section, CSF samples were diluted with 1 vol of normal serum. Im-
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Fig. 1. Results of Clq binding tests in sera of MS patients, compared to a normal group and a
group of miscellaneous neurological diseases

Fig. 2. Results of Clq binding tests in CSF of MS patients, compared with a control group of
patients with miscellaneous neurological diseases. The normal control group consists of 118
normal sera (see Methods section). Note the presence of immune complexes in CSF of two pa-
tients with systemic lupus erythematosus and CNS
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Table 1. The relationship between CSF-IgG and the presence
or absence of CSF immune complexes in MS patients (n= 30,

all with a MS bout)

Clq test positive negative
n 14 16
CSF-IgG mg/100 ml 7.69+4.49 4.55+2.61

2P>09°®

¢ Difference not significant

Table 2. The relationship between CSF-IgG index and the
presence or absence of CSF immune complexes in MS patients
(n=30, all with a MS bout)

Clq test positive negative

n 14 16

CSF-IgG index 1.07+0.93 0.76 £0.41
2P>09¢

* Difference not significant

Table 3. The relationship between CSF cell count and the pre-
sence or absence of CSF IC in MS patients (n=30, all with a

MS bout)

Clq test positive negative

n 14 16

x/3 cells/mm3 39.9£525 14.8+18.0

0.01>2 P>0.005

mune complexes were detected in 15 out of 32 CSF samples from MS patients, i.e.,
in 46.9%. Within the control group of 64 CSF samples from patients with miscellane-
ous neurological disorders, six (= 9.4%) showed positive C1q binding. Again two pa-
tients with CNS-SLE gave positive results. In four other control CSF, a relationship
between the clinical diagnosis and Clq binding of the CSF sample was not appar-
ent.

The relationship between the presence of IC in CSF and several characteristic
features of CSF in MS was also investigated. Although CSF samples with IC con-
tained more IgG then those negative for IC, the difference was not statistically signif-
icant due to the marked variation in individual values (Table 1). Similarly, although
the mean CSF-IgG index in the IC-positive group indicated intracerebral IgG syn-
thesis (CSF-IgG index > 0.85 according to Delpech and Lichtblau [5]), whereas this
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index was distinctly lower in the IC-negative group, the difference again did not
reach statistical significance (Table 2). The group of patients with positive evidence
for CSF-IC displayed a significantly higher cell count if compared to the IC-nega-
tive group (P <0.01) (Table 3).

Finally, in a limited number of cases, serum and CSF samples were tested si-
multaneously (Table 4). Whereas concordant results were obtained in 5/14 cases,
discordant ones were seen in the remaining nine cases. If conclusions can be drawn
from this limited investigation, it may be noted that CSF-IC values were more often

Table 4. Simultaneous immune complex determinations
in 14 MS patients

n CSF Serum

2 positive positive
7 positive negative
2 negative positive
3 negative negative

positive during exacerbation periods (all CSF samples were obtained during clinical
bouts) than serum IC determinations. No certain correlations were found between
the presence of serum or CSF IC and duration or severity of the clinical MS picture.
The only indication of a possible relation between the clinical status of the patients
and IC in the serum was obtained from a total of 88 patients whose complete clini-
cal data were available from the data bank: Out of 26 patients with serum IC, 17
(=65.4%) had had a clinical exacerbation within the last three months, whereas
among the 62 IC-negative patients, only 18 (= 34.4%) had experienced a similar
bout.

Discussion

MS is a chronic demyelinating disease with a presumed allergic etiology. Antibodies
reacting with myelin protein but also with other non-myelin CNS structures, and
displaying demyelinating activity in tissue culture, have been found by several
groups [1, 2, 6, 12, 15, 18, 19]. Complement-dependent neuroelectric blocking activi-
ty of MS serum IgG has also been noted [14, 15]. Other groups have described cellu-
lar hypersensitivity reactions leading to the in vitro release of lymphokines in the
presence of myelin basic protein (MBP) [16]. However, the precise role of these im-
munologic features in the pathogenesis of the MS tissue lesion is still not proven
[15]. Goust et al. [7], describing the decrease of a particular lymphoid subpopulation
in MS together with the presence of serum IC, interpreted these results as possible
evidence for a defect in the regulation of the immune response in these patients, lead-
ing to a prolonged chronic course of the disease.

IC have so far only been described in MS serum [7, 8, 17], with no certain rela-
tion to the clinical status. We have confirmed these results and have demonstrated



Immune Complexes in Cerebrospinal Fluid and Serum of Patients with Multiple Sclerosis 205

the presence of IC in CSF in one-half of MS patients during an acute bout of their dis-
ease (Figs. 1, 2). Whereas no relation to CSF IgG levels could be observed, we
found a significant correlation to the number of CSF cells. Clear-cut evidence for a
relationship to disease activity has so far not been observed; the increased CSF in-
dex in IC-positive CSF samples as well as the fact that IC were detected more often
in patients with recent exacerbations of their disease would support the notion that
humoral immune reactions may be directly involved in the pathogenesis of demyeli-
nization. Tavolato’s demonstration of IgG and complement deposits in brain areas
adjacent to MS plaques can also be interpreted in this way. Decreased complement
levels in MS serum and CSF [9, 10] may thus be interpreted as direct indication of
an antibody-dependent tissue-damaging mechanism in MS [6, 15, 18]; soluble IC
particularly in CSF may be regarded as further evidence for such a process.

Alternatively, antibodies reacting with tissue components may be a consequence
rather then the cause of the demyelinating process, i.e., IC may just indicate a func-
tioning clearing process for antigenic material released in the course of tissue de-
struction caused by another mechanism, e.g., a chronic viral infection. At any rate,
the presence of IC in plasma and CSF indicates continuous antigenic stimulation as
well as long-term antibody formation, which also takes place within the CNS [4]
(Table 2). A decisive step toward a better understanding of the true role of tissue re-
active antibodies as well as of the role of IC will be the identification of the anti-
gen(s) involved in the formation of IC in MS.

Summary

Applying the Clq binding test (Cl1q BT), immune complexes were detected in
26/98 sera of MS patients in different stages of the disease with or without treat-
ment. Positive Clq BT were also observed in 14.3% of 42 control sera from patients
with miscellaneous neurological disorders, whereas only 2.5% of 118 normal control
sera revealed marginally positive results. In 15/32 (46.9%) of CSF samples from MS
patients, immune complexes were also found. Positive results were also obtained in
6/64 control CSF including different inflammatory neurological diseases. Whereas
no correlation was found to CSF-IgG or to the CSF-IgG index, presence of CSF
immune complexes showed a significant correlation to CSF cell count
(0.01 > P> 0.005). No definite connections between duration or severity of dis-
eases, disease activity, and presence or absence of immune complexes have become
apparent, although IC positive patients displayed a higher frequency of recent MS
bouts.
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Viral-Induced Immunological Incompetence as an
Etiologic Factor in Multiple Sclerosis

L. P. WEINER and S. A. STOHLMAN !

There are two concepts which are generally accepted by workers in the field of mul-
tiple sclerosis (MS). First, early in life, the MS patient is probably exposed to a com-
mon environmental factor, most likely a virus; second, the pathology of demyelina-
tion in MS is most consistent with an immunopathologic process. There have been
frequent, mostly unsuccessful attempts to isolate virus from the brains of MS pa-
tients; however, no virus has been demonstrated in the CNS of MS patients in any
consistent fashion. If a virus is involved in MS, it may no longer be present in the
CNS. In that case, how does one tie the early role of virus in this disease to the im-
munopathology and chronic course of the disease? A reasonable series of hypothe-
ses can be proposed. Perhaps MS is a residual effect of a CNS infection in which
specific brain antigens have inadvertently become targets for immunologic attack.
To explain the periodic attack on self antigens, one might postulate selective de-
struction of the regulatory cells of the immune response by persistent extraneural vi-
ral infection.

In this paper, we give experimental evidence for the hypothesis that viral infec-
tion of immune cells contributes both to the persistence of virus and to an immune
incompetent state. Finally, we will present evidence suggesting that the persistence
of virus in immune cells might lead to an autoimmune immunopathologic process.
At this point it is important to state that immunopathologic processes and immuno-
suppressive states are two sides of the same coin. Immune incompetence can lead to
immunopathology. It is well known that if one suppresses a specific population of
immune cells, the regulation of other immune cells might lead to an overly zealous
response and produce an autoimmune pathologic state. Thus, viral-induced im-
mune incompetence could conceivably lead to immunopathology by the selective
destruction of populations of immune cells.

Although one need not postulate that the virus persists in cells of the immune
system, it certainly makes sense that in a disease in which periodic exacerbations
and remissions occur, an ongoing viral infection may exist somewhere in the body.
The persistence of virus can be dependent on multiple factors: the pathogenicity of
the virus, interferon induction, and modulation by the host of the antigenic nature
of the virus, as in “antigenic shifts” [12]. However, it is also possible for viral persis-
tence to be a result of a direct interaction with the immune response. The ideal
condition for the persistence of virus is for the virus be nonantigenic. Thus the virus
is not recognized by the immune response and therefore does not evoke the host’s
defense. This is apparently the case in infections caused by unconventional agents,
such as Kuru, Creutzfeldt-Jakob syndrome, or scrapie. The next best thing, from an

1 Departments of Neurology and Microbiology, University of Southern California School of
Medicine, 2025 Zonal Avenue, Los Angeles, California, 90033/USA
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evolutionary point of view, is for the virus to replicate in cells of the immune system,
the very system designed to destroy the agent. It is interesting that viruses known to
produce immunosuppression also have been shown to persist in both experimental
animals and man.

Viruses affecting the immune response consist of enveloped and naked RNA
and DNA viruses. Viruses have been found in the thymus, lymph nodes, spleen,
bone marrow, bursa of Fabricius, stem cells, plasma cells, lymphocytes, and macro-
phages [13]. The specific effect of viruses on the immune system appears to depend
on which cell is involved.

The concept that virus can affect the host immune response dates back to the
studies of Von Pirquet in 1908. He described a measles infection during which there
was a loss of the delayed hypersensitivity to a PPD skin test during measles virus in-
fection. Since then, we have discovered that all types of immune respones, both hu-
moral and cellular, can be interfered with by viruses. In their 1970 paper Notkins et
al. [13] hypothesized that viruses induce changes in the immune response by inter-
fering with the uptake and processing of antigens, by causing depression of cellular
protein synthesis (antibody), by destroying antibody-producing cells or their precur-
sors, by inducing transformation of antibody-producing cells into neoplastic cells,
by altering thymic function, and by accelerating immunoglobulin metabolism and
antigenic competition. Thus, viruses interfere with T- and B-cell function, macro-
phage processing, and phagocytosis as well as biological amplification systems such
as the complement pathway and the alternate pathway. Finally, they interfere with
the production and activity of lymphokines.

To better understand the role of virus in the induction of immunosuppression, it
might be important to review the immune system briefly. T lymphocytes have anti-
gen receptors which induce proliferation and differentiation into immune compe-
tent effector cells. T cells are the effector cells in delayed hypersensitivity, graft re-
jection, and tumor immunity, as well as resistance and recovery from both bacterial
and viral infections. T cells also regulate humoral antibody production. It is the an-
tigen-activated T cells which amplify the inflammatory response by secretion of sol-
uble factors termed lymphokines which in turn recruit nonspecific cells and produce
blood vessel changes in the inflammatory reaction. Humoral antibody produc-
tion is also influenced by T cells [27]. Antibody production to many, although not
all antigens, requires cooperation between antigen-responsive T and B lymphocytes.
The secretion of antibody and the switch from IgM to IgG synthesis seem to be in-
fluenced by helper T cells. T cells can also actively suppress antibody production,
and these are called suppressor T cells. A wide variety of viruses can depress T-cell
function. This is particularly interesting because T-cell function appears to be essen-
tial for recovery from most viral infections. Measles, mumps, and influenza are all
known to produce transient depression of the PPD skin hypersensitivity. Measles,
which is perhaps the best studied of these agents, has been shown by McFarland [9]
to selectively affect T lymphocytes. Live attenuated measles vaccine, polio vaccine,
and yellow fever virus vaccine all have been associated with decreased tuberculin

reactions. Both children with congenital rubella [15] and adults with rubella [6] have
negative delayed hypersensitivity to skin test antigens, and decreased mitogenic re-

activity to the T-cell specific mitogen phytohemagglutinin (PHA). In addition, pa-
tients with infectious hepatitis and influenza A infections also show a diminished re-
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activity to optimal concentrations of PHA [3, 26]. Suppression of delayed hypersen-
sitivity in children infected with wild or attenuated measles virus parallels the in-
ability of lymphocytes to respond to specific antigen in vitro.

Graft rejection, another function associated with T-cell activity, has been shown
to be delayed by experimental infection. Lactic dehydrogenase virus (LDV) [19],
Gross murine leukemia virus [4], and Marek’s disease (a herpes virus) all inhibit ef-
ficient graft rejection [18].

Dent [4] and Mortensen et al. [11] have also shown that both oncogenic and non-
oncogenic viruses can interfere with lymphokine production. Monocyte chemotaxis,
a phenomenon known to correlate with depression of cell-mediated immunity, has
been shown by Kleinerman et al. [7] to be inhibited by both herpes simplex and in-
fluenza viruses.

The depression of humoral immunity by viruses has also been well studied, and
a multitude of viruses have been implicated. Epstein-Barr virus (EBV) selectively
transforms B cells [22]; Friend mouse leukemia (FLV) virus suppresses antibody
formation to sheep red blood cells (RBC), salmonella lipopolysaccharide, cox-
sackievirus antigen, and influenza [4]. Friedman [5] has shown that the effect of
FLV is only detected when infection occurs prior to the antigenic challenge. Sup-
pression appears to be by the virus and not by the leukemic process.

Macrophage function may be the most important alteration of the immune sys-
tem during viral persistance. Infection with LDV, ectomelia, or mouse hepatitis vi-
rus (MHYV), all of which replicate in macrophages, depress carbon particle clearance.
In vitro infection of polymorphonuclear leukocytes by mumps, influenza, or cox-
sackieviruses decreases their ability to engulf bacteria. In addition to impairment in
phagocytosis, there are alterations in the ability of macrophages to break down anti-
gens and release leukotoxic substances. Interferon produced by infected macro-
phages appears to have no effect on other macrophages [10]. Certain virus-antibody
complexes are taken up by macrophages and degraded; however, reovirus appears
to be ingested as an antigen-antibody complex and remains infectious in the macro-
phage. Allison [1] has further commented that many viruses which replicate in ma-
crophages but produce no cytopathologic effect have also been associated with
chronic infection. These include LDV, equine infectious anemia virus, lymphocytic
choriomeningitis virus (LCM), MHV, and Aleutian mink disease [23]. The persis-
tence of these viral agents in the host thus appears to depend on their ability to es-
cape destruction by macrophages. The enhancing effects of macrophages on the
clearance of viral infection may also be altered by virus. Recent studies of polio have
shown that uninfected macrophages enhance the response of lymphocytes to PHA;
however, this response was inhibited by infecting the culture with polio [20]. In this
model, lymphocytes do not support polio replication, therefore, one can assume that
the polio inhibits lymphocyte responses by suppressing macrophage function. Thus,
macro<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>