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MULTIPLE SCLEROQSIS — McFARLIN AND McFARLAND

MEDICAL PROGRESS

"MULTIPLE SCLEROSIS
{First of Two Parts)

Daie E. McFarLiy, M.D., anp HENRY F. McFaRLAND, M.D.

T HE lesions of multiple sclerosis were probably de-
scribed as early as 1838, but it was Charcot in
1868” who recognized the characteristic clinical and
pathologic features of the disease. Since that time, the
disorder has been studied extensively. Numerous dis-
tinguished, even renowned physicians and scientists
have investigated various aspects of multiple sclerosis.
Although much has been learned and many theories
have emerged, the cause and pathogenesis of this dis-
ease remains unknown. No preventive measures or
definitive therapies exist. The purpose of this article is
to review the classic clinical and pathologic aspects of
the disease and recent scientific findings that may pro-
vide insights into the underlying pathogenic mecha-
nisms.

Clinically, multiple sclerosis is highly variable, and
there is no specific diagnostic test. This variability is a

well as for physicians, because it confuses the diagnosis
and hampers both the investigation of possible causa-

Qsource of frustration for patients and their families, as
<
[ty
£

tive mechanisms and the design and interpretation of
therapeutic trials. The disease usually begins between
the second and fifth decade, but both earlier and later

ages of onset have been reported. S_cnom,li's%aiﬂ
motor dysfunction are common in patients with multi-

ple sclerosis. In approximately 60 per cent of patients
the disease is initially manifested by exacerbations and
_remissions. In the early stages of disease the remissions

-~ are usually associated with complete or nearly com-
-~ plete return of normal neurologic function, but with

- each remission there is less improvement and greater

& neurologic dysfunction. The disease enters a chronic

-

phase and becomes progressively worse over the
years.?

Other clinical courses that may be seen have been
described as acute, progressive, and benign. In the
acute form of multiple sclerosis neurologic dysfunction
progresses rapidly over a few weeks or months. The
course is either monophasic or manifested by incom-
plete remissions of short duration, followed by severe
relapses. The process can be terminal within a few
months,

In patients with the progressive form, neurologic
dysfunction gradually becomes worse after the onset of
the disease, without well-delineated remissions and re-
lapses. Chronic progressive paraplegia is an example
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of this form. In such patients dissemination of lesions
may be difficult to document clinically, but electro-
physiologic evaluation* often shows lesions in the vis-
ual, auditory, or somatic sensory pathways and thus
mfn‘d‘w‘d’iﬁ@rﬁm%l'mgon varies
considerably from one patient to another.

Unlike these relatively severe forms of disease, the
benign form is characterized by only a few exacerba-
tions — often mild — followed by complete recovery.
These patients remain relatively asymptomatic and
have no marked impairment of function for many
years. The possibility of this benign course provides
the basis for guarded optimism in patients who have
recently been diagnosed, and is one reason that physi-
cians are reluctant to use life-threatening experimental
therapy early in the disease.

Finally, it seems likely that a subclinical form of the
disease can occur, because demyelination is accasion-
ally found at autopsy in asymptomatic patients.

In a condition that has such a variety of clinical
presentations, it is logical to question whether more
than one disease process is operative. The reason for
believing that all the various clinical syndromes are
closely related is that common pathologic features are
found, regardless of the clinical course.

PatHoLOGY

The primary pathology is confined to the nervous
system, where macroscopic lesions ranging from 1 mm
to 4 cm are scattered throughout the white matter.
These are known as plaques. There are distinct regions
of predilection, such as the periventricular areas, and
the lesions tend to be syme indi-
vidual plaques correlates with their age. New lesions
are pink, whereas older ones are gray.” The terms
“multiple sclerosis” and “disseminated sclerosis” were
initially used to describe the wide distribution of dis-
crete lesions of various ages in the white matter.!s
Microscopically, the characteristic feature is the
breakdown of the myelin sheath, with relative sparing

of axons. Although wallerian degeneration can be ob-"

" served, particularly in advanced phases of the disease
or in the severe lesions of the acute form, this abnor-
mality is disproportional to the striking destruction of
myelin.” The demyelinating lesions have a perivenous
distribution and contain macrophages, lymphocytes,
and plasma cells.® In new lesions products from the
breakdown of myelin, largely lipids, are found free and
in macrophages.” In time they become less prominent,
and astrocytic hyperplasia occurs.

Microscopical analysis of multiple-sclerosis plaques
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has led to the conclusion that oligodendroglia, the my-
clin-producing cells, are reduced in number and fre-
quently absent, at least in relatively old lesions.>® In
formulating a concept of pathogenesis, major consider-
ation has been given to the possibility that multiple
sclerosis is a disease of the oligodendroglia. It is rel-
cvant that in experimental diseases primarily affecting
oligodendroglia, as well as in most cases of multiple
sclerosis, loss of myelin occurs throughout each affect-
ed node of Ranvier. However, in some multiple-sclero-
sis lesions toss of myelin does not follow this pattern
and is uneven in a given node.? In addition, a recent
ultrastructural analysis of a single lesion'® identified
oligodendroglia in areas of acute demyelination. Such
observations suggest that the primary site of the pa-
thology is the myelin membrane rather than the oligo-
dendroglia. Myelin is the most distal portion of the

oligodendrogliocyte membrane, and at the current

level of understanding, it is important to distinguish
the pathologic processes that involve the oligoden-
drogliocyte cell body from those that selectively affect
myelin. For example, infection of an oligodendroglio-
cyte would be expected to result in the destruction of
all myelin produced by that cell, but an immune reac-
tion against myelin might be unrelated to individual
oligodendroglia.

Muitiple-sclerosis lesions contain small amounts of
myelin basic protein'' and increased amounts of pro-
teolytic enzymes,'? but the sequence of myelin break-
down is not well established. Immunocytochemical
studies have shown a loss of the myelin basic protein
and one of the myelin-associated glycoproteinsin areas
of myelin breakdown.'® In addition, immunologic
staining has shown that the region of decreased my-
clin-associated glycoprotein extends far beyond the

margin of demyelination. This finding is of consider-
glycoprofgin is altered before destructinn of the myelin
teifi has been identified in developing oligodendroglia
and myelin sheaths, but in mature myelin it is located
periaxonally, where oligodendroglial membranes sur-
round axons.'* In multiple sclerosis the alterations in
periaxonal myelin-associated glycoprotein, shown by
immunocytochemical staining, have been interpreted
as abnormalities of the oligodendroglia that precede
myelin breakdown. ' The distributions of myelin-asso-
ciated glycoprotein and myelin basic protein were not
analyzed in studies®!® in which ultrastructural find-
ings suggested that the disease affects the myelin mem-
brane rather than the oligodendroglia. Further investi-
gations of myelin glycoproteins in multiple-sclerosis
lesions of different ages and in experimental diseases

known to affect oligodendroglia should provide useful
information.

DiscNosis

Criteria for the clinical diagnosis of multiple sclero-
sis have been developed.>* A definite diagnosis of the
disease requires documentation of lesions that have
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occurred on more than one occasion and at more than
one site, and that are not explained by other mecha-
nisms. The presence of lesions has traditionally been
documented on the basis of clinical findings, but in
recent years electrophysiologic evaluations and com-
puterized tomography have aided the identification of
clinically silent lesions in some patients. It is now com-
mon to use these procedures as extensions of the neuro-
logic examination,

LABORATORY STUDIES

Electrophysiologic Studies

Investigation of the visual, auditory, and somatic
sensory pathways can provide evidence of lesions in
the respective regions of the nervous system.* It is
important to note that these techniques simply demon-
strate the presence of lesions but provide no informa-
tion concerning the cause. It is unnecessary to perform
such studies on patients in whom the diagnosis of mul-
tiple sclerosis can be established clinically, because
these procedures do not affect routine treatment, and
they are time-consuming and expensive. However,
they may be useful in evaluating patients receiving
experimental therapeutic agents.

Computerized Tomography

Routine x-ray studies of patients with multiple scle-
rosis are normal. Lesions can be identified in the white
matter by means of computerized tomography, par-
ticularly - when combined with contrast enhance-
ment.'® Itis not necessary to study every patient in this
manner, but computerized tomography may help pro-
vide evidence of multiple lesions in some patients. We
have found this approach particularly useful in docu-
menting acute forms of the disease, with abnormalities
of cognitive function. Nuclear-magnetic-resonance
imaging has recently been used to evaluate muliple
sclerosis, and in one study, it was used to identify
lesions as small as 3 by 4 mm. '® To date there has been
no pathological confirmation that such lesions repre-
sent multiple-sclerosis plaques, but if such confirma-
tion can be obtained, nuclear-magnetic-resonance
imaging may become a valuable diagnostic aid.

Cerebrospinal Fluid
Although there is no laboratory test that can be used

t6 diagnose multiple sclerosis, changes i the cerebro-
ﬁm&m A mild increase in protein
or lymphocytes (or both) may be seen,'” and in the
majority of patients, the level of IgG in the cerebrospi-
nal fluid is elevated.'®!® Immunoglobulins in the cere-
brospinal fluid are present in much lower quantities
than in the serum, Trace amounts of blood in the
cerebrospinal fluid can lead to spurious increases in
cerebrospinal-fluid immunoglobulins. Thus, to ex-
clude the possibility of a breakdown in the blood—brain
barrier, it is imperative to express cerebrospinal-fluid
immunoglobulins as ratios to total protein or to albu-
min.!”!% In multiple sclerosis IgG is synthesized with-
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in the central nervous system, and approaches have
been developed to quantify this process.'? Also, the
cerebrospinal-fluid IgG in multiple sclerosis is rel-
atively homogeneous in charge; after electrophoresis it
is distributed in a2 small number of discrete {oligo-
clonal) bands.'”® The oligoclonal banding in the
cerebrospinal fluid of a given patient with multiple
sclerosis remains relatively constant throughout the
duration of the disease. Although the findings vary
among different series, approximately 70 per cent of
patients with multiple sclerosis have elevated cerebro-
spinal-fluid IgG, and approximately 90 per cent have
oligoclonal bands.!” Levels of cerebrospinal-fluid IgM
and IgA may also be elevated.?! In the proper ciinical
setting detection of immunoglobulin abnormalities
may aid in establishing a diagnosis of multiple sclero-
sis; however, they are not pathognomonic for the dis-
ease and can be seen in other disorders. It should be
noted that a few patients with definite multiple sclero-
sis, defined clinically, have normal cerebrospinal-fluid
immunoglobulins and lack oligoclonal bands.

Fragments of myelin have been observed in the cere-
brospinal fluid of patients with multiple sclerosis,?
and it has been shown that myelin basic protein® or a
proteolytic fragment of myelin basic protein®* in the
cerebrospinal fluid is transiently increased after acute
episodes. Analysis of cerebrospinal fluid obtained
within one week of an acute clinical episode shows an
elevated level of myelin basic protein or of a proteolytic
fragment of myelin basic protein in approximately 90
per cent of patients. Over the next two weeks these
levels return to normal in the majority of patients.
Those with chronic forms of the disease tend to have a
normal level of myelin basic protein in their cerebro-
spinal fluid. A minor fluctuation in the level of myelin
basic protein in these patients may reflect changes in
disease activity, but this will require further study.
Fever is known to accentuate the symptoms of multiple
sclerosis,? probably because defects in axon conduc-
tion become more pronounced as body temperature
increases. In patients with fever the proteolytic frag-
ment of myelin basic protein in the cerebrospinal fluid
remains normal.?* Elevated levels of myelin basic pro-
tein® or of the proteolytic fragment of myelin basic
protein®* have also been found in patients with infarc-
tion of the central nervous system, encephalitis, leuko-
dystrophies, metabolic encephalopathies, or metho-
trexatc myelopathy, and the elevations probably
reflect tissue destruction. Thus, elevated levels of my-
elin basic protein or of the proteolytic fragment of my-
elin basic protein in the spinal fluid are laboratory
indicators of active demyelination. It is likely that
other components of myelin or proteolytic enzymes
are also increased in the cerebrospinal fluid or in
the blood; these could be useful markers of disease ac-
tivity,

Blood Leukocytes

In recent years various methods have been used to
evaluate peripheral blood leukocytes.?® Collectively,
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the results are conflicting. Several factors contribute to
the lack of consensus. Investigators have employed
different methods, used different criteria for defining
normality, and in many situations studied patients at
different stages of the disease. Some investigators have
ignored the possible role of therapeutic agents, such as
steroids, in altering leukocyte distribution. The control
groups of patients have frequently been inadequate,
and few longitudinal studies have followed patients
with well-defined forms of the disease. Many assess-
ments have been made on the basis of in vitro phenom-
ena, and because of the perplexing nature of multi-
ple sclerosis, there has been a tendency to emphasize
minor abnormalities in an effort to identify clues to the
underlying problem. In spite of these difficulties, some
common findings have emerged in recent years.

Variations in the distribution of T and B cells, as
well as changes in lymphocyte subpopulations, have
been documented, particularly during acute exacerba-
tions. Although the number of T cells remains un-
chan%ed during the long-term course of multiple scle-
rosis,“®27 at the time of acute exacerbation a slight fall
in the total number of T cells has been shown by the
use of both sheep-cell rosetting techniques®® and
monoclonal antibodies.?? Of particular interest are re-
cent studies that have used various methods to docu-
ment changes in lymphocyte subpopulations. Vari-
ations in T-gamma cells, the lymphocyte subset that
binds the Fc portion of IgG, have been observed. In
some studies these subpopulations were found to be
increased,?' but in others*? they were reduced. The
differences in these findings may be related to dis-
ease activity, and the findings from longitudiral in-
vestigations support this explanation.®? In two pa-
tients the T-gamma subpopulation diminished during
acute attacks, returned to normal at the time of ¢lini-
cal improvement, and subsequently increased above
normal.

Perhaps the most compelling data come from stud-
ies in which monoclonal antibodies were used as phe-
notypic markers of lymphocyte subsets. OKT3 was
generally used as a marker for the total number of
T cells, OKT4 as a marker for a helper or inducer sub-
population, and OKT5 or OKTS$ as a marker for a
suppressor/cytotoxic subpopulation.®® Not only was
the total number of T cells reduced during acute ex-
acerbation, as shown by the OKT3 marker, but there
was a specific reduction in the number of cells identi-
fied by the OKT5 marker.*® A subsequent longitudi-
nal study®* of four patients showed some shifts in
T-cell subsets, which were partially correlated with
disease activity. For example, in one clinically stable
patient, no changes were seen in multiple determina-
tions. In contrast, in another patient with an active
clinical disease, abnormal T-cell ratios were docu-
mented in 12 of 27 assays performed during a six-
month period. It is noteworthy that when a different
series of lymphocyte markers® was used to analyze
patients in western Canada, no changes were found
during acute attacks; however, patients with a chronic
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progressive form of multiple sclerosis had reduced
lymphocyte subpopulations bearing the Leu 2a mark-
er, which probably identifies the same T-cell subset
that is identified by OKT5 and OKTS.

Functional changes in peripheral-blood T cells have
also been observed. A mild reduction in response to
mitogens, particularly during the acute phase, has
been rcgported by some***’ but not all investiga-
tors.**3¥ The capacity of concanavalin A-stimulated
lymphocytes to induce suppression of a second mito-
genic response by peripheral-blood leukocytes. is re-
duced during acute episodes.*® This concanavalin
A-induced suppressor activity returns to normal after
exacerbation and is also normal in patients with
chronic or stable disease.’®*® However, some patients
with chronic disease lack normal suppressor activity
in response to neuroantigens* and measles virus.!
These findings have led to the hypothesis that reduced
T-cell suppressor function may permit an immuno-
logic response that leads to myelin damage.

It has been suggested that the lymphocyte-suppres-
sor activity of concanavalin A-activated cells is medi-
ated through interferon.*? Lymphocytes from approxi-
mately 33 per cent of patients showed a decrease in the
production of interferon in response to viruses*! and
other inducers of interferon,*>** In one study reduced
interferon production was paraileled by impaired nat-
ural killer activity,*® but natural killer activity has
been assessed in other laboratories, and there is no
consensus concerning the findings in multiple sclero-
sis. To measure this activity, peripheral-blood leuko-
cytes and target cells are incubated at various ratios.
Target cells consist of transformed or virus-infected
cell lines. In one study*® the demonstration of quanti-
tative differences in natural killer activity between pa-
tients with multiple sclerosis and controls required
high killer-to-target ratios and depended on the type of
target cells employed. Other investigators using differ-
ent target cells have observed no abnormalities in nat-
ural killer activity.*

The blood from patients with acute and chronic
forms of multiple sclerosis has recently been shown to
have a marked increase in antibody-dependent cellu-
lar cytotoxicity. This activity is believed to be mediat-
ed by a subset of T cells with receptors for the Fc
portions of IgM and IgG.*’ They have been designat-
ed T-mu-gamma cells.?’*’ Peripheral-blood leuko-
cytes from patients with multiple sclerosis have been
reported to have altered surface properties and a tend-
ency to adhere to brain sections, myelin antigens,
erythrocytes, and other cells.*®* Similar phenomena
have been described in other chronic diseases and
brain tumors. The functional importance of these reac-
tions is not known.

Although considerable effort has been focused on
the blood T cells and natural killer cells, many patients
have increased numbers of la-positive cells.?® These
could represent activated T cells, but there are other
la-positive cells that may be important. For example,
B cells are Ia positive, and some data® indicate that
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blood B cells in patients with multiple sclerosis are less
responsive to suppressor signals than they are in the
absence of disease. Such findings could explain abnor-
malities of immunoglobulins without implicating a
T-cell lesion. A second la-positive cell population is
the macrophage; in our view investigation of these cells
has been relatively neglected. Macrophages are re-
cruited by T cells in cell-mediated immune reactions,
and increased numbers of such cells in the blood could
be expected in a process associated with T-cell activa-
tion. Furthermore, macrephages are prominent in the
cellular reaction” in the nervous system and contain
several proteolytic enzymes that could contribute to
myelin destruction. A better understanding of the role
of macrophages may have therapeutic importance be-
cause of the potential for pharmacologic modification
of enzyme release or activity, which could reduce tis-
sue damage.

The cause of abnormalities in blood lymphocytes is
not known, but three possibilities have been consid-
ered. Alterations may result from changes in leukocyte
migration that are associated with acute clinical epi-
sodes. OKT8 and OKTS? identify subpopulations of
T lymphocytes with both cytotoxic and suppressor
functions. The possibility that multiple sclerosis is re-
lated to a cell-mediated immunopathologic process
has led to speculation that these cells are sequestered
in the central nervous system. No increase in OKT8
subpopulations of lymphocytes was found in the cere-
brospinal fluid®'; however, this finding does not cx-
clude a relative increase in the number of cells in le-
sions of the central nervous system. Reduction of the
suppressor/cytotoxic subset could result from the same
pathologic mechanisms that cause the lesions. As dis-
cussed below, some findings indicate that multiple
sclerosis may be the consequence of a chronic infec-
tion, and it is possible that a subset of lymphocytes and
oligodendroglia are receptive to the same infectious
agent. An autoimmune basis for multiple sclerosis has

.also been postulated; and auioantibodies against lym-
phocytes have been observéd i patients,> al-

though they have not been shown to correlate with
either lymphocyte abnormalities or longitudinal dis-
ease activity, It is also possible that autoantibodies
against the T5/T8 molecule modulate or block this
antigen. Furthermore, it has been proposed®® that
there is cross-reactivity between antigens in myelin
and the T5/T8 subpopulation of blood lymphocytes.

Thus, the changes in peripheral-blood leukocytes may

contribute to the pathogenesis or may simply be epi-
phenomena. .

It is important to emphasize that the abnormalities
in peripheral-blood leukocytes represent relatively
minor deviations from normal findings. Longitudinal
studies have shown that many patients with multiple

sclerosis enter a chronic progressive phase of the dis- |
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ease and slowly decline. This leads to the conclusion .

that there is subtle but active disease in the nervous
system that is not mirrored by clear clinical changes. If
the disease process is immunopathologically mediat-
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ed, it is possible that only minimal effects, if any, will
be reflected outside the central nervous system. Since
many of the concepts of immune regulation in labora-
tory animals have been derived from studies of cells in
lymphoid organs, rather than blood cells, perhaps in-
vestigation of lymphoid structures in multiple sclerosis
would provide more convincing information about the
possibility of an aberrant immune response. Unfortu-
nately, good approaches to the investigation of the
immune response within the human nervous system do
not exist. New insights may emerge from the study of
experimental models of disease. It is also possible that
some forms of experimental therapy now being tried
both in animal models and in patients with multiple
sclerosis will provide clues to the nature of the immune
process within the nervous system.

 ASSOCIATION WITH THE MAJoR
" HisTocoMPATIBILITY COMPLEX

Like many other diseases, multiple sclerosis is asso-
ciated with particular antigens of the major histocom-
patibility complex.** In whites from northern Europe,
North America, and Australia the disease is linked to
HLA-A3 and B-7, and the strongest association in
these populations is with Dw2 and DRw2. In Israel®
and northern Italy®® an association with HLA-A-3 and
B-7 has not been found, but analysis of DRw antigens
in northern Italy and Jordan has demonstrated a
strong correlation with DRw4,”” and a possible associ-
ation with DRw6 has been found in Japan.>* These
findings suggest that the disease may be linked to dif-
ferent genetic backgrounds. At the most recent inter-
national histocompatibility workshop,’® it was con-
cluded that the risk in Italian patients is associated
with DRw2, and a strong association between HLA
antigens and the disease in Japanese or Israeli patients
was not documented. However, the size of these
groups was relatively small, and further analysis of the
association between multiple sclerosis and human leu-
kocyte antigens in various ethnic groups is appro-
priate,

The relevance of the correlation between multiple
sclerosis and HLA antigens is not known. Because the
strongest association is with antigens specified by the
DRw region, a relation between susceptibility to dis-
ease and genetic control of immune regulation has
been postulated. Because of the increased frequency of
these HLA antigens in multiple sclerosis, considerable
attention has been directed at identifying the possible
genetic influence on susceptibility to disease. It has
long been recognized that the risk of multiple sclerosis
is slightly increased in first-degree and second-degree
relatives of affected patients.? Attempts to identify a
genetic linkage have focused primarily on studies of
families in which more than one member was in-
volved,’ in the hope of demonstrating a haplotype or
gene product that was shared by affected members and
possibly absent in unaffected members. To date these
studies have failed to identify an absolute correlation
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between disease and HLA haplotype.™* Thus, a gene
that increases susceptibility to multiple sclerosis has
not been conclusively demonstrated. Possible subclini-
cal disease,?® inaccurate diagnosis, and failure to iden-
tify the critical genetic markers were sources of poten-
tial error in these family studies.

A complementary method of evaluating the genetic
influences in multiple sclerosis has been the investiga-
tion of twins. In a study®® of 30 sets of twins in which
both members of each pair were the same sex, higher
concordance was found in monozygotic twins than in
dizygotic twins; however, only 50 per cent of the for-
mer were concordant. In addition, two sets of dizygotic
twins were concordant, and in neither of these sets
were the members haploidentical with respect to
HLAs. In view of these findings, it seems unlikely that
the increased incidence of multiple sclerosis in fam-
ilies, and specifically in twins, is based solely on genet-
ic influence. The common environment shared by
twins and other family members cannot be ignored.
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