Electrophoretic morphology of

gamma globulins in cerebrospinal

fluid of multiple sclerosis and other

diseases of the nervous system

E. C. Laterre, M.D., A. Callewaert, M.D.,

J. F. Heremans, M.D., and Z. Sfaello, M.D.

Since THE FIRST STUDIES of Kabat and co-
workers! in 1942, showing the rise of cere-
brospinal fluid (CSF) gamma globulins in pa-
tients with multiple sclerosis (MS), several au-
thors have become interested in studying this
phenomenon in a variety of neurological dis-
eases including MS. Different techniques have
been employed (for example, electrophoresis
on different supporting media®-2° and chemi-
cal?’-26  gnd  immunochemical determina-
tion?™-3%)  the significance of the results has
not been fully appreciated, and the data have
sometimes been inconclusive.

Study of the literature devoted to this sub-
ject is difficult because the selection of patients
has varied and because clinical criteria have
varied from one author to the next.

Few authors have employed more than one
technique on the same CSF sample except to
compare the colloidal curves®8.2.10.25.28 tq one
of the newer techniques. It is clear that there
is need for reevaluation of existing literature.

The present work is based on results ob-
tained by agar gel electrophoresis and is con-
cerned with a correlation between clinical pa-
rameters and different electrophoretic patterns
of CSF proteins.

MATERIALS AND METHODS

Patient population. We reviewed the records
of 2,043 patients who had been admitted to
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the Neurological Department of the University
Clinics and in whom CSF protein electrophore-
sis was performed. In 323 patients, the diagno-
sis was multiple sclerosis, designated as either
definite, probable, or possible. The other pa-
tients were assigned to one of the diagnostic
categories listed in Table 1.

The diagnoses were based on clinical exam-
ination and technical procedures such as mye-
lography, pneumoencephalography, arteriogra-
phy, cerebral scintigraphy, electroencephalog-
raphy, and routine CSF examination. The re-
sults of CSF protein electrophoresis were not
considered in making the diagnosis. The differ-
ent clinical and laboratory data concerning
these cases of MS were plotted on IBM cards.

Tentative correlations were established be-
tween electrophoretic patterns of CSF proteins
and the duration and course of the disease, de-
gree of disability, and diagnostic category, as
well as the CSF cell count and total protein
content. No attempt was made to categorize
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TABLE 1
DIAGNOSTIC CATEGORIES
Num- Num-
ber ber
of Gamma of Gamma
cases type % cases type %
Multiple sclerosis 323 254 786  Tumors, hydrocephalus, and in-
creased intracranial 225 10 44
Inflammatory diseases of CNS 144 57 39.6 nia’ pressure
— - Intracranial tumor 147 5
Encephalitis and meningoen- .
cephalitis of presumed or Intraspinal tumor 36 0
proved viral origin 40 14 Hydrocephalus and
Bacterial mening:tis or asep- meningomyelocele 26 3
tic meningitis and abscess 67 22 Pseudotumor cerebris 7 0
Poliomyelitis 7 1 Meningeal infiltrates of
Neurosyphilis 19 10 maligrant origin 9 2
Toxoplasmosis 3 2
Subacute sclerosing panen- Vascular disorders 195 4 20
cephalitis 8 8
Acute cerebrovascular
Degenerative diseases of CNS 321 11 34 accident 37 1
Amyotrophic lateral sclerosis 36 0 Chronic cerebrovascular
: . disease 110 0
Syringomyelia 18 0 lar disord
Subacute combined degenera- Actuht © va_smi ar cgsor er of 10 1
tion of the spinal cord 8 1 € spu}a cor
Myelopathy of undetermined Intracranial hemorrhage 38
origin or secondary to
cervical arthritis 170 9 ] : 0
Friedreich’s ataxia 6 0 Miscellaneous disorders 562 12 2.1
Cerebral or cerebellar de- .
generation B4 1 Epilepsy and syncope 193 1
Parkinson’s disease 12 0 EncePhalopa}tl?y of
Chorea, choreoathetosis, various origin 28 4
and dystonia 19 0 Mental and psychomotor
retardation 19 0
Radiculitis, neuritis, and Craniocerebral trauma 45 2
neuralgia 73 14 5.1
Overdosage of drugs 12 0
Trigeminal neuralgia 14 0 Arachnoiditis 10 )
Sciatic neuropathy, herniated . o d
lumbar disk, and lumbar Optic neurlti§ and 13 3
pain 148 5 neuromyelitis optica
Brachial neuritis 17 1 Muscle disease 7 0
Polyneuropathy 50 0 Headache, dizziness, and
Guillain-Barré syndrome 28 8 psychiatric disorder 219 2
Cranial nerve disorder 16 0 Nonneurological disease 16 0

the patients with regard to the state of activity
of the disease since it is not our practice to
perform lumbar punctures on patients during
remissions.

Some criteria of classification require expla-
nation. The diagnosis of MS was designated as
definite if all the classical criteria were ful-

filled, i.e., age at onset between 20 and 40
years, symptoms indicative of multiple lesions,
and fluctuating course. The diagnosis was re-
corded as probable if one of these features
was only doubtfully present. If two character-
istics were lacking, the diagnosis of MS was re-
ported as merely possible.
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Patients were categorized as follows, in a
somewhat arbitrary way:

Grade I: Patient able to manage him-
self in every respect; normal
social and professional life

Grade II: Patient unable to practice his

profession, whatever its na-

ture, but walking unaided
and not requiring nursing as-
sistance

Grade TII: Patient entirely incapacitated,
needing help for everything,

bedridden, and incontinent.

Laboratory methods. After microscopical ex-
amination, cell counts, and centrifugation, the
total protein concentration of the CSF samples
was determined by the trichloracetic acid
method of Meulemans.38 Four to five milliliters
of CSF were concentrated 30 to 50 times at
4° C. by means of positive-pressure ultrafiltra-
tion, using the commercial device M.D. 35-15
from Membranfilter Gesellschaft, Gottingen,
Western Germany. All concentrates were ad-
justed to approximately the same protein con-
tent. Electrophoresis of the concentrates was
carried out in agar gel according to Wieme.37
After desiccation and staining with amido
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black, the electrophoretic strips were analyzed
by visual inspection, mainly with respect to
characteristic morphological patterns of gam-
ma globulins, and classified into 3 categories: 19
“normal type”, “gamma type”, and “transuda-
tive type”, which were defined as follows:

The normal type of pattern includes a prom-
inent prealbumin band and a weakly staining
gamma zone which is conspicuous by its homo-
geneity, except for a cathodal reinforcement
due to the presence of the “post-gamma”
proteins.?® The gamma type differs from the
normal only by the quantitative importance
and, particularly, the electrophoretically het-
erogeneous appearance of the gamma globulin
zone. In the transudative type essentially cor-
responding to massive admixture of serum pro-
teins to CSF, the prealbumin band is diluted
out of the pattern, and the albumin zone and
alpha-1 and alpha-2 globulin bands assume in-
creasing importance, whereas the gamma glob-
ulin zone, although quantitatively abnormally
prominent, retains its normal homogeneous ap-
pearance.

The same three types were distinguished
with eqgual ease by other methods of analysis,
such as electrophoresis on acrylamide-agarose
gels,3® gel chromatography on Sephadex, or
immunoelectrophoresis,*® all of which were

TABLE 2

CLINICAL PARAMETERS AND ROUTINE LABORATORY RESULTS CORRELATED
TO CSF GAMMA PATTERN

——Course of disease_

,—Duration of disease_

Remission and

————Grade of disability_______

<1 year =1 year relapse Progressive I II 111
Number of cases 85 238 174 149 117 158 48
Gamma type 64 190 137 117 86 126 42
Percent gamma
type 75.3 79.8 78.7 78.5 73.5 79.7 87.5
Significance 0.50=p=0.30 p=0.99 0.30=>p=>0.20 0.30=p=0.20
1——p=0.05 —-—1
CSF cell —~CSF total protein_
tagnostic categories. c t . . (mg./100 ml.)
Towible . probatte . Demie - oeg Cuererigmm /100l
Number of cases 121 118 84 243 80 216 107
Gamma type 91 90 73 183 71 165 89
Percent gamma
type 75.2 76.3 86.9 75.3 88.8 764 82.2
Significance 0.90>p=0.80 0.10=p=0.05 p=0.01 0.20=p=0.10
T —— 0.05>p=0.02 T
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employed to confirm the data of agar gel elec-
trophoresis.

RESULTS

Multiple sclerosis. [1] Our MS patient group
included 151 men and 172 women.

2] The age of onset was between 20 and
40 for 215 (67%) of the 323 patients.

3] No differences were found between a
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short (<1 year) and a long duration (>1
year) of disease and the frequency of changes
in electrophoretic pattern of CSF gamma glob-
ulins (Table 2).

4] The course of disease fluctuated in 174
patients and was progressive, ie., without
sharp remission, in 149. The figure of 149 for
the progressive course may seem excessive.
However, among these were included all pa-
tients for whom the evolution was shorter than
one year because the fluctuating character of
the disease is very difficult to ascertain dur-
ing the first year after onset. As shown in Table
2, there was no correlation between the course
of disease and the CSF pattern.

5] On the other hand, there was a good cor-
relation between the degree of disability and
the CSF protein pattern when Grade I and
Grade III were compared (p = 0.05).

6] A good correlation also existed between
the diagnoses rated as possible and definite and
the morphological pattern of gamma globulins
(0.05>p>0.02).

7] The CSF cell count and changes of gam-
ma globulins also gave a good correlation
(p = 0.01).

8] No correlation was noted between total
protein content of CSF and the electrophoretic
pattern. In our studies, the critical level was
fixed at 40 mg./100 ml, but it is realized that
this choice depends on the method of protein
quantitation employed and the fact that the
appropriate limiting value may be different in
the hands of other investigators.1?

Other cases. As shown in Table 1, 1,720 pa-
tients with various diseases were grouped in
different categories and their records were ex-
amined in detail with special reference to the
electrophoretic pattern of their CSF proteins.
The absolute number of gamma-type electro-
phoretic patterns in CSF protein is indicated
at the right side of Table 1. The frequency of
the gamma type is given for 6 major categories;

Fig. 1. Agar gel electrophoretic pattern of
CSF gamma globulins in {A] normal CSF,
[B], [D], and [E] MS cases, [C] sarcoidosis
of CNS, and [F] subacute sclerosing panen-
cephalitis. The gamma bands are indicated
by arrows. Beneath each CSF sample, a
reference mixture consisting of serum albu-
min and transferrin is run.
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it varied between 2 and 5.1%, except for the
inflammatory diseases of the central nervous
system (CNS) in which it reached 39.6%.

DISCUSSION

Consideration of the diagnostic value of “re-
stricted electrophoretic heterogeneity” of path-
ological gamma globulins in CSF and interpre-
tation of agar gel electrophoresis. Various au-
thors,12:1417 including ourselves,3.15.16  have
shown that the essential feature of the gamma
globulins in CSF from patients with MS and
other inflammatory CNS diseases resides in the
“restricted heterogeneity distribution,” i.e., in
the appearance of striations and discrete bands
within the diffuse gamma area. Cumulative
experience from more than 4,000 electropho-
retic examinations, including about 500 cases
of MS, has convinced us of the diagnostic im-
portance of this pattern of discrete bands with-

0D.at 280 my

15

NEUROLOGY

in the gamma globulins, which we have desig-
nated as the “oligoclonal aspect.”5 It may be
added that the gamma globulins giving rise to
this phenomenon have always been found to
belong to the IgG class. 1

The limited amounts of material usually do
not permit the use of conventional methods of
protein fractionation and physicochemical or
immunochemical analysis. It is known, how-
ever, that all such oligoclonal gamma compo-
nents behave identically during gel filtration
on Sephadex, indicating that they all belong
to the 78 class of immunoglobulin molecules.1?
In particular, these findings make it clear that
one is not dealing with immunoglobulin frag-
ments arising by proteolysis.

The phenomenon of electrophoretic hetero-
geneity should not be confused with the anti-
genic heterogeneity which is apparent on some
immunoelectrophoretic CSF patterns that show

o5 |-
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Fig. 2. Gel chromatography by Sephadex G 200 of 1.5 ml. of concentrated CSF (protein con-
tent:7.3 gm./100 ml.) from a patient with subacute sclerosing panencephalitis. Column mea-
sured 100 by 2.5 cm. Elution rate was 12 ml. per hour and 2-ml. fractions of the effluent
were collected. The second peak (shaded area) is composed mainly of gamma globulins (7
S). Albumin and transferrin are the prinicipal components of the third peak (A). The follow-
ing fractions of the curve (B, C, and D) contain low molecular weight proteins.
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a parallel duplication of the gamma G—precipi-
tin line.?® The latter feature, which may also
occasionally be observed in normal serum pro-
vided use is made of appropriate antisera,*!
merely reflects the fact that immunoglobulins
represent a mixture of two antigenically dis-
tinet populations differing by their type (kap-
pa or lambda) of light polypeptide chains,*243
The fact that the gamma G line is more con-
spicuously duplicated in certain CSF samples
than in others is due to an imbalance of the
kappa:lambda ratio of the immunoglobulins
present and bears no causal relationship to
electrophoretic heterogeneity. Both phenomena
are indirectly linked, however, in that they
represent an upsetting of the ratio between
the different components of the normal im-
munoglobulin mixture, owing to overrepresen-
tation of immunoglobulins (i.e., antibodies)
which are synthesized in situ. Yet a third re-
flection of the same fundamental imbalance
is found in the abnormal distribution of the
different electrophoretic subgroups which can
be distinguished by means of electrophoresis
in urea-containing alkaline buffers of the heavy
polypeptide chains separated from CSF im-
munoglobulins in cases of multiple sclerosis.!?
It is possible that a similar interpretation ap-
plies to older reports on the heterogeneity of
CSF immunoglobulins on the faith of data
gathered by means of chromatography on ion
exchangers.*4

For diagnostic purposes, this morphological
aspect of gamma globulins is much more im-
portant than their absolute or relative values
and is independent of the latter. It is for this
reason that the precise quantity of gamma
globulins in CSF, as determined by chemical
or immunochemical means or photometric
scanning of electrophoretic strips, has always
seemed of secondary importance to us. In some
cases, the absolute or relative level of CSF
gamma globulins may be normal while the
“restricted electrophoretic heterogeneity” pat-
tern is present.

The wvisual inspection of electrophoretic
plates is not only sufficient, but it cannot be
replaced by the best mechanical scanning
methods. This was also emphasized by Link.17
It is necessary, of course, to have a great deal
of experience in reading electrophoretic plates
because, in the gamma zone, other proteins
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are present which can confuse the inexperi-
enced observer.l”.38 This is the case for
the postgammal:38 (or gammay,.) protein
which develops an increased mobility with
storage and aging of the sample. Originally,
the electrophoretic mobility of the postgamma
protein is slower than the mobility of the gam-
ma globulins. However, upon storage, this
mobility increases and becomes approximately
that of the gamma globulins which may thus
be mimicked by the modified protein.#* On
the other hand, Link!? has clearly shown that
the zone comprised between the T-protein
(transferrin II) and gamma globulins, is oc-
cupied mainly by beta,,,.. protein which char-
acteristically shows 4 distinet bands. Finally,
the “restricted electrophoretic heterogeneity”
of gamma globulins may not be clear if the
CSF is too much or not sufficiently concen-
trated.

In cases of intrathecal inflammatory reac-
tions, it is in the slow part of gamma zone
(gamma-4 of Lowenthal and associates12:14)
that the pathological IgG bands are found
which sometimes overflow toward the anodic
or cathodic regions (Fig. 1). Concerning the
supporting medium used for electrophoresis, it
would seem that agar gel is one of the most
convenient. The resolution in agar gel is su-
perior to that on paper, and the gel also per-
mits the use of a relatively small quantity of
CSF as compared to paper. Other supporting
media for electrophoresis may have superior
resolutive power compared to agar gel, ie.,
starch gel'® and acrylamide gel;2° however, for
the analysis of the gamma zone, these tech-
niques are less desirable because of the inter-
ference of other proteins in this area (alpha-2
macroglobulin, haptoglobin, and so forth). The
example shown in Figures 2, 3, and 4 is illus-
trative of this technical problem. It shows,
in a case of subacute sclerosing panencepha-
litis, the resolution of gamma globulins in acryl-
amide-agarose (Fig. 3) and in agar gel (Fig.
4). In acrylamide-agarose, the bulk of gamma
globulins is concentrated in a homogeneous
mass, except for one band of faster mobility
(arrow); in agar gel, four gamma bands (ar-
rows) are clearly visible.

Proportion of multiple sclerosis cases with
abnormal levels or characteristic morphological
pattern of CSF gamma globulins. Schneck and
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Fig. 3. Acrylamide-agarose gel electropho-
resis of the second (II) chromatography
peak (shaded area of Figure 2), the whole
CSF, and the serum (Se) of the patient. The
bulk of gamma globulins is concentrated in
a cathodic homogeneous mass, except for
one band of faster mobility (arrow).

Claman?® have recently made a survey of the
literature on this subject and have analyzed
the methods employed. The same comparison
has been made by one of us.1¢ The percentage
of qualitative changes or quantitative rises of
gamma globulins is very variable and fluctuates
from 40° to 93%3 but generally is situated
between 50 and 80%.5.7.813,14,16,25,27,28,31,32,35
Comparisons of colloidal methods with electro-
phoretic, immunochemical, and chemical tech-
niques of estimation of gamma globulins have
usually been vastly in favor of the latter.5.9,25.28

Discordant findings, however, are the reports
of high percentages of positive results with the
mastix curve in the hands of Bergmann and
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co-workers® and the very low positive results
with paper electrophoresis in the hands of
Bradshaw.?

In the present study, 78.6% of all MS pa-
tients have shown clear-cut changes in the CSF
gamma globulin ‘pattern. The percentage
ranges between 75.2 and 86.9%, depending
upon the diagnostic category. The high inci-
dence of positive results in MS cases and the
low incidence in other diseases (except for the
group of inflammatory disorders) emphasizes
the diagnostic value of the method employed.

It should be emphasized that, for the pur-
pose of clinical diagnosis, the absolute or rela-
tive levels of gamma globulins in CSF are less
important than is the electrophoretic morphol-
ogy. With the agar gel technique, the quantita-
tive or qualitative modifications of CSF gamma
globulins are sharply outlined. The laboratory
answer is definite and there is no overlap be-
tween the normal and pathological ranges as
is sometimes the case with other methods.

Frequency of CSF gamma globulin changes
in relation to the duration and course of the
disease and to the evolutive state of disease at
the time of lumbar puncture. Yahr et al.28 were
unable to find any correlations between these
clinical parameters, on the one hand, and the
incidence of rises of gamma globulins in the
CSF on the other. Schapira and Park,% Ivers et
al.,’ Tourtellotte,! Tourtellotte and Parker,32
Prineas et al.,2® and Laterrel® are in accord
with Yahr et al.28

Our own present results agree with these
conclusions. It is necessary to bear in mind
that these results are merely statistical in na-
ture. Few patients have had repetitive lumbar
punctures throughout the course of their dis-
ease. Bradshaw?® disagrees with these conclu-
sions and is of the opinion that a fairly close

4

Fig. 4. Agar gel electrophoresis of whole
CSF proteins from the same case of sub-
acute sclerosing panencephalitis. Four gam-
ma bands (arrows). are clearly visible.
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relationship exists between the elevation of
the CSF gamma globulins and the clinical ac-
tivity of MS.

Frequency of CSF gamma globulin changes
in relation to degree of disability and diag-
nostic category. We have noted a good correla-
tion between these two clinical parameters
and the changes of CSF gamma globulins, in
agreement with Yahr et al,?8 Ivers et al.’?
Schapira and Park,® and Prineas et al.,2¢ who
all observed significant differences of the same
order. Bergmann et al.® did not share this
opinion. The relationships observed by Yahr
et al.,28 Tourtellotte,3! Prineas et al.,28 and our-
selves between the cell count and gamma
globulin changes are understandable since
gamma globulins are produced by lympho-
cytes and related cells.

Frequency of CSF gamma globulin changes
in other neurological diseases. 1t is not at all
surprising to find similar electrophoretic pat-
terns of gamma globulins in inflammatory dis-
eases of the nervous system. In our group, a
gamma pattern was present in 39.6% of the
cases studied. In the other groups of diseases,
the frequency of gamma globulin changes
ranged from 2 to 5.1% (Table 1). This inci-
dence suggests that the particular morphologi-
cal pattern of gamma globulins is not specific
for or pathognomonic of MS. In any intrathecal
inflammatory process it is possible to find the
same morphology. On the other hand, only a
few of our patients came to autopsy and, there-
fore, the possibility of some diagnostic errors
must be taken into account.

SUMMARY

CSF protein electrophoresis in agar gel was
performed in 2,043 patients. Among them, 323
patients were classified as having MS. The es-
sential feature of the gamma globulins in CSF
from MS patients and other inflammatory CNS
diseases resided in their restricted heterogene-
ity distribution. This peculiar electrophoretic
pattern occurs in 75.2 to 86.9% of MS patients,
depending upon the diagnostic category (pos-
sible, probable, or definite). The differences
were significant. In MS patients there was also
a positive correlation between the degree of
disability and the frequency of gamma pattern
when Grade I and Grade III were compared,
but no correlation was found between the du-
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ration and course of the disease on the one
hand and the CSF gamma globulin changes
on the other hand.

In the other patients, this frequency varied
between 2 to 5.1%, except for the group with
inflammatory CNS diseases in which it reached
39.6%. The diagnostic value of the method em-
ployed is discussed and emphasized.

The expert assistance of Miss H. Heulle is gratefully
acknowledged.
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