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Abstract. Oligoclonal IgG bands were demonstrated in the cerebrospinal fluid of guinea
pigs with experimental allergic encephalitis before clinical signs developed. No bands were
found in the serum of these animals nor were bands found in the CSF or serum of control
animals. Immunofixation techniques demonstrated that the bands were immunoglobulins of

the y G class.

Experimental allergic encephalitis (EAE)
is an acute neurological disease which can
be produced in guinea pigs, rats, and other
animals by injection of brain tissue or ex-
tracts from brain tissue such as myelin
basic protein in complete Freund’s adju-
vant. The disease has been proposed as a
possible experimental model for multiple
sclerosis (MS) (1). The presence of oligo-
clonal IgG bands in the cerebrospinal fluid
(CSF) of patients with MS is one of the
most common immunological findings in
this disease (2). Most patients with optic
neuritis, acute herpes encephalitis, Ep-
stein—Barr encephalitis, subacute scle-
rosing panencephalitis, and neurosyphilis
also have bands present (3—5). Oligoclonal
IgG is present in some patients with Guil-
lain—Barre, myasthenia gravis, and Par-
kinson’s disease but is not present in normal
individuals (3, 6, 7). We report here the
occurrence of oligoclonal IgG in the spinal
fluid of guinea pigs with EAE.

Materials and Methods. Guinea pig my-
elin basic protein (BP) was prepared as pre-
viously described (8). Adult strain 13 guinea
pigs were sensitized by injection of 0.7 mg
BP in complete Freund’s adjuvant (3.5 mg
of heat-killed mycobacteria (H;,R,) total) or
0.1 mg BP in complete Freund’s adjuvant

! To whom all correspondence should be addressed.

(0.1 mg of heat killed mycobacteria) in five
sites in the nuchal region and in each hind
foot pad. Injection of this material causes
EAE in 100% of strain 13 guinea pigs within
21 days. At the time CSF was obtained
(Day 11) none of the guinea pigs had devel-
oped clinical signs of disease and no cir-
culating antibodies to BP were detectable
(9). Control animals were injected with
either the same emulsion containing no BP
or with an emulsion containing BP but no
mycobacteria. None of the control animals
displayed any clinical signs of EAE.

The guinea pigs were anesthetized using
ether inhalation for cisternal puncture. The
cisternal subarachnoid space was entered
with a 23-gauge needle and the sample was
allowed to fill the needle. CSF samples
from control and EAE animals were cen-
trifuged in a Beckman microfuge at 10,000
rpm for 2 min and carefully transferred to
conical plastic vials and stored at —20°;
only samples with no evidence of hemolysis
or red cells were included in this study.
Blood was obtained by cardiac puncture
and was allowed to clot at room tempera-
ture. The sample was centrifuged and
serum was stored at —20°.

A modification of the SDS-—polyacryl-
amide gel electrophoresis was used for
the determination of oligoclonal IgG (10).
With this new method it is possible to test
unconcentrated CSF. Briefly, the electro-
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phoresis was carried out in vertical gel
slabs. Acrylamide content of the stacking
gel was 5% and the separating gel was 9%.
Samples (50 ul of unconcentrated CSF or
serum diluted 1:200) were prepared for
electrophoresis by mixing 10 parts CSF or
diluted serum with one part buffer (70% su-
crose, 10% SDS, and bromophenol blue as
dye). These specimens were placed directly
on the stacking gel with no further treat-
ment. We tested CSF samples from EAE
and control animals with comparable IgG
concentrations, i.e., 3 ug of IgG contained
in 50 ul CSF. Oligoclonal bands were de-
tected in EAE animals while no bands were
found in control animals. These results in-
dicate that the appearance of oligoclonal
bands is independent of the IgG concentra-
tion. Purified guinea pig IgG were used as
controls. After electrophoresis with a con-
stant current of 10 to 30 mA per gel for 3—4
hr, the slabs were removed and stained for
protein with Coomassie brilliant blue. Two
or more bands in the IgG region were con-
sidered positive.

Immunofixation of IgG was done on the
gel surface. Strips of cellulose acetate
membrane were impregnated by soaking in
the appropriate undiluted antiserum (anti-
guinea pig IgG heavy and light chains, H &
L) prepared in goat (Cappel Laboratories).
The gels were overlaid with the strips for 2
hr in a moisture chamber at 4°. Antibody
excess was carefully washed out overnight
in phosphate-buffered saline (PBS) (pH 7.2)
at room temperature. To detect the reaction
between the oligoclonal IgG and specific
immune sera, the washed gel was incubated
with peroxidase conjugated rabbit anti-goat
IgG (Miles-Yeda LTD, Israel) for 2 hrin a
moisture chamber at 4°. The gel was
washed overnight with frequent changes of
PBS (pH 7.4) and reacted with diaminoben-
zidine (11). The enzymatic reaction was
stopped by washing with cold tap water
when color developed in the gel. The dark
brown bands demonstrated by this tech-
nique confirmed the presence of IgG bands.
Side-by-side comparisons were done on
identical samples in which one lane was
stained with Coomassie brilliant blue and
another lane with peroxidase-conjugated
antisera, to prove that IgG was present.

273

Results. A modified SDS-polyacryl-
amide electrophoresis method was used
to detect oligoclonal bands in the uncon-
centrated CSF of guinea pigs in which EAE
was induced. The animals were clinically
well at the time they were studied. With the
sensitizations used clinical signs of EAE
are observed by 21 days after inoculation.
Oligoclonal IgG bands were observed in the
CSF of all 14 guinea pigs obtained 11 days
after inoculation with 0.7 mg BP (Table I).
Three bands were detected in 5 and two
bands in 9 guinea pigs using this concentra-
tion (Fig. 1). Two oligoclonal bands were
also found in three of four guinea pigs
which were inoculated with 0.1 mg BP.
These results suggest that the variation in
BP concentrations did not affect the ap-
pearance of oligoclonal bands in these ani-
mals. None of the control guinea pigs had
detectable components in the IgG region of
the CSF.

The electrophoretic pattern of the sera of
the inoculated guinea pigs showed no dif-
ference when compared to the control
groups; all of the sera were considered to
have no oligoclonal IgG (Table I).

The globulin class of the oligoclonal
bands was determined by immunofixation
with purified anti-guinea pig IgG heavy and
light chain-specific sera. The localization of
the color in the approximate IgG area was
observed in all samples showing specific
oligoclonal IgG patterns (Fig. 1); those
without oligoclonal IgG were negative. This
confirmed the class of the oligoclonal IgG.

Discussion. Oligoclonal IgG bands were
demonstrated in the CSF but not in the sera
from 17 of 18 guinea pigs inoculated with
myelin basic protein in complete Freund’s
adjuvant. The observation that oligoclonal
IgG did not occur in the CSF of any of the
control animals shows an association with
EAE. Staining with anti-guinea pig IgG
heavy and light chains confirmed the spec-
ificity of the bands as IgG. The appearance
of oligoclonal IgG in the CSF of basic
protein-sensitized guinea pigs before the
onset of EAE suggests that this antibody
may contribute to the pathogenesis of the
disease. Similar oligoclonal bands were
found in three of four guinea pigs and re-
ported in an abstract by Rostami (12).
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TABLE I. DEVELOPMENT OF OLIGOCLONAL BANDS IN CSF oF GUINEA P1GS SENSITIZED WITH
Basic PROTEIN IN COMPLETE FREUND’S ADJUVANT

GP with
oligoclonal bands
GP sensitization No. of

BP (mg)/MTbc (mg) animals CSF Sera

EAE 0.7/3.5 CFA 14 14 0
0.1/0.1 CFA 4 3 ND

Controls 0/0 — 1 0 0

0/3.5 CFA 6 0 0

0.7/0 IFA 7 0 0

0.1/0 IFA 2 0 0

Note. Abbreviations used: CFA, complete Freund's adjuvant; IFA, incomplete Freund’s adjuvant; BP, basic
protein; GP, guinea pig; MTbc, mycobacteria; ND, not done.

Oligoclonal bands were also detected in
brain extracts and CSF of guinea pigs with
chronic relapsing experimental allergic en-
cephalitis (R-EAE) (13). It will be important
to determine the antigenic specificity of the
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FiG. 1. Oligoclonal IgG in CSF of guinea pigs in-
oculated with basic protein in complete Freund’s adju-
vant (BP-CFA). SDS—PAGE electrophoresis of CSF,
(a) CSF of guinea pig inoculated with 0.7 mg BP-CFA;
(b) CSF of control guinea pig; (c) CSF of guinea pig
inoculated with 0.1 mg BP-CPA; (d) immunofixation
with an indirect peroxidase assay in CSF from guinea
pig inoculated with BP-CFA. Note: The discrete
oligoclonal bands (arrows) are in the IgG area. The IgG
concentrations of CSF samples a, b, ¢, were similar,
i.e., 3 ug IgG contained in 50 ul CSF.

oligoclonal IgG in the sensitized guinea pigs
since this finding may clarify the possible
role of the IgG in these animals and may
contribute to an understanding of the im-
portance of oligoclonal IgG in MS.

A recent study of CSF and serum from
rabbits with EAE showed oligoclonal IgG
bands in some of these animals (14). The
animals were tested prior to sensitization
and at the time of development of clinical
disease. A few rabbits had bands in their
CSF and/or serum prior to sensitization. Of
11 rabbits given whole nervous tissue, 7 de-
veloped new bands in their serum and CSF.
The absence of bands in the CSF of some of
the animals in these studies and presence of
bands in the serum may relate to the dif-
ferent species of animals studied or the
collection of specimens at the time of ap-
pearance of symptoms. Our animals were
sampled prior to development of symptoms
and bands were always present in the CSF
but not the serum. Serial studies of sen-
sitized animals will have to be conducted to
determine the time of appearance of bands.
Another study (15) demonstrated anti-BP
activity in the oligoclonal bands in serum
and CSF from rabbits with EAE.

The use of the modified stacking poly-
acrylamide gel electrophoresis permitted
the tests in this study to be carried out with
50-ul samples of unconcentrated CSF ob-
tained by cisternal puncture. In the prepa-
ration of specimens for electrophoresis, the
procedure avoided disruption of the IgG
molecules to subunits as well as prevented
IgG from aggregating during storage. This
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was done by mild treatment with SDS
which did not break it down to the con-
stituent light and heavy chains. Bands are
only present in the IgG region. This was
further confirmed by using marker proteins
of known molecular weight and by im-
munofixation with antibodies to guinea pig
IgG heavy and light chains. The concentra-
tions and defined porosity of the stacking
and separating gels used for these studies
did not permit entry of dimeric IgG (~ mol
wt = 340,000 daltons) or IgM (~ mol wt =
900,000 daltons). The oligoclonal bands
were the result of increased production of
IgG by certain clones of plasma cells. The
bands appear as distinct lines, sometimes
with a background of diffuse polyclonal
IgG. The SDS treatment modifies the IgG
to permit it to enter the gel and migrate as a
single entity. The IgG, however, is not irre-
versibly denatured because it can be eluted
from gels without loss of functional capa-
bility. Thus, this procedure should be use-
ful to study small serial samples from indi-
vidual animals.
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