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Abstract

Multiple sclerosis (MS) is a central
nervous system demyelinating disease of
implicated autoimmune aetiology. The
effect was evaluated of intravenous gam-
maglobulin (IVIg), a successful therapy
in various autoimmune diseases, in
relapsing-remitting MS patients treated
for three years. IVIg treatment signifi-
cantly reduced the number and severity
of acute exacerbations and resulted in a
lesser neurological disability. There were
no significant short or long-term adverse
effects to IVIg treatment. To clarify the
putative therapeutic effects of IVIg, this
treatment was examined in the animal
model of experimental autoimmune
encephalomyelitis (EAE) in the rat. IVIg
suppressed active EAE in relation to
disease severity and duration, despite the
presence of T-cell reactivity to specific
antigens, while the treatment had no
effect on passive EAE induced by adop-
tive transfer of myelin basic protein
specific CD4 + T-cells. It is concluded
that IVIg treatment may be a promising
treatment in relapsing-remitting MS as
it can alter the natural course of the
disease.

Multiple sclerosis (MS) is the most common
central nervous system disease affecting the
white matter. Numerous immunological
abnormalities have been identified in patients
with MS including increased immunoglobu-
lin levels with oligoclonal bands in the CSF;
reduction in the number of suppressor T cells
(CD8) and loss of suppressor function; the
presence of activated T cells (CD4) in the
peripheral blood and the migration of inducer
effector cells into the central nervous system
to initiate the disease process; increased
cytokine production capable of amplifying
immune responses and mediating demyelina-
tion; enhanced expression of class II major
histocompatibility complex (MHC), which
results in increased immune reactivity; altered
autologous mixed lymphocyte responses on
myelin basic protein-coated target cells.!”

The alternations in both cellular and humoral
immune mechanisms in MS strongly suggest
that immunoregulatory mechanisms mediat-
ing suppression are disturbed in the disease.
Thus treatment with intravenous gamma-
globulins (IVIg) as non-specific modulators
of the immune response was suggested as a
strategy to alter the grave course of the dis-
ease. We have recently reported the beneficial
effects of IVIg treatment in relapsing-
remitting patients with MS.® The present
study summarises our long-term clinical
experience of IVIg treatment in relapsing-
remitting MS patients for three years. In
addition, we have investigated the mode of
action of IVIg in experimental autoimmune
encephalomyelitis (EAE), the animal model
for MS induced by either active immunisa-
tion with myelin-associated proteins or
adoptive transfer of syngeneic autoreactive
encephalitogenic T cells.’!°

Methods

CLINICAL STUDIES

The study was approved by the Medical
Ethics Committee on Clinical Investigations
of the Beilinson Medical Center, Petah-
Tiqva, Israel. All patients gave informed-
consent to participation in the study.

Patients

Twenty relapsing-remitting MS patients with
definite disease,!! were included in the study.
Selection of patients for participation in the
study is described in detail elsewhere.®
Briefly, the major inclusion criteria were: age
20-55 years; annual exacerbation rate of at
least two well documented exacerbations in
the two years before the study; a score no
higher than six (ambulatory with assistance)
on the Kurtzke Expanded Disability Status
Scale (EDSS)'?; emotionally stable and with-
out severe cognitive impairments; no cortico-
steroid therapy for at least a month, and/or
other immunosuppressive drugs during the
previous year before entering the study; nega-
tive history of anaphylaxis after previous
transfusions of blood or blood products; nor-
mal levels of IgA evaluated by plasma immu-
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noelectrophoresis. Randomly, ten patients
were assessed to receive IVIg treatment
[mean (SD) age 39-8 (10-5); range 21-53]
and 10 patients matched for age [41-4 (5-8);
range 36-54], disease duration [9-5 (7-3); 8
(4'9), respectively] and annual exacerbation
rate in the two years before the study, served
as controls.

IVIg treatment

IVIg (Gamimune N, Miles Inc, Cutter
Biological, Promedico, Israel) in a sterile
4-5-5-5% solution of human protein in
9-11% maltose, was given intravenously once
daily for five consecutive days at a dose of
0-4 g/kg/day at the beginning of the study.
Thereafter, patients were further treated
with booster doses of IVIg, 0-4 g/kg/day,
once every two months, for the next three
years.

Clinical evaluation

Patients were examined before starting the
study, and once every month thereafter.
Routine urinalysis, complete blood count and
chemistry, serological survey of HTLV-1,
HIV, and Hepatitis B, and immunoelec-
trophoresis were performed at entry to the
study and at each six month visit.

Evaluation of acute exacerbations

Patients were seen at times of suspected exac-
erbations, that is, when reporting the rapid
onset of new symptoms or a deterioration of
pre-existing symptoms that persisted for 48
hours or more. An event was counted as an
exacerbation only when the patient’s symp-
toms were accompanied by observed objec-
tive changes on the neurological examination
involving an increase of at least one grade in
the score for one of the eight functional
groups of the Kurtzke EDSS. Patients experi-
encing an acute exacerbation were evaluated
at frequent intervals, usually every week, until
a new, stable neurological base-line is estab-
lished.

Evaluation of severity of exacerbations

1) mild—change in one grade in the score for
one of the eight functional groups of the
Kurtzke EDSS; 2) moderate—change in two
grades in the score for one of the eight func-
tional groups of the Kurtzke EDSS or change
in one grade in the score for two of the eight
functional groups of the Kurtzke EDSS; 3)
severe—change in two grades in the score for
at least two of the eight functional groups of
the Kurtzke EDSS.

Treatment of acute exacerbations

Severe exacerbations were treated with intra-
venous methylprednisolone (1 gr/day) for five
consecutive days. Moderate relapses were
treated with oral prednisone (60 mg/day), for
five consecutive days. Mild exacerbations
were not treated.

EXPERIMENTAL STUDIES
Animals
Inbred Lewis. rats, six to eight weeks old,

were supplied by the Animal Breeding
Center, Weizmann Institute of Science,
Rehovot. Rats were matched for age and sex
in each experiment.

Active induction of EAE

Rats were inoculated subcutaneously in each
hind footpad with 25 ug of guinea-pig myelin
basic protein (BP) in complete Freund’s
adjuvant containing 40 ug of Mycobacterium
tuberculosis in 0-1 ml of oil.

Passive induction of EAE

Adoptive transfer of EAE was carried out
with 2 X 10° activated anti-BP CD4* K1 T-
cells per rat, administrated intraperitoneally.’

Clinical assessment of EAE

Clinical signs of EAE appeared 11-12 days
after active induction and five to seven days
after adoptive transfer. Degree of clinical
disease was scored as follows: 0—no signs;
1—loss of tail tonicity; 2—paralysis of
hind limbs; 3—paralysis of all four limbs;
4—quadriplegic animal in a moribund state.®®

IVIg trearment

Human IgG in a sterile 4-5-5-5% solution in
9-11% maltose, (Gamimune N, Miles Inc.,
Cutter Biological, Promedico, Israel), was
inoculated intravenously into a tail vein at a
dose of 0-4 g/kg per dose. Controls included
bovine serum albumin (BSA), at a dose of
0-4 g/kg/day, and Maltose 10%, 0-5 ml/day,
given intravenously. Treatment was given
from the day of disease induction (day 0)
until clinical signs appeared in the control

group.

Reinduction of EAE

Secondary induction of EAE was performed
one month after primary immunisation by
subcutaneous inoculation in each hind foot-
pad with 25 ug of guinea-pig BP in CFA con-
taining 40 ug of Mycobacterium tuberculosis
in 0-1 ml of oil.

T-cell proliferative responses

Ten days after active induction of EAE lymph
node cells were isolated from treated or con-
trol rats and incubated in flat-bottomed
microtitre plates in quadruplicate wells. Each
well contained 2 x 10° cells in 0-2 ml of pro-
liferation medium (Dulbecco’s modified
Eagle’s medium (DMEM), supplemented
with 1% syngeneic fresh rat serum, 5 X
10°M 2-mercaptoethanol, 2mM glutamine,
100 U/ml penicillin and 100 mg/ml strepto-
mycin), with the following antigens:
Mycobacterium tuberculosis, ovalbumin, BP,
and the encephalitogenic peptide 71-90, all
used at 10 ug/ml; Con-A, 2-5 ug/ml; BSA, 20
ug/ml. After 72 hours of incubation at 37°C
in a humidified atmosphere plus 10% CO,,
each well was pulsed with 1x4Ci of
[PH]thymidine for 16 hours. The cultures
were then harvested on fibreglass filters and
thymidine incorporation was measured using
a liquid scintillation counter. The prolifera-
tive response was expressed as cpm (SD).
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Figure 1  Effect of IVIg
on MS exacerbation rate.

Figure 2 Effect of IVIg
treatment on severity of
acute exacerbations.

Figure 3 Effect of IVIg
treatment on the EDSS.
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Statistical analysis

Student’s ¢ test, Chi-square and Spearman’s
correlation test were used to evaluate differ-
ences between the various groups.

Results

Effect of IVIg on MS acute exacerbations

The major effect of IVIg on exacerbation rate
was observed after the first year of treatment
(fig 1, table 1). The mean (SD) annual exac-
erbation rate (AER) decreased from 3-7 (1-2)
at baseline to 1 (0-7) (p < 0-001) after one
year of IVIg treatment, while in the control
group AER before the study remained
unchanged after one year [3-3 (1-4) and 3-0
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IVig Control
IVig Control
Total in 3 years n=23 n=68
Mild 26% (6) 17-6% (12)
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Severe 26% (6) 44.7% (30)
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Table 1 Effect of IVIg on acute exacerbations

Exacerbation rate  IVIg Control P value

Before treatment

Mean (SD) 37 (1-4) 3-3 (1-2)* 0512
year

Mean (SD) 1-0 (0-7) 3-0 (1:6) 0-002

2 years

Mean (SD) 0-8 (0-8) 2-1 (1) 0-005
years

Mean (SD) 0-5 (0-5) 1-7 (0-7) 0-001

p < 0-001, IVIg before treatment v one year.

(1-6) respectively, p = 0-279]. The AER was
similar in the two groups before treatment (p
= 0-512); however the decrease in the num-
ber of acute exacerbations in the IVIg treated
patients, resulted in a significant difference of
the AER (p = 0-002) between the groups
after one year. During the second and third
years of the study, IVIg treated MS patients
had significantly less exacerbations than
untreated patients. The mean (SD) AER in
the IVIg group after the second year was 0-8
(0-8) and in the control untreated patients
21 (1), p=0-005. The mean (SD) AER in
the IVIg group after the third year of treat-
ment was 0-5 (0-5) and 1-7 (0-7) in the con-
trol MS patients (p < 0-001). The annual
exacerbation rate was inversely correlated to
duration of IVIg treatment (r=0-74, p =
0-0002), and to the neurological disability
after three years (r = 0-7, p = 0-0005).

Severity of acute exacerbations was also
influenced by IVIg treatment (fig 2). The
majority of exacerbations in the IVIg treated
patients were mild to moderate, while in
untreated control patients most of the acute
exacerbations were moderate to severe (Chi-
square = 14-06, p = 0-007).

Effect of IVIg treatment on neurological disability
The mean EDSS score showed no significant
change by IVIg treatment, although the num-
bers were slightly higher in the control
untreated group at one and three years com-
pared with baseline. The mean (SD) change
in EDSS (4EDSS) calculated per patient
showed a trend of lessened disability in the
IVIg group at the one year endpoint [AEDSS
= —-0-3 (0-58)] compared with the control
group [4EDSS =0-2 (1-0), p =0-182]. At
the three year endpoint the 4EDSS became
significant between the two groups; in the
IVIg group 4EDSS was 0-35 (0-58), com-
pared with 1-7 (0-98) in the control untreated
patients (p = 0-001).

Correlation between the change in acute
exacerbations and neurological disability from
baseline to the end of three years in each
patient, clearly showed that in IVIg treated
MS patients the reduction in the number of
acute exacerbations was correlated to a lesser
neurological disability, while the opposite
occurred in the untreated control group
(fig 3).

Effect of IVIg treatment on actively induced EAE
In IVIg treated animals, only 70% of rats
developed EAE with no mortality, while in
untreated rats all animals developed EAE
with a mortality rate of 30% (table 2, fig 4).
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Figure 4 Effect of IVIg
treatment on the
development of
experimental autoimmune
encephalomyelitis in rats.

Figure 5 Effect of IVIg
treatment on the
development of passively
induced experimental
autoimmune
encephalomyelitis in rats.

Achiron, Gilad, Margalit, Gabbay, Sarova-Pinhas, Cohen, Melamed, Lider, Noy, Ziv

Table 2  Effect of IVIg treatment on actively induced EAE

Ewvaluation of clinical symp of EAE
Reinduction

% Incidence Maximal (SD) _
Treatment (No of rats) % Mortaliry Onset (day) Duration (days) EAE score % Incidence
None 100 (40) 30 12 9 30 (1-4) 0/5
Maltose 10% 100 (10) 20 11 9 2:9 (1-5)° ND
BSA 100 (10) 0 12 9 2:8 (1-2)° ND
IVIg 70 (40) 0 12 7 1-6 (0-98)* 0/5

Following induction of EAE, rats were either untreated or treated with IVIg, 10% maltose or BSA. Reinduction was done one

month after primary induction of EAE.
*p—p < 0-05 v untreated group.

*p-not significant.

ND-not determined.
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In the IVIg treated rats EAE was mild. The
mean maximal EAE score was 1-6 compared
with 3-0 in untreated animals (p < 0-05).
Duration of EAE was shorter in the IVIg
treated rats, seven days compared to nine
days in untreated animals. Onset of EAE was
not affected by IVIg treatment. The severity
of disease in MBP-immunised rats treated
with 10% maltose or BSA was similar to the
results of untreated animals.

Antigens
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¢ |Vig
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BSA
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Figure 6 Effect of IVIg treatment on lymph node T-cell
response.

Effect of IVIg treatment on passively induced
EAE

IVIg had no effect in the treatment of
passively induced EAE (fig 5), in relation to
onset, duration and severity.

Effect of IVIg on reinduction of EAE

Rats treated with IVIg were resistant to
reinduction of EAE and did not develop
secondary disease (table 2). Thus IVIg treat-
ment induced suppression but did not
prevent the acquisition of resistance.

T-cell proliferative responses

The proliferative responses of lymph node T-
cells to Con-A, ovalbumin and BSA were not
affected by IVIg treatment. However, anti-
gen-specific proliferative responses to BP and
the 71-90 encephalitogenic peptide were
increased in rats treated with IVIg compared
with untreated controls (fig 6). Thus EAE
suppression by IVIg treatment was associated
with a strong T-cell response to the target
encephalitogenic peptides.

Discussion

The results of this study indicate that IVIg is
well tolerated and has beneficial effects on the
course of relapsing-remitting MS. Over a
period of three year treatment, IVIg had sig-
nificant effects on exacerbation rates, severity
of exacerbations, and neurological disability.
The major reduction in exacerbation rate was
observed after the first year of IVIg treatment,
and persisted during the next two years of
therapy. The high exacerbation rate in the
patients with MS that entered this study,
enabled effective evaluation of IVIg treat-



ment, in spite of the small number of patients
included. The decrease in exacerbation rate
in the untreated group may be related to the
natural course of the disease, reduced stress
as a result of participation in a study protocol,
or corticosteroid therapy during acute
moderate and severe exacerbations. After
three years the reduced exacerbation rate in
IVIg treated MS patients was correlated with
lesser neurological disability, while untreated
patients had more exacerbations and
increased EDSS score. The beneficial effects
of IVIg were also evident in the animal model
of EAE. IVIg suppressed active induction of
EAE, while it had no effect on passively
induced disease. Thus it appears that IVIg
can alter immune response before T-cell acti-
vation. The results of increased proliferative
T-cell responses to target antigens along with
active EAE suppression suggest that the
mechanism by which IVIg alter the natural
course of the disease is not through inhibition
of T-cell proliferation. This is further sup-
ported by the results of secondary EAE
induction, where no disease developed,
implying that IVIg suppression of primary
induction had no effect on the acquisition of
resistance.

In conclusion, the use of IVIg in relapsing-
remitting MS has a significant beneficial
effect on the natural course of the disease
over time. Though the mechanism by which
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IVIg modulates the immune system is not yet
clear, it probably involves T-cell interactions
during the active phase of the disease.
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