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Studies of cytokines in multiple sclerosis (MS) have shown that immune mechanisms connected with disturbance of the synthesis of cytokines
probably play critical roles in the initiation and prolongation of MS. In a double-blind, placebo-controlled trial, 45 patients with active secondary
progressive MS were randomized to three groups of |5 patients, each receiving a short course of antibodies to IFN-y, to tumor necrosis factor
(TNF)-0, or a placebo. After 12 months with analysis of disability (Expanded Disability Status Scale scores), accompanied by interval determinations
of lymphocyte subpopulations, cytokine production levels, MRI, and evoked potentials, it was found that only patients who received antibodies to
IFN-y showed statistically significant improvement compared to the placebo group—a significant increase in the number of patients without
confirmed disability progression. This was supported by MRI data (a decrease in the number of active lesions) and systemic changes in cytokine
status (a decrease in IL-1 5, TNF-o, and IFN-y concentrations in supernatants of activated blood cells of these MS patients and an increase in TGF-
p production). Neutralization of IFN-y could be a new approach to treating secondary progressive MS. Long-term administration of humanized

monoclonal antibodies to IFN-y and simultaneous use of antibodies to IFN-y together with IFN-f products are planned.

Multiple Sclerosis (2001) 7, 277-284

Keywords: multiple sclerosis; anti-interferon-y; anti-tumor necrosis factor-o; cytokines

Introduction

Multiple sclerosis (MS) is a demyelinating disease of the
central nervous system (CNS). The pathological process
in brain tissue during MS is thought to be the result of
chronic, mainly cell-mediated, autoimmune reactions
directed against numerous myelin and possibly other
endo- and exogenous antigens. Studies of cytokines in
MS patients indicate that several immune mechanisms
connected with the disturbance of the synthesis of these
cytokines, particularly of interferon (IFN)-y, probably
play critical roles in the initiation and prolongation of
the pathological process in MS.! For this reason, the
cytokine system is the target for numerous immunomo-
dulating approaches to treating MS, both in experi-
mental models and in clinical trials. More than 20 years
ago one of us proposed that the development of
autoimmune diseases was connected with the distur-
bance of the synthesis of certain cytokines and that the
removal of these cytokines could be therapeutic.? The
first successful anti-cytokine therapy was performed in
1975 in patients with severe rheumatoid arthritis.? Later
it was proposed to treat MS by anti-cytokine therapy.*
Disease-modifying treatment of relapsing —remitting MS
with IFN-$ products became a great achievement in MS
care.” Recent data on the use of IFN-f in treating
secondary progressive MS are promising,® but the
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treatment of secondary progressive MS where the
degenerative process might be irreversible still remains
a great problem.

Cytokines are low-molecular weight soluble proteins
involved in signaling between cells of the immune
system. They are released by leukocytes as well as other
cell types, including cells of the CNS, and modulate both
local and systemic immune reactions.” MS is postulated
to be a Th1 type cell-mediated autoimmune disease.
Cytokines upregulating cellular immunity and pro-
duced at least by monocytes (interleukin-1 [IL-1], tumor
necrosis factor-o [TNF-«]) and by Th1 helpers (IL-2, IFN-
7, lymphotoxin or TNF-f) are believed to contribute to
propagating the pathological process and tissue injury in
MS, while cytokines produced by Th2 cells (IL-4, IL-10)
have been shown to suppress Thil-cells and cell-
mediated immunity. Th3-cells can also participate in
Th1 suppression, producing transforming growth factor-
f (TGF-f). Human endogenous retroviruses (HERVs)
have been detected in patients with MS,? schizophre-
nia,” and certain other autoimmune diseases and may
play a causative role in these diseases. Activation of this
retrovirus could lead to the production of significant
amounts of IFN-y, which may directly damage central
and peripheral nerve cells and lead to neurological
autoimmune diseases.

One possible mechanism for the action of IFN-f in
MS may be through its inhibition of IFN-y-induced
immune activation."
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Anti-cytokine therapy remains one of the most
exciting directions in immunomodulation in MS."
We report results of one of the first trials of antibodies
to the pro-inflammatory cytokines TNF-o and IFN-y in
secondary progressive MS.

Methods

Antibodies

Healthy female goats were immunized with recombi-
nant IFN-y or recombinant-TNF-z (Peprotech) until
titer of the plasma reached 7 x 10* and 8 x 10* IU/ml
respectively. The goats were plasmapheresed and the
plasma was pooled. IgG was isolated and purified. The
final concentration of the antibody was 8 x10* u/ml
and 9x10* IU/ml respectively (ELISA). It was ali-
quoted to 2 ml/vial. Each ml of preparation consisted
of 48-50 mg of protein.

Placebo

Commercial albumin from an American blood bank
was used. Each ampoule of albumin consisted of 2 ml
(50 mg of protein/ml).

Patients

A total of 45 patients with definite MS were enrolled in
a randomized, double-blind, placebo-controlled, paral-
lel group study. All subjects gave written informed
consent to participation in the study. The study was
approved by the institutional research ethics commit-
tee. The inclusion criteria were: (1) clinically definite
MS according to Poser criteria’* that followed a
secondary progressive course; (2) with active disease,
i.e., showing deterioration of at least one point on
Kurtzke’s Expanded Disability Status Scale (EDSS)
within 12 months prior to enrolment; (3) age 18—-50
years old; (4) EDSS score between 3.0 and 7.0 at
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selection; (5) negative skin test to goat protein.
Exclusion criteria included: (1) substantial cognitive
impairment that could have compromised the patient’s
ability to give informed consent; (2) moderate or severe
diseases other then MS; (3) primary progressive or
relapsing—remitting MS; (4) duration of secondary
progression shorter than 1 year (to be sure of the
progression) and longer than 5 years (to minimize the
influence of irreversible degenerative changes); (5)
present or planned pregnancy; (6) receiving or having
received in the last 12 months any immunosuppressive
drugs, interferons or copaxone; (7) use of corticoster-
iods in the 4 weeks before the first visit; (8) previous
exposure to any product containing goat proteins; (9)
inability to undergo MRI scanning or immunological
investigation; and (10) positive skin test to goat protein.
Forty-five patients were randomized using tables of
random numbers. Patients with early active secondary
progression as a rule with relapses (i.e., with steady
progression between relapses) were selected as the
target for the trial (Figure 1).

Treatment protocol

The treatment of the patients, the handling of any side
effects and adverse events, and the evaluation of
clinical parameters were performed by qualified
blinded neurologists, whenever possible by the same
physician. Assessing physicians were different from
those treating. Patients were randomized to three
groups, 15 in each, using a book of random numbers.
The first group of patients received antibodies (AB) to
TNF-«, the second—AB to IFN-y; and the third—
placebo. The randomization was controlled by a
statistician, and the type of treatment received by
each patient was kept concealed from the physician
and patients. All antibodies were produced and
supplied by Advanced Biotherapy Inc. (USA) in

¥~ MS patients with early
secondary progression

v

Nornal

Time

Figure 1 Selection of patients with early secondary progressive MS
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identical-looking vials. Albumin, packaged the same
way as the AB, was used as a placebo and diluted in
the same manner. Purified (IgG) goat polyclonal AB
were diluted in sterile, distilled water for injections
and administered twice a day intramuscularly (i.m.)
daily for 5 consecutive days. Syringes for injection of
the ABs were prepared to be identical in appearance
and administered by teams separate from the preparer
and from the evaluating physician. The safety of this
regimen was demonstrated in a previous trial.*'®
Among adverse effects were a flu-like syndrome with
fever and headache in one patient who received AB to
TNF-a (6.7%) and mild local skin inflammatory
reactions (no necrosis was registered)—in three cases
who received AB to TNF-a (20%); in two—AB to IFN-y
(13.3%); and one—placebo (6.7%). No changes in liver
enzymes or other hematological or biochemical char-
acteristics were seen during the short course of AB or
after it during the observation period. The side effects
were never a reason for halting treatment. During the
observation period, four patients dropped out because
they started treatments with products of IFN-$: two
from the group who received AB to TNF-u (after 8 and
10 months of follow-up) and two from the placebo
group (after 7 and 8 months of follow-up). These cases
cannot be analyzed as treatment failures since,
independently of the treatment results, these patients
at this point found money for the payment of the
treatment previously shown to be effective in second-
ary progressive MS. All these patients were included
in the analyses for the previous time points (Figure 2).

At selection, all patients underwent a medical
examination, including a neurological examination.
Visual and brainstem auditory evoked potentials and
an MRI study were performed and blood was taken for
immunological investigation. Follow-up obligatory
visits were at 1, 3, 6, and 12 months. At each visit a

45 patients with definite MS
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repeat neurological examination was done and blood
was taken for hematological and biochemical examina-
tion. In addition, at the 1-month visit, immunological
and electrophysiological examinations were performed
and at the 6-month visit—MRI and immunological
examinations as well. Every patient had both MRI
examinations according to universal strict protocol.**
Five-mm axial slices were obtained, repositioning
based on standardized anatomic landmarks, proton
density and T2-weighted fast spin-echo sequence
before contrast, axial T1-weighted spin-echo sequence
after injection of gadolinium (obtained 10 min after
0.1 mmol/kg of intravenous (i.v.) gadolinium-DTPA).
Scans were analyzed by the same blinded radiologists.
The numbers of hyperintensive lesions at T2-weighted
scans and the number of enhancing lesions at T1-
weighted scans were measured. Studies of visual (VEP)
and brainstem auditory evoked potentials (BAEP) were
performed according to universally accepted proto-
col.*® If the clinical status of patients worsened, they
were able to visit out of order. In cases where an
increased EDSS score was seen at a scheduled visit
between months 3 and 12, patients were asked to come
again 1 and 3 months later to confirm EDSS
progression. During the observation period, MS
patients visited their consulting neurologist from five
to 10 times (including baseline).

The primary outcome measure was the number of
patients without confirmed progression in disability as
measured by an increase of at least 1.0 level on EDSS,
sustained for at least 3 months, exclusive of any
exacerbation. Secondary outcome measures were
selected as: time without confirmed progression,
number of relapses, number of patients free of
relapses, number of active lesions on T1 MRI scans,
changes in parameters of VEP or BAEP. During the
follow-up, patients received corticosteroids if they had

baseline (neurological, immunologic,
biochemical, VP, MRI)

one month (neurological,
immunologic, biochemical, VP)

three month
(neurological, biochemical)

six month (neurological,
immunologic, biochemical, VP, MRI)

twelve month
(neurological, biochemical)

Note: Drop-outs - two patients from the group receiving AB to TNFa. (after 8 and 10 months), and two

patients - placebo (after 7 and 8 months)

Figure 2 Profile of the study, obligatory visits, and investigations
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relapses with severe deterioration. This treatment did
not lead to exclusion from the study.

Immunological investigation

All subjects had their blood drawn between 09.00 and
11.00 h. After gentle mixing with an equal volume of
Ca**/MG*-free Hank’s balanced salt solution (HBSS,
Sigma), blood was centrifuged with Ficoll-Paque
(Pharmacia) at 400 g for 40 min at room temperature.
Buffy coats of mononuclear cells between Ficoll and
HBSS layers, carefully transferred with sterile pipettes
into centrifuge tubes, were spun at 800 g for 10 min at
4°C three times. After cell counting of lympho/
monocytes in an RPMI-1640 medium (with addition
of 10% fetal calf serum (Sigma), 2 mm L-glutamine,
50 u/ml gentamicin), they were cultivated for 48 h
with PHA (final concentration 5 pug/ml, Sigma). Super-
natants were collected and kept at —20°C until
analysis. Concentrations of cytokines were measured
by a standard ELISA technique'” with kits for IFN-y
and TGF-p (RD, USA), IL-1p, IL-2 and IL-6 (Sigma,
USA) and TNF-« (Protemov1y Kontur, Russia) accord-
ing to manufacturer’s guidelines. Due to technical

reasons, the assay for levels of IL-1, IL-2, and IL-6
production was done for only nine patients from the
AB to IFN-y group and nine from the AB to TNF-x
group, and for 10 patients from the placebo group.
Study of the cell subpopulations was performed using
flow cytometry (Becton-Dickenson) with mAB to CD3,
CD4, CD8, CD29 and CD16 (all from Becton-Dick-
enson).

Statistical evaluation

Statistical evaluation was performed using SPSS and
EPI INFO packages and included different methods of
parametric and non-parametric statistics.

Results

Baseline characteristics of all groups did not differ
significantly (Table 1). The number of patients free of
progression was lower in the group who received AB
to IFN-y (Figure 3). The difference between patients
who received AB to IFN-y and placebo became
significant 9 months after the short treatment course
(12/15 vs 3/13, x*=6.92, P=0.008 with Yates correc-

Table 1 Baseline clinical-demographic characteristics of MS patients included in the study

All AB to TNF-u AB to IFN-y Placebo
Characteristics (number of patients) (n=45) (n=15) (n=15) (n=15)
Age (years): mean +s.e. (range) 38.54+1.62 38.33+2.46 38.93+1.95 38.80+2.23
(22—-54) (22-51) (25—-49) (24—-54)
Age of onset (years): mean +s.e. (range) 27.71+1.72 27.93+2.40 27.47+1.69 27.53+2.11
(15—-44) (15—-44) (20-41) (16—42)
Gender (w/m) 23/22 9/6 7/8 7/8
Disease duration (years): mean +s.e. (range) 11.31+1.18 10.67 +1.84 11.71+1.73 11.274+1.65
(4-30) (4-30) (4—24) (4-27)
Duration of secondary progression (years): 2.65+0.17 2.834+0.37 2.46+0.29 2.53+0.27
mean ts.e. (range) (1-5) (1-5) (1-5) (1-5)
EDSS: mean+s.e. (range) 4.1840.19 3.974+0.29 4.474+0.30 4,13+0.43
(3.0-7.0) (3.0-6.0) (3.0-6.5) (3.0-7.0)
sFS: mean +s.e. (range] 13.97+0.67 14.13+1.09 15.33+0.68 12.80+0.87
(8—21) (8—21) (10-20) (8—18)

AB, antibodies; s.e., standard error

B AB to INFg
AB to TNFa
O placebo

number of patients

12 months

9 months

1 month 3 months 6 months

Figure 3 Number of patients without confirmed EDSS progression for 12 months
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tion), and still remained significant 12 months later (7/
15 vs 1/13, P=0.038 in Fisher two-sided test), while the
number of such patients in the subgroup who received
AB to IFN-y decreased from the 9- to 12-month time
points. No significant difference with patients who
received AB to TNF-o were seen. The difference
between groups was confirmed by Kaplan-Meier
analyses, showing significantly less probability for
these patients to progress in disability during the
observation period. The time without progression in
comparison to the placebo group (5.93 +0.94 months)
was significantly longer (9.0+1.06 months, P=0.042)
for the AB to IFN-y group, but not for the AB to TNF-«
group (7.33+1.05 months, P>0.05). It is important to
notice that after 3 months, the group of patients who
received AB to IFN-y were divided into two sub-
groups —the majority had a less active MS course and a
stable or better EDSS, while there were several patients
who still had active disease with an increase in EDSS
score. Altogether, eight relapses during 12 months
were registered in the placebo group (six had to be
treated with corticosteriods), seven in the AB to TNF-«
group (five were treated with corticosteroids) and five
in the AB to IFN-y group (all were treated with
corticosteroids). Thus, while there was a clear decrease
in these numbers for the AB to IFN-y group, neither
the number of relapses, nor the number of corticoster-
oid courses differed significantly between groups. The
difference in the number of patients free of relapses
during the 12-month period also did not reach
statistical significance (for the 12-month time point,
10/15 in the AB to IFN-y group and 6/13 in the
placebo group, P>0.05).

The positive trend in the whole group who
received AB to IFN-y was confirmed by MRI (Table
2). At baseline, all groups had similar MRI scans
characteristics. Six months later the total number of
T2-lesions was also similar, while the significant
reduction in the numbers of MRI active lesions
(P<0.05) was seen only in the group who received
AB to IFN-y. There were no significant changes in
parameters of VEP or BAEP in all groups, either in
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comparison to placebo or to baseline level (data not
shown).

Results of the immunological studies are shown in
Table 3. At baseline all patient groups had similar
lymphocyte sub-population ratios and levels of cyto-
kine production. The exceptions were an elevated
CD4/CD8 ratio and percentage of CD29*-cells in the
AB to IFN-y group and a percentage of CD16*-cells in
the AB to TNF-o group. One month later a significant
decrease in levels of TNF-«, IFN-y, and IL-1f produc-
tion as well as an increase in TGF-§ production was
seen in the group who received AB to IFN-y. Patients
in this group also had a decrease in the CD4/CD8 ratio
compared to baseline and an increased percentage of
CD16*-cells compared to the placebo group (insignif-
icant changes in cell subpopulations were excluded
from the table). Neither patients in the AB to TNF-u
group, nor patients who received a placebo had
significant changes in cytokine production. All
changes in the group who received AB to IFN-y
became less prominent 6 months later.

Discussion

This is one of the first attempts to use antibodies to
cytokines for the treatment of MS. In this preliminary
study we have shown that patients who received
antibodies to IFN-y had a significant decrease in the
production of several pro-inflammatory cytokines, and
this was associated with a better course of the MS
and with less activity on MRI 6 months after
treatment. It is interesting that this effect was found
only in patients who received antibodies to IFN-y, but
not antibodies to TNF-u. Positive clinical changes at 6
months were supported by MRI data showing a
decrease in the number of active enhancing lesions.
MRI has been suggested as a sensitive measure of the
pathological process in MS. Serial MRI studies have
shown that frequent asymptomatic disease activity
occurs as evidenced by a much higher number of
active lesions as revealed by MRI scans than clinical
relapses.’®*?

Table 2 Characteristics of T2 and enhancing lesions on MRI in different treatment groups at baseline and 6 months later

AB to TNF-u AB to IFN-y Placebo
Characteristic (n=15) (n=15) (n=15)
Baseline
Number of T2-lesions: mean +s.e. (range) 16.27 +2.07 18.93+3.02 14.73+2.51
(7-30) (6—40) (4-32)
Number of enhancing lesions: mean +s.e. (range) 2.204+0.46 2.474+0.56 1.934+0.51
(0-6) (0-7) (0-8)
Six months later
Number of T2-lesions: mean +s.e. (range) 17.07+2.29 19.20+2.69 16.60+ 3.04
(6—136) (5—40) (3—-38)
Number of enhancing lesions: mean +s.e. (range) 2.0+0.51 1.274+0.33* 2.334+0.60
(0-6) (0—4)** (0-9)
Patients without new enhancing lesions 8 (53.3%) 13 (86.7%)* 6 (40%)

*Difference from placebo group with P<0.05; **Difference from baseline with P<0.05
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