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ARTICLE INFO ABSTRACT

Keywords: Multiple sclerosis (MS) is an unpredictable autoimmune disease, which causes neurodegeneration in the central
Chemokine nervous system. Since the main cause of MS remains obscure, in this study, we aimed to evaluate the serum
Cytokine levels of some cytokines, including interleukin-5 (IL-5), IL-8, IL-9, IL-17A, transforming growth factor-beta (TGF-

Glatiramer acetate
Interferon-
Multiple Sclerosis

B), and interferon-gamma (IFN-y) in relapsing-remitting (RR)-MS patients, treated with IFN-3 and glatiramer
acetate (GA). Serum samples of RR-MS patients, treated with high-dose IFN-B1a, low-dose IFN-B1a, IFN-31b, and
GA, were assessed by ELISA assay and then compared with the results of treatment-naive patients and healthy
controls. The findings showed that the serum levels of IL-8, IL-9, and IFN-y in treatment-naive patients were
significantly higher than the healthy controls, while there was no significant difference in terms of other cy-
tokines between the groups. A significant reduction was observed in the levels of IL-9 and IFN-y, while there was
a significant increase in TGF-f level among patients treated with GA. IFN-B1b resulted in a significant decline in
the levels of IL-9 and TGF-P. In addition to these findings, some cytokines were positively correlated in different
groups. Overall, the present results support the inflammatory and aggravating effects of IL-8, IL-9, and IFN-y on
MS. Furthermore, based on the results reported in the GA treatment group, we suggest GA as an effective
treatment for RR-MS patients.

1. Introduction

Multiple sclerosis (MS) is considered a prototypic inflammatory
autoimmune disease, associated with neurodegeneration in the central
nervous system (CNS). More than 80% of MS patients experience a
relapsing-remitting (RR)-MS course with an initial period of exacerba-
tion, followed by substantial remission [1,2]. Although the exact me-
chanisms of MS remain unknown, disturbance of optimal balance be-
tween cytokines and chemokines of autoreactive CD4™ T helper (Th)
cell subsets can play a critical role in the pathogenesis of MS [1,3,4].

Proinflammatory cytokines contribute to the typical features of MS
pathology, such as oligodendrocyte cell death, axonal degeneration,
and neuronal dysfunction [4]. Production of signature cytokines, such
as interferon-gamma (IFN-y), interleukin-5 (IL-5), IL-17A, and IL-9 by

Thl, Th2, Th17, and Th9 cells, respectively and reduction of trans-
forming growth factor-beta (TGF-f), secreted by regulatory T cells
(Treg cells), are the key immunopathological features of MS. However,
there are controversies regarding the role of cytokines in the patho-
genesis of MS [5-10].

There are several disease-modifying drugs with known mechanisms,
such as IFN-P and glatiramer acetate (GA), which can be used in the
management of MS [11]. Since MS patients are variable in response to
therapeutic doses of IFN- or GA, scholars are motivated to provide
more detailed information about the impact of different treatments on
the unrecognized or controversial aspects of the immune system [12].
In order to find additional information on immune mediators, levels of
cytokines, including IL-5, IL-8, IL-9, IL-17A, TGF-f, and IFN-y, were
assayed in active RR-MS patients treated with GA, IFN-f1a, or IFN-(1b.
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Therefore, cytokine profiling presents new approaches for in-
dividualized and optimized therapeutic strategies in MS patients.

2. Materials and methods
2.1. Study population

A total of 105 Iranian patients with RR-MS, who had received MS
treatments for one to two years, were selected for cytokine profiling in
Valiasr Hospital of Arak, Iran. MS was diagnosed by a neurologist ac-
cording to the McDonald criteria [11]. MS patients with the Expanded
Disability Status Scale (EDSS) scores of 0.5-3.5 were diagnosed based
on clinical examination, magnetic resonance imaging (MRI), and cere-
brospinal fluid (CSF) analysis, including immunoglobulin G (IgG) index
and oligoclonal IgG band. Treatment-naive patients received no im-
munosuppressive or immunomodulatory agents at least three months
before sampling. On the other hand, patients with infectious, neo-
plastic, or autoimmune diseases were excluded from the study. Written
informed consent was obtained from all participants, and the experi-
mental protocol for blood collection was approved by the Ethics Com-
mittee of Arak University of Medical Sciences (No: IR.AR-
AKMU.REC.96.93).

2.2. Study design

The selected patients were divided into five groups according to the
treatment type (Table 1). The groups included 21 patients treated with
low-dose IFN-B1a (CinnoVex, CinnaGen Co., Tehran, Iran), 19 patients
treated with high-dose IFN-B1a (ReciGen, CinnaGen Co., Tehran, Iran),
21 patients treated with IFN-B1b (Ziferon, Zistdaru Danesh Co., Tehran,
Iran), 17 patients treated with GA (Zahravi Pharmaceutical Co., Tabriz,
Iran), and 27 newly diagnosed patients without any treatments (treat-
ment-naive). In addition, 20 age-and sex-matched control subjects were
recruited in this study.

2.3. Cytokine detection

On the next day of treatment, blood samples were collected from all
patients in tubes without any anticoagulant. Next, they were cen-
trifuged at 3000 X g for 10 min at 4 °C and stored at —80 °C until cy-
tokine determination. Serum levels of IL-5 (sensitivity: 1.5 pg/mL), IL-8
(sensitivity: 2.0 pg/mL), IL-9 (sensitivity: 0.5 pg/mL), IL-17A (sensi-
tivity: 0.5 pg/mL), TGF-p (sensitivity: 8.6 pg/mL), and IFN-y (sensi-
tivity: 0.99 pg/mL) were determined using an enzyme-linked im-
munosorbent assay (ELISA; Thermo Fisher Scientific, Waltham, MA,
USA) according to the manufacturer’s guidelines. Each sample was
tested in triplicate and quantified using a microplate reader (Stat Fax
2100, USA) at a wavelength of 450 nm.

2.4. Statistical analysis
Data were analyzed in SPSS version 16.0 (SPSS Inc., Chicago,

llinois, USA). Assumption of normality was tested using
Kolmogorov-Smirnov test. ANOVA test was used to evaluate differences
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between variables in each of the studied groups. The mean values were
compared between the groups using post hoc Tukey’s test. Pearson’s
Chi-square test was also used to compare the gender and age of dif-
ferent groups. Correlations were evaluated by calculating Pearson’s
correlation coefficients. Data are presented as mean + SD. P < 0.05
was considered statistically significant.

3. Results
3.1. Serum concentrations of cytokines

Analysis of serum concentrations of IL-5, IL-8, IL-9, IL-17A, TGF-f,
and IFN-y in MS patients and healthy controls is presented in Table 2.

The serum concentration of IL-9 significantly increased in treat-
ment-naive patients, compared to the healthy controls (P = 0.001). The
level of IL-9 was significantly lower in patients treated with IFN-1b
(P = 0.041) and GA (P = 0.034), compared to treatment-naive patients
(Fig. 1A). Statistical analyses revealed insignificant differences in IL-
17A level between the groups (Fig. 1B).

According to Fig. 1C, detectable levels of TGF-f in patients treated
with GA were significantly higher than treatment-naive patients
(P = 0.004). In contrast, TGF-f level in patients treated with IFN-B1b
was significantly lower than treatment-naive patients (P = 0.03). Ac-
cording to Fig. 1D, there was no significant difference regarding IL-5
concentration between the groups. As indicated in Fig. 1E, serum level
of IFN-y in patients treated with GA was significantly lower than MS
patients without treatment (P = 0.035). Furthermore, level of this cy-
tokine significantly increased in treatment-naive patients, compared to
the healthy controls (P = 0.028).

Based on the analysis of serum IL-8 concentration, there was no
significant difference between the treatment groups. However, a sig-
nificant difference was found between the control and treatment-naive
groups in terms of serum IL-8 concentration (P = 0.001) (Fig. 1F).
Furthermore, Figs. 2-6 show positive correlations between cytokine
levels in different groups.

4. Discussion

In this study, we investigated the serum concentrations of IL-5, IL-8,
IL-9, IL-17A, TGF-f, and IFN-y in RR-MS patients, who were treated
with GA, IFN-f1a, and IFN-B1b. Based on the present results, we found
a considerable imbalance between these cytokines in the selected sub-
jects.

Th17 is one of the prominent cell types in the pathogenesis of MS,
which induces inflammatory activities by producing IL-17A. In the
majority of previous studies, IL-17A level has been reported to increase
in treatment-naive MS patients [13]. However, in the present study,
there was no significant difference in terms of the level of IL-17A be-
tween treatment-naive and healthy subjects. Contrary to our assump-
tion in this study, a moderate positive correlation was found between
IFN-vy, IL-9, and IL-17 cytokines in MS patients treated with GA. No
significant difference was found regarding IL-17A level between pa-
tients treated with IFN- and untreated patients, while according to
previous studies, IFN-f reduces the level of IL-17A in MS patients [14].

Table 1
Demographic and clinical characteristics of MS patients.
Healthy control Treatment-naive High-dose IFN-B1a Low-dose IFN-fla IFN-B1b GA P-value

M/F 5/15 7/20 3/16 2/19 4/17 2/15 NS
Age, years (mean = SD) 31.2 = 21 30.6 £ 9.5 35.3 £ 11.7 348 = 9.1 328 =+ 85 321 +£ 6.3 NS
Disease duration, years - Newly diagnosed 1-2 1-2 1-2 1-2 NS
EDSS - 0.5-3.5 0.5-3.5 0.5-3.5 0.5-3.5 0.5-3.5 NS
Relapse” - 1 1 1 1 1 NS

GA: glatiramer acetate; SD: standard deviation; M: male; F: female; NS: not significant; EDSS: expanded disability status scale.

@ Relapse in the past six months before the study.
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Table 2
Serum IL-5, IL-8, IL-9, IL-17A, TGF-B, and IFN-y concentrations (pg/mL) in MS patients and healthy controls.
Cytokines
Groups IL-9 IL-17A IFN-g TGF-3 IL-5 IL-8
Treatment-naive 535.8 + 139.4 290.0 = 22.3 346.4 = 287.7 60.1 = 48.7 271.7 = 59.6 615.9 + 155.1
IFN-B1a (low dose) 560.5 £ 174.0 316.3 = 21.7 325.7 + 210.8 59.6 = 26.2 271.1 = 36.5 610.7 = 123.2
IFN-B1a (high dose) 512.7 + 160.6 347.0 = 97.0 343.1 = 211.2 53.9 + 16.1 287.4 + 80.4 624.1 + 128.3
IFN-B1b 448.8 + 96.6 326.6 + 51.1 254.6 = 102.3 44.4 = 19.6 252.4 + 48.5 556.7 = 80.9
GA 432.2 = 1559 301.0 = 21.5 220.4 + 88.4 68.4 = 36.8 266.5 = 46.7 556.8 = 124.1
Healthy control 371.8 = 78.4 332.0 £ 22 223.3 * 85.17 61.6 = 22.3 268.9 *+ 36.3 386.7 = 132.6
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Fig. 1. Detection of IL-9 (A), IL-17A (B), TGF- (C), IL-5 (D), IFN-y (E), and IL-8 (F) by ELISA assay in the serum of treatment-naive and RR-MS patients treated with
GA and different types of IFN-B (*P < 0.05, significant difference with treatment-naive patients; #P < 0.05, significant difference with healthy controls).

Th9 cell is another cell, which plays an important role in the pa-
thogenesis of MS by producing IL-9 [15]. The results of IL-9 measure-
ment showed an increase in treatment-naive patients. Previous studies
have also confirmed the pathogenic and destructive role of this cytokine
in MS [16,17]. However, there are some studies indicating IL-9 re-
duction in treatment-naive MS patients [14]. This reduction can be
attributed to the moderate positive correlation between Th9 and Treg
cells through which Treg cells can further reduce the activity of Th9

A B

100+

cells.

Among treatments included in the present study, IFN-f1b and GA
could significantly reduce the level of IL-9; however, IFN-1a had no
significant effects on IL-9. The insignificant alteration of IL-9 level may
be due to the synergistic effects of Th9 and Th1 cells, as indicated by
their positive correlation. IFN-B1b may decrease the pathological re-
sponse of the immune system through various mechanisms, such as
reduction of major histocompatibility complex-Il (MHC-II) and B7
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Fig. 2. Significant correlations between (A) TGF-f and IL-9; (B) TGF-f3 and IL-5; and (C) TGF-f and IL-8 in the treatment-naive group (R = regression; P = P-value).
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Fig. 3. Significant correlations between (A) IL-9 and IFN-y; (B) TGF-B and IFN-vy; (C) IL-5 and IFN-v; (D) IL-8 and IFN-y; (E) IL-5 and TGF-(3; and (F) IL-8 and TGF-f in

high-dose IFN-B1a group (R = regression; P = P-value).

expression, induction of T-cell anergy, and reduction of T lymphocyte
proliferation [18].

The exact mechanism of the effect of IFN-f1b on IL-9 is not well
understood. Although further studies are needed in this context, the
most important effect of this drug may be the production of a lower
concentration of IL-9 by reducing lymphocyte proliferation. The me-
chanism of IL-9 reduction by GA can be related to the inactivation of T
lymphocytes and prohibition of inflammatory cytokine production by T
cells through binding to MHC molecules [4]. On the other hand, ac-
cording to the observed correlations, a significant increase in TGF-f3
level could lead to a remarkable reduction in the concentration of IL-9
in the GA-treated group.

Meanwhile, Th17 cells can be one of the sources of IL-9 production
in the presence of TGF-f [15]. IL-9, along with IL-21, through autocrine
effects on Th17 cells, leads to an increase in differentiation of Th17 cells
[19]. Therefore, any intervention that reduces IL-17A and IL-9 levels
can help improve MS. In this regard, a previous study showed that in IL-
9- or IL-9 receptor-deficient mice, experimental allergic en-
cephalomyelitis (EAE) improved due to the disrupted differentiation of
Th17 cells and macrophages [20].

A B

IFN-y, as one of the most important Th1 cell cytokines with a crucial
role in MS pathogenesis, is another cytokine measured in this study
[21]. In the present study, IFN-y concentration significantly increased
in treatment-naive patients, which is consistent with previous studies
[21]. In addition, GA treatment could significantly reduce IFN-y, which
is an important finding consistent with previous research, indicating the
inhibitory effects of GA on IFN-y producing cells [22].

Th2 cells are another group of T lymphocytes with important roles
in the immune system and autoimmune diseases through production of
cytokines, such as IL-4 and IL-5. In the present study, IL-5 was eval-
uated in RR-MS patients. In line with some previous studies, no sig-
nificant difference was found between the groups [23]. On the other
hand, some studies have reported an increase in IL-5 concentration in
response to GA therapy [24,25]. In this regard, Sanna et al. revealed
that treatment of dendritic cells with GA could lead to an increase in IL-
5 production from lymphocytes [26]. The results of this study showed
no changes in the level of IL-5 between different treatment groups of
RR-MS patients, while other results showed an increase in the serum
level of IL-5 in different treatment groups [24-26].

Treg cell is another cell type involved in MS, which acts through
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Fig. 4. Significant correlations between (A) IL-9 and IL-8; (B) IFN-y and IL-8; and (C) TGF-B and IL-5 in the IFN-31b group (R = regression; P = P-value).
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Fig. 5. Significant correlations between (A) IL-17A and IL-9; (B) IFN-y and IL-9; (C) IL-17A and IFN-vy; (D) TGF-f and IFN-y; (E) IL-8 and IFN-y; and (F) TGF-f and IL-8

in the GA group (R = regression; P = P-value).

production of anti-inflammatory cytokines, such as TGF-$ and IL-10.
Although there was no significant difference in TGF- level between the
control and treatment-naive groups, the serum level of this cytokine
was significantly lower in patients treated with IFN-B1b, whereas
treatment with GA significantly increased the level of this cytokine. In
contrast, other studies showed no changes in TGF-f} level among MS
patients treated with IFN-B1b [14]. In the present study, there were no
significant changes in treatment groups receiving IFN-B1a, while other
studies have reported an increase in TGF-3 concentration in MS patients

treated with IFN-fla [27]; therefore, further studies are needed to ex-
plain this contradiction. In addition, the positive correlation of TGF-f3
with other measured cytokines in this study indicates the regulatory
role of TGF-f in other subsets of T lymphocytes.

IL-8 (CXCLS8) is also involved in the pathogenesis of MS via trans-
migration of lymphocytes across the blood-brain barrier (BBB) [28,29].
In this study, the level of IL-8 in treatment-naive patients was sig-
nificantly higher than that of healthy subjects. Likewise, other studies
have shown higher serum levels of IL-8 in treatment-naive patients,
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Fig. 6. Significant correlations between (A) IFN-y and IL-9; (B) TGF-f3 and IL-9; (C) IL-5 and IL-9; (D) TGF-f and IFN-y; and (E) IL-5 and IFN-y in the healthy control

group (R = regression; P = P-value).
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compared to the control group [29,30]. There were no significant dif-
ferences between groups treated with IFN-B1 and GA. Contrary to the
results of the present study, Brett T. Lund et al. showed that the serum
level of IL-8 decreased significantly in MS patients after IFN-Bla
therapy [29]. This insignificant alteration in IL-8 concentration be-
tween different treatment groups needs to be elucidated in future stu-
dies.

In conclusion, the high serum levels of IL-9, IFN-y, and IL-8 in
treatment-naive RR-MS patients confirm the inflammatory and ag-
gravating impact of these cytokines in MS. According to the present
results, IFN-B1b and GA therapy led to a significant reduction in the
serum level of IL-9, which can be a vital factor in the process of disease
management. Besides, GA treatment had significant effects on the re-
duction of IFN-y level, while increasing the level of TGF-f3. Therefore, it
can be considered as an effective treatment for RR-MS patients.
However, we observed the negative effect of IFN-f1b on the level of
TGF-f3, which requires further analysis.
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