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Abstract

Multiple sclerosis (MS) likely results from an imbalance between pathogenic
and regulatory T cells which lead to multifocal demyelination and axonal loss.
Fingolimod, an immunomodulator, inhibits egress of lymphocytes from lymph
nodes and their recirculation, approved for the treatment of MS. In this study,
we investigated whether fingolimod affects immune imbalance occurred in MS
patients through regulatory T (T reg) cells. Peripheral blood mononuclear cells
(PBMCs) were isolated from whole blood obtained from 20 relapsing-remitting
MS (RRMS) patients and 10 healthy subjects using Ficoll density centrifugation.
Then, RRMS patients were treated by fingolimod (0.5 mg/day). After one
month, blood samples were obtained from patients and PBMCs were isolated.
The frequency of T reg cells in PBMCs from healthy subjects and MS patients
before and after fingolimod therapy was measured by flow cytometry. Our data
showed that the percentage of circulating T reg cells was significantly higher in
MS patients than healthy subjects. Fingolimod had a potent effect on increasing
T reg cell number in MS patients which this effect declined with age. These
findings suggest that fingolimod can be considered as an effective therapeutic
approach for modulating abnormal immune responses and restoring a balance
between pathogenic and regulatory T cells in patients with MS.
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Abbreviations

PBMCs: Peripheral Blood Mononuclear Cells; MS: Multiple
Sclerosis; RRMS: Relapsing-Remitting MS; T reg: Regulatory T
cell; BBB: Blood-Brain Barrier; CNS: Central Nervous System;
IFN- p: Interferon-B; SI1P: Sphingosine-1-Phosphate; SIPR:
Sphingosine-1-phosphate Receptor; GITR: Glucocorticoid-induced
TNF Receptor; CTLA-4: Cytotoxic T Lymphocyte Antigen-4; RA:
Rheumatoid Arthritis; TGF-p1: Transforming Growth Factor; IL-10:
Interleukin-10; IL-35: Interleukin-35; PBS: Phosphate Buffered Saline;
FITC: Fluorescein Isothiocyanate; PE/Cy5: Phycoerythrin/Cyanine 5;
PE: Phycoerythrin; SEM: Standard Error Of Mean; EDSS, Expanded
Disability Status Scale; DMT: Disease-Modifying Treatment.

Introduction

Multiple sclerosis (MS) is an inflammatory disease of the brain
and spinal cord, which leads to multifocal demyelination and axonal
loss [1,2]. The etiology of MS is not fully understood so far, but several
distinct genetic and environmental factors have been proposed to
disease susceptibility [3-5]. This disorder is largely associated with
the breakdown of peripheral tolerance to self-antigens such as myelin
antigens and to lesser extent axon antigens, which leads to T cells
specific to antigens, especially T helper type 1 (Th1) and Th17 cells,
migrate across the blood-brain barrier (BBB) and mediate central
nervous system (CNS) tissue injury [1,6,7]. The presence of T cells
and their cytokines in the brain lesions of MS patients have provided
convincing evidence that autoreactive T cells are the main effector

cells responsible for the central neurons damage and their myelin
sheaths and axons, however more recent studies have shown that
autoreactive B cells also contribute to the pathogenesis of disease,
through autoantibody production, antigen presentation, or cytokine
secretion [1,8-10]. Several therapeutic approaches for MS patients
have been proposed to modulate abnormal immune responses
such as interferon-p (IFN-p), natalizumab, glatiramer acetate and
fingolimod (FTY720) [11-13]. The specific aim of these treatments
are mainly focused at reducing the number of relapses and halting
the progression of neurologic disability, although they have not
been uniformly successful and are useful in arresting the disease in
approximately 30 % of relapsing-remitting (RR) MS patients, which
is the most common form of MS [1,11,14].

Fingolimod is a structural and functional analog of the natural
serum lipid sphingosine-1-phosphate (S1P) which leads to inhibit the
exit of lymphocytes from lymph nodes [15,16]. A numerous studies
have reported that fingolimod causes peripheral blood lymphopenia
through down-regulation of sphingosine-1-phosphate receptor
(SIPR) expression on activated lymphocytes [12,17]. Extensive data
from the literature have demonstrated effectiveness of fingolimod
in reducing the migration of autoreactive lymphocytes from lymph
nodes to brain lesions in MS patients and slowing the progression
of disease [16,18,19]. Moreover, several studies have reported that
fingolimod exert some central mechanisms such as SIPR modulation
on neurons and glia to reduce inflammation, relapse rates and the
risk of disability progression and support structural restoration of the
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Figure 1: The frequency of peripheral blood T reg cells in MS and healthy subjects. PBMCs obtained from healthy individuals (n=10), MS patients (before
and after treatment with fingolimod) (n=20) were stained with anti-CD4, anti-GITR and anti-Foxp3 antibodies. A) The percentage of T reg cells in PBMCs were
measured by flow cytometry (B) and then analyzed. Each bar in B shows mean+SEM. **p<0.01,* **p<0.001,****p<0.0001.

brain lesions [12,16,18,20,21].

Regulatory T (T reg) cell is a key component in the maintenance
of immunologic tolerance to self-antigens [22]. These cells comprise 5
to 10% of the peripheral blood CD4+ T cells which are characterized
by the expression of some markers such as Glucocorticoid-induced
TNF receptor (GITR), cytotoxic T lymphocyte antigen-4 (CTLA-
4), CD25 marker, and Foxp3 transcription factor. T reg cells play a
pivotal role in preventing the development of autoimmune diseases
through the control all aspects of the immune response [23]. Previous
studies have reported that reduced number and impaired function
of T reg cells participate in the development of various autoimmune
diseases such as MS, allergy, and rheumatoid arthritis (RA) [24]. It
has been shown that the inhibitory function of T reg cells is mediated
by cell-cell contact, consumption of IL-2, and the production of
immunosuppressive mediators such as transforming growth factor
(TGF-B1), interleukin-10 (IL-10), and interleukin-35 (IL-35) [25-27].

Regarding the fact that fingolimod therapy effectively produces
peripheral blood lymphopenia, we investigated whether fingolimod
therapy can affect the percentage of T reg cells in peripheral blood of
RRMS patients. Furthermore, we evaluated how the age of patients
can influence the effect of fingolimod administration on the frequency
of circulating T reg cells in RRMS patients.

Materials and Methods

Study population

A total of 20 RRMS subjects were recruited among those referred
to the clinic of autoimmune diseases of Alzahra hospital, Isfahan,

Iran from May 2017 to December 2017 (Table 1). RRMS disease was
diagnosed by specialist according to the Mac Donald’s diagnostic
criteria for MS disease [28,29]. The sampling from RRMS patients was
performed at least 1 week (baseline) before any immunosuppressive
modalities, including natalizumab, glatiramer acetate, interferon-
beta (TEN-p), and fingolimod therapy and four weeks after initiation
of fingolimod therapy (0.5 mg/day). RRMS patients experienced mild
MS relapses, but severe MS relapses have also been observed following
fingolimod initiation. 10 healthy volunteers were also participated in
this study (Table 1). The study was approved by the Ethics Committee
of Isfahan University of Medical Sciences, Isfahan, Iran. The informed
consent was provided from all participants before entering the study.

Isolation of peripheral blood mononuclear cells (PBMCs)

Heparinized blood samples (10ml) were obtained from RRMS
patients and healthy individuals. PBMCs were isolated from
whole blood using Ficoll gradient centrifugation according to the
manufacturer’s guideline (Lymphodex, Germany). The isolated cells
were washed three times with phosphate buffered saline (PBS). The
cells were counted with a haemocytometer. Cell viability was also
determined using trypan blue dye exclusion.

Flow cytometry

To investigate the effects of fingolimod on the percentage of
CD4+Foxp3+GITR+cells in peripheral blood of RRMS patients,
PBMCs isolated from participants were stained by fluorescein
isothiocyanate (FITC) anti-human CD4 (eBiosciences, USA) and
phycoerythrin/cyanine 5 (PE/Cy5) anti-human GITR antibodies
(Biolegend, USA) for 30 min at 4°C. The relevant isotype control
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Table 1: Specifications of the studied subjects.

Patient group (n =20) | Control group (n=10)

Age, year (range of age) 33.7+6.0 (27-47)
4/16 2/8

Age is shown as meanzstandard deviation (SD).

28.75+2.9 (25-56)

Gender (male/female)

antibodies were used as negative control. Further, the cells were
washed twice with PBS and centrifuged at 200xg for 5min.
Fixation and permebilization of the cells were performed using
Foxp3 Fix/Perm buffer set and cell staining buffer according to the
manufacturere’s protocol (Biolegend, USA). The cells were then
stained by phycoerythrin (PE) anti-human Foxp3 (Biolegend, USA)
for 30 min at 4°C. The percentage of the stained cells was assessed
using a FACSCalibur flow cytometer (Becton Dickinson, San Jose,
CA). In this regard, lymphocyte population was gated using forward
and side scatter in order to exclude non-lymphocyte populations
or debris from the analysis of CD4+GITR+Foxp3+ cells. The gated
population was then analyzed using FlowJo software (v10.1, FlowJo,
Ashland, OR, USA). In this experiment, the CD4+GITR+Foxp3+
cells were considered as T reg cells.

Statistical analysis

Data were analyzed by GraphPad Prism 6 (GraphPad software,
San Diego, CA) and expressed as mean + standard error of mean
(SEM). Unpaired t test was used to compare two groups with normal
distribution and Mann-Whitney test in the case of non-normal
distribution. Pearson and Spearman tests were used to determine the
correlation coefficients of the data with normal distribution and non-
normal distribution, respectively. P<0.05 was considered statistically
significant.

Results

Description of subjects

20 RRMS subjects (aged 33.7+6.0, meantstandard deviation
(SD), range 27 to 47 years) participated in the study. The onset of
clinical symptoms in patients was varied and occurred from an age
of 25 years old to 47 (Table 2). The patients had a wide age range
in the diagnosis of the illness, range of 3 years old to 22 (Table 2).
The most common clinical manifestations among RRMS patients
were difficulties with coordination and balance (ataxia), needles or

Table 2: Demographic and clinical characteristics of RRMS and healthy subjects.

RRMS Healthy
patients control
The oneet of cinica symploms.year Gange  S£48(@22)  NA
ymptoms, y 9€  3617.9 (25-47) NA
of age)
EDSS score 2.0£1.0 NA
Difficulty in moving 12 0
Needles or numbness 10 0
Tingling 7 0
Diplopia or blurred vision 6 0
Seizure 1 0
Type Il diabetes 1 0
Hepatitis A 1 0
Depression 1 0

EDSS, Expanded Disability Status Scale; MS, multiple sclerosis; NA, not
applicable.
Disease duration and EDSS are shown as meanSD (range).

numbness, and tingling (Table 2). Of the 20 RRMS patients, 12 had
difficulties with coordination and ataxia, 10 patients had needles or
numbness, seven had tingling, six had diplopia or blurred vision, one
had seizure, type II diabetes, hepatitis A infection, and depression
(Table 2). The demographic and clinical characteristics of patients
and healthy subjects are shown in Table 2.

Effect of fingolimod on the percentage of circulating T reg
in RRMS patients

To evaluate fingolimod effect on the number of T reg cells in
peripheral blood, the percentage of CD4+GITR+Foxp3+ cell was
measured by flow cytometry. This study indicated that there was a
significant difference in T reg cell percentage between RRMS patients
and healthy subjects (p<0.0001-0.01, Figure 1A and B). The frequency
of T reg cells within CD4+ subpopulation was significantly higher in
untreated patients than healthy control (p<0.01, Figure 1A and B).
Moreover, we found that fingolimod therapy had a positive effect
on increasing the number of T reg cells in RRMS patients (p<0.001,
Figure 1A and B). Our data showed that the frequency of T reg cells
within CD+ subpopulation was significantly higher in fingolimod-
treated patients than untreated patients and healthy subjects
(p<0.0001-0.001, Figure 1A and B).
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Association of T reg cell number

characteristics

with patient

The results of Pearson test showed a significant positive correlation
between the age of RRMS patients and the number of T reg cells before
fingolimod therapy (p<0.01, R=0.5827 95% CI=0.1885-0.8150, Figure
2A), while this significant correlation was inverse after fingolimod
therapy (p<0.05, R=-0.450, 95% CI=0.74458-0.00974, Figure 2B).
Other results of Pearson and Spearman tests revealed that there was
no significant association between sex, disease duration, and EDSS
(Expanded Disability Status Scale) score and T reg cell frequency in
RRMS patient before and after fingolimod administration.

Discussion

Fingolimod is a disease-modifying treatment (DMT) which
effectively inhibits the migration of lymphocytes from lymph nodes to
blood and peripheral tissues, leading to reduce relapse frequency and
short-term disability progression in MS patients [15]. In this study,
we assessed the number of peripheral blood T reg cells in RRMS
patients treated with fingolimod. Our results showed that fingolimod
therapy had a potent effect on the increased number of T reg cells in
RRMS patients. Moreover, we observed that fingolimod effect on the
increased frequency of T reg cells in MS patients declined with age.

Having considered that T reg cells play an indispensible role in
preventing and developing the risk of autoimmune disorders through
the maintenance of peripheral tolerance to self-antigens [23], the
critical question was whether the percentage of T reg cells in RRMS
patients differed from healthy subjects. Unexpectedly, the results of
study revealed that RRMS patients had a significant increase in T reg
cell number in peripheral blood compared to healthy control subjects.
Although many reports have indicated a decreased number of T reg
cells in peripheral blood of MS patients [30-32], there are several
studies pointing to the similar distribution of T reg cell frequency in
MS patients and healthy subjects [33]. Moreover, some studies have
indicated that the frequency of T reg cells may increase in peripheral
blood of chronic MS patients due to the expansion of memory T reg
cells [34]. Several studies have reported that the thymic output of
naive T reg cells is impaired in MS which can compensated by higher
proportions of memory T reg cells, resulting in a stable or higher
cell count of the total T reg cell population [34,35]. Therefore, the
increased frequency of memory T reg cells is likely a compensatory
response to the decreased number or impaired function of T reg cells
in MS which participate in development of disease. This hypothesis
corresponded well with many studies on MS patients showing the
decreased number or reduced suppressive function of T reg cells on
the T cell immune response against auto-antigens in MS patients
[30,34-36].

In the next step, we evaluated the effect of fingolimod on the
frequency of T reg cells in RRMS patients. Our data revealed that the
number of circulating T reg cells within CD4+ subpopulation was
significantly increased in patients after fingolimod administration.
Consistent with this observation, previous studies on patients with
MS have also demonstrated that fingolimod increases the frequency
of circulating T reg cells [15,32,37]. Moreover, Muls et al (2014)
reported that fingolimod had a stimulatory activity on the increased
number of CD39-expressing T reg cells in MS patients which exert
an anti-inflammatory function through cleave ATP to AMP by

CD39 [38]. Several lines of evidence revealed that apart from these
effects of fingolimod are due to its effects on lymphocyte egress from
lymphoid organs [38,39]. Previous studies also provide possible lines
of explanation for these observations. It has been reported that SIPR
signaling upon engagement of S1P inhibits Treg cell differentiation
through down-regulating SMAD3 activity and subsequently reducing
TGEF-B receptor-mediated signaling, which is required for T reg
cell development [39]. Moreover, in vitro studies have shown that
fingolimod stimulates the production of TGF-B in splenocyte cell
cultures [40]. Inhibition in S1PR signaling and induction of TGF-$
production of immune cells by fingolimod may therefore participate in
regulating the balance towards T reg cell development. Consequently,
it is likely that fingolimod possess the ability to modulate pathogenic
immune responses and restore a balance between pathogenic and
regulatory T cells in patients with MS.

Given that it has been reported that the number of human
peripheral blood T reg cells increases with age, we investigated whether
other patient characteristics can affect the frequency of T reg cells and
also the effect of fingolimod on T reg cells in MS patients. The results
of Pearson and Spearman tests indicated that the frequency of T reg
cells in MS patients before and after treatment with fingolimod was
not associated with EDSS score, disease duration, and sex. However,
there was a positive association between T reg cell number and
patient age which this correlation was disrupted following fingolimod
administration. These data suggest that fingolimod had more effective
effect on increasing the number of T reg cells in patients with lower
age than those of higher age. This unexpected result points to other
unknown factors and/ or non-immunologic dependent mechanisms
which may be involved in the effects of fingolimod on increasing T
reg cell number in MS patients. Nevertheless, it should be noted that
additional studies are required to confirm our results and explain the
molecular mechanisms involved in the negative effect of the age on
the frequency of T reg cells in fingolimod-treated patients.

Conclusion

Taken together, the results of this study provide evidence to
show that fingolimod therapy has a potent effect on the increased
percentage of peripheral blood T reg cells in patients with RRMS
which decline with age. Based on these findings, fingolimod can be
considered as one of effective therapeutic approaches for modulating
abnormal immune responses and improving peripheral tolerance to
self-antigens in patients with MS.
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