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Background: Mesenchymal stem cells (MSCs) have the capacity to migrate into the inflammatory regions in
response to chemokines such as, IP-10 and SDF-1α and function as anti-inflammatory and immunomodulatory
cells.
Methods: In this study we investigated the MSCs frequency in peripheral blood of Relapsing-Remitting Multiple
Sclerosis (RRMS) patients in clinically active and not on disease-modifying therapy (DMT) (n = 22) and
clinically stable on DMT (Interferon-β (IFN-β) therapy) for at least 6 months (n = 22) in comparison to sex and
age-matched healthy controls (n = 25) using flow cytometry. The serum and gene expression levels of IP-10 and
SDF-1a were also measured in studied groups by ELISA and Real time- PCR.
Results: We obtained significant high levels of circulating CD45−CD34− CD90+ and CD45−CD34− CD105+

cells in clinically active patients, not on DMT and patients under IFNβ therapy compared with control group.
Furthermore, a significant increase in the percentage of circulating CD45−CD34− CD105+ CD90+ cells was
found in clinically active patients and not on DMT compared with control group. Serum analysis of IP-10 and
SDF-1α showed a significant increase in IP10 concentration in both clinically active not on DMT (P = 0.02) and
on DMT (P = 0.005) RRMS patients in comparison with controls.

The expression level of SDF-1α mRNA significantly increased in clinically active not on DMT (P = 0.03),
while decreased in patients under IFNβ therapy (P = 0.04). The mRNA expression of IP-10 only increased in
patients on DMT compared with controls (P = 0.05).
Conclusion: Circulating MSCs, IP-10 and SDF-1α levels, increased in RRMS patients with clinically active not on
DMT and IFN-β therapy reduced circulating MSCs and SDF-1α levels.

1. Introduction

Multiple sclerosis (MS) is a chronic autoimmune disease of the
central nervous system (CNS) with an unknown etiology identified by
demyelination, and irreversible axonal injury (Alvarez et al., 2011).
More than 2.3 million people worldwide are suffering from MS, mostly
young people (Bezzini et al., 2015). Prevalence of MS in Iran is also

high (54.51 per 100,000 (in 2013)) (Etemadifar et al., 2014). About
85% of patients demonstrate a relapsing-remitting multiple sclerosis
pattern (RRMS) (Jacques and Lublin, 2015). Dysregulation of immune
system and development of auto reactive CD4+ and CD8+ T Cells, are
believed to involve in the pathogenesis of the disease (Friese and
Fugger, 2009; Fletcher et al., 2010; Nylander and Hafler, 2012).

Mesenchymal stem cells (MSCs) are multipotent and heterogeneous
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population of adult Bone Marrow Stem Cells (BMSCs) with high self-
renewal capacities (Murphy et al., 2013; Baksh et al., 2004;
Karussis and Kassis, 2008). MSCs enter the blood stream after injury
and transmigrate to the damaged tissue to participate in im-
munomodulatory and restoration processes (Kucia et al., 2005). Me-
senchymal stem cells may also regenerate nervous cells in the CNS, that
is the cause of wide attention to its application in treating neurological
diseases such as MS, Parkinson's disease and spinal cord injury
(Buzhor et al., 2014). Human MSCs decrease peripheral blood mono-
nuclear cells (PBMC) proliferation, IFN-γ production by T helper-1
(Th1) cells, TNF-α secretion by dendritic cells (DC) and monocytes, and
also increase regulatory T cells and IL-10 production (Aggarwal and
Pittenger, 2005). Mesenchymal stem cells inhibit the development of
Th1, Th17 and Tc17 (IL-17-producing CD8+ T cells) cells in vitro as
well (Luz-Crawford et al., 2013; Glenn et al., 2014). In mice with ex-
perimental allergic encephalomyelitis (EAE) have been shown that
MSCs were able to decrease Th17 and increase CD4+CD25+FOXP3+
cells (Luz-Crawford et al., 2013; Glenn et al., 2015).

IP-10/CXCL-10 and SDF/CXCL-12 are chemotactic factors for
human MSCs. IP-10 from the Synovial fluid of normal and rheumatoid
arthritis (RA) donors significantly recruit human subchondral me-
senchymal progenitors (Li et al., 2010; Endres et al., 2010). A number
of Studies have shown that the expression of SDF-1 and IP-10 upregu-
lated at damaged tissues and inflammatory conditions and facilitate the
homing of MSCs to the injured sites in the brain (Ji et al., 2004;
Donega et al., 2014; Gruol, 2016). Human MSCs migrate to demyeli-
nated lesions in response to chemokines including SDF-1, MCP-1,
RANTES, MIP-1α and IP-10 (Rice and Scolding, 2010). The chemokine
SDF-1α is an isoform of SDF that expresses by neurons (Stumm et al.,
2002). IP-10 and SDF-1 are among chemokines which increase in CSF
and serum of MS patients. It was also reported that IP-10 expressed in
CNS lesions of MS patients and EAE (Szczuciński and Losy, 2007;
Matsushita et al., 2013). IP-10 expression also increased in both cir-
culating monocytes and BMSCs isolated from RRMS and secondary
progressive (SP) MS patients when stimulated by lipopolysaccharide
(LPS) (Bonechi et al., 2014). Astrocytes in both silent and active brain
lesions of MS patients express SDF-1 (Calderon et al., 2006).

Interferon-beta (IFN-β) with Anti-inflammatory and im-
munomodulatory effects is used as the first-line therapy for the treat-
ment of RRMS (Clanet, 2001). IFN-β decreases the relapse rate and
severity of the disease and inhibits the development of new brain le-
sions and disability progression (Clanet, 2001). It also increases ex-
pression of IL-10 by monocytes and CD4+ T cells (Liu et al., 2001), the
percentage and suppressive function of Regulatory T cells
(Namdar et al., 2010), and inhibits leukocyte transmigration across the
blood-brain barrier (BBB) (Dhib-Jalbut and Marks, 2010). A study
showed that IFN-β transiently increased plasma level of IP-10 in MS
patients (Buttmann et al., 2004). Otherwise, MSCs produce different
chemokines including IP-10 and SDF-1 and also express many chemo-
kine receptors (CCR2, CCR3, CXCR3, CXCR4, CXCR6, CX3CR1) which
lead to their migration (Croitoru-Lamoury et al., 2007). Interferon-β
may alter the migration of MSCs from BBB via increasing chemokines
receptor expression, including IP-10 and SDF-1 receptors, which are the
therapeutic approach to the management of MS (Buttmann et al., 2004;
Croitoru-Lamoury et al., 2007).

Because of immunomodulatory properties of MSCs, alteration of
peripheral MSCs frequency in MS patients could be involved in the
pathogenesis of the disease. In this study, we investigated whether the
frequency of MSCs changed in clinically active but not on DMT/or
clinically stable RRMS patients after IFN-β therapy. We also measured
serum and PBMCs expression levels of IP-10 and SDF-1α.

2. Materials and methods

2.1. Patients and controls

Forty-four RRMS patients with clinically definite MS were enrolled
in this study All patients evaluated with physical and neurological ex-
amination by a neurologist according to the revised McDonald's criteria
(McDonald et al, 2011) (Polman et al., 2011). Twenty-Two patients
were clinically stable on disease-modifying therapy (DMT) (16Female,
6Male; mean age: 35 ± 8.06 years, EDSS: 1.24 ± 0.69). These pa-
tients were under IFN-β therapy for at least 6 months (from 6 month up
to 10 years). Patients on DMT have no symptoms at the time of sam-
pling. Twenty-Two Patients were clinically active and not on DMT
(18Female, 4Male; mean age: 29.71 ± 5.19 years, EDSS: 3.1 ± 0.8).
They met our assumed inclusion criteria of not being treated with any
kind of IFN-β or other immune modulatory drugs and/or corticosteroid
for at least 3 prior months. These patients discontinue medication
themselves, because their illness was not deemed severe enough and
not have any symptoms until relapse.

The expanded disability status scale (EDSS) of all patients was also
assessed by a neurologist. Samplings were done in 1 or 2 days after
having symptoms. Fifty percent of patients showed visual impairment
(blurred vision, diplopia) and 45.4% of them showed paresthesia
symptoms at onset of the disease. All of the patients were referred to
Iranian Center of Neurological Research in Sina General Hospital,
Tehran University of Medical Sciences (TUMS). Twenty-Five ethnically,
sex and age matched healthy controls (19 Female, 6male, age:
30.97 ±6.1 years), who had no history of MS or other autoimmune
and inflammatory diseases themselves and in their families, were also
enrolled in this study. All patients and controls were of Iranian origin.
The study was conducted according to the ethical guidelines of our
institution. Informed consent was obtained from all participants prior to
the study. The exclusion and inclusion criteria of studied subject are
listed in Supplementary Table 1.

2.2. MSCs frequency determination using flow cytometry

Peripheral Blood Mononuclear Cells were isolated from blood by
density gradient centrifugation over Lymphodex (inno-Train,
Diagnostic Gmbh, Germany). The cells were stained with Anti-CD34-
FITC, CD45-APC, CD90-PECY5 and CD105-PE monoclonal antibodies.
All monoclonal antibodies were purchased from eBioscience, US.
Samples were analyzed using flow cytometer (BD FACS Calibur, US). At
least 50,000 events were counted for each sample.

2.3. Measurement of IP10 and SDF-1α gene expression levels by Real-time
PCR

In order to determine chemokines gene expression levels, total RNA
from PBMC of RRMS patients and controls were isolated using BIOZOL-
total RNA extraction kit (Bioer, China) according to manufacturer's
instruction. To remove genomic DNA contamination, the extracted RNA
was first treated with RNase free DNase I and then reverse-transcribed
to cDNA by cDNA synthesis kit (Thermo Fisher Scientific, US). Eva
Green PCR Master Mix (Solis Bio Dyne, Estonia) was used for doing
real-time PCR following the instructions of the supplier (Applied Bio
systems, CA). Relative expression levels of chemokines mRNA were
normalized by βeta-actin (ACTB) as a housekeeping gene and calcu-
lated by the 2−ΔΔCt method. The primer sequences are showed in
Supplementary Table 2.

2.4. Measurement of IP-10 and SDF-1α by ELISA

Sera were collected from clotted blood samples and frozen at –70 °C
for chemokine assays using human IP10 Instant Elisa Kit (eBioscience,
US) and human SDF-1a (CXCL12A) Elisa Kit (Thermo scientific,
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US).The detection limit for IP10 and SDF-1a were 1 pg/ml and 80 pg/
ml respectively.

2.5. Statistical analysis

All analysis was performed using Statistical Package for the Social
Sciences (SPSS) software version 21.0 (SPSS Inc; Chicago, IL, US). Data
are expressed as mean ± SD. Results with P value less than 0.05 were
statistically considered significant. Variables between RRMS clinically
active patients and not on DMT, IFN-β treated and controls were
compared using One-way ANOVA. The post hoc test (Tukey's) was used
to identify sample means that were different from others. Correlations
between serum and gene expression levels of IP-10 and SDF-1α and the
MSCs frequencies were assessed using the Pearson test.

3. Results

3.1. Patients and controls

Forty-Four RRMS patients and 25 healthy subjects were investigated
in this study. Demographic characteristics of the subjects are given in
Table 1.

3.2. The percentage of circulating MSCs decreased after IFNβ therapy

In this study, three populations of MSCs, CD45−CD34− cells, ex-
pressing CD90 and/or CD105 markers, were identified according to
previous studies (Fortini et al., 2011; Marketou et al., 2014). Lym-
phocytes and monocytes were first gated on a forward vs. side scatter
dot plot and then the percentage of CD90+, CD105+ and CD90+
CD105+ cells were analyzed in CD34- CD45- population as MSCs.
Supplementary Figure1 shows a typical example of our analytical
gating strategy to analyze the circulating MSCs.

The results of flow cytometry analysis showed that there was a
significant difference in the frequency of MSCs between the groups,
Clinically active and not on DMT RRMS Patients were shown to have
significantly higher proportions of circulating CD45−CD34−CD90+

(P = 0.0001) and CD45−CD34− CD105+ (P = 0.001) compared to
healthy controls. These cells decreased in patients under IFN-β therapy
(P ≤ 0.01) although the percentage of CD45-CD34-CD90+ cells was
significantly higher than controls yet (P = 0.03). Furthermore, a sig-
nificant increase in the number of circulating CD45−CD34− CD105+

CD90+ cells was found in clinically active patients compared to control
group (P = 0.02) (Fig. 1).

3.3. IFNβ alters the expression levels of IP10 and SDF-1α in RRMS patients

Analysis of IP10 and SDF-1α mRNA expression levels in PBMC of
MS patients showed that the expression of SDF-1α mRNA significantly
increased in clinically active patients compared with controls
(P = 0.03) and significantly decreased in patients under IFNβ therapy
and reached to controls’ level (P = 0.04) (Fig. 2A). The mRNA ex-
pression of IP-10 also increased in clinically stable patients compared to
controls (P = 0.05) (Fig. 2B). Additionally, we observed a positive
correlation between the frequency of CD105+90+ MSCs and expression
of SDF-1α (P = 0.037) and IP10 (P = 0.004) in RRMS patients on DMT
(Fig. 2C and D respectively).

3.4. Elevated levels of IP10 and SDF-1α in sera of RRMS patients

Serum analysis of IP10 and SDF-1α chemokines showed that IP10
concentration significantly increased in sera of clinically active patients
and patients under IFN-β therapy in comparison to controls (P = 0.02
and P = 0.005 respectively). However, no significant difference in IP-
10 was seen between patients in clinically active but not on DMT and
patients on DMT (P = 0.2) (Fig. 3A). Serum concentration of the SDF-1Ta
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in clinically active RRMS patients also increased in comparison to other
groups, although it was not significant (Fig. 3B). Interestingly, there
was a positive correlation between serum and expression level of IP10
in clinically active RRMS patients (P= 0.023) (Fig. 3C). There were not

such correlations in other groups.

Fig. 1. The percentage of CD45− CD34−/CD105+(A), CD 90+ (B) and CD 105+ CD90+ (C) MSCs in gated lymphocytes and monocytes of healthy controls (n = 25),
clinically active RRMS patients but not on DMT (n = 22) and clinically stable on DMT (IFN-β treated) (n = 22). One-way ANOVA was used to show the differences
between groups. P-value <0.05 was considered statistically significant. * P-value < 0.05; ⁎⁎ Pvalue < 0.01; ⁎⁎⁎ Pvalue < 0.001.

Fig. 2. The mRNA expression level of SDF-1α (A) and IP10 (B) were measured by qPCR in RRMS patients and healthy controls. One-way ANOVA was used to test the
differences between the groups. Correlation between MSCs frequencies and SDF-1α (C) and IP10 (D) expression levels analyzed using Pearson's Correlation
Coefficient. P-value ≤ 0.05 was considered statistically significant. * P-value < 0.05; ⁎⁎ P value < 0.01.
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4. Discussion

Mesenchymal stem cells with immunomodulatory functions have
been shown to migrate into injured and inflamed sites in response to
inflammatory cytokines and chemokines to reduce inflammation
(Wojakowski and Tendera, 2005; Castillo-Melendez et al., 2013). In
acute phase of MS, inflammation and demyelination could induce mi-
gration of MSCs from BM to blood stream and then into the damaged
CNS (Karussis and Kassis, 2008). The lack of or decreased MSCs in PB of
healthy individuals can explain the absence of injury or inflammation
(Hoogduijn et al., 2014).

In EAE, injection of MSCs reduced disease severity and pro-in-
flammatory cytokines, IFN-γ, IL-17, TNF-α, IL-2, and IL-12p70, and
improved demyelination (Bai et al., 2012). Recently, de Oliveira GL
et al, also showed a defect in immunomodulatory and im-
munosuppressive activities of MSCs isolated from patients with mul-
tiple sclerosis (de Oliveira et al., 2015).

In this study, we examined the frequency of MSCs in peripheral
blood of RRMS patients. Our data showed significant higher level of
circulating CD45−CD34−- CD90+/CD105+ and CD90+ CD105+ cells
in clinically active RRMS patients, not on DMT and IFN-β decreased
them. To our knowledge, this is the first study to evaluate circulating
MSCs in RRMS patients.

Chemotaxis assays revealed that IP10 and SDF-1α had a critical role
in the migration of MSCs (Croitoru-Lamoury et al., 2007). A number of
studies showed elevation of IP10 and SDF in MS lesions, CSF and serum
of RRMS in active phase (Calderon et al., 2006; Trebst and
Ransohoff, 2001; Sørensen et al., 2002; Franciotta et al., 2001). This up-
regulation of chemokines seemed to have an important role to regulate
the circulation and homing of MSCs to the damaged sites in the brain
(Song et al., 2011). Consistent with previous studies, we also found that
the mRNA expression and serum level of SDF-1α and IP-10 significantly
increased in clinically active RRMS patients, not on DMT. While, IFN-β
decreased SDF-1. On the other hand MSCs increased in circulation of
clinically active patients and decreased after IFN-β therapy. This result
could suggest that SDF-1α cause elevation of circulating MSCs at
clinically active phase which needs more exploration.

IFN-β therapy slightly increased IP-10, which is significantly dif-
ferent when compared with healthy individuals (Fig. 2b and 3). In a
previous study, it was also shown that IFN-β could cause a transient
increase of expression and plasma level of IP-10 in MS patients
(Buttmann et al., 2004). Overally, both type I and type II INFs as well as
LPS can induce the expression of IP-10. In LPS-stimulated macrophages,
the IP-10 express through production of IFN-β (Hamilton et al., 1989;
Toshchakov et al., 2002; Groom and Luster, 2011; Fukumoto et al.,
2012).

Interestingly, transplantation of pluripotent stem cells in a mouse
model of acute liver injury increased the expression of IP-10 in injured

liver to repair damage and promote liver regeneration (Chan et al.,
2012).

Additionally, the CXC chemokine receptor 3 (CXCR3), a receptor for
IP10, was previously reported to express on activated human CD4+ T
cells (Melter et al., 2001). Paradoxically, previous studies have reported
that CXCR3 also expressed on FOXP3+CD4+ Tregs and IFN-γ was re-
quired for the optimal expression of CXCR3 by Treg cells and these cells
had a marked chemotactic response toward IP-10 (Hoerning et al.,
2011; Koch et al., 2009). Otherwise, it was shown that a deficiency of
IP-10 resulted in increased IFN-γ-producing CD8+ T cells
(Rosenblum et al., 2010). In this way, elevation of IP-10 after IFN-β
therapy could be an immunomodulatory effect of IFN-β. However, more
investigation requires exploring the frequency, phenotype and also
functions of MSCs in CNS and PB after IFN-β therapy.

5. Conclusion

This study suggests that MSCs with Immunomodulatory and re-
generative capacities might release into peripheral blood under in-
flammatory situation and subsequently migrate to damage CNS in re-
sponse to IP-10 and SDF-1.
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