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A B S T R A C T

Rheumatoid arthritis (RA) is a chronic inflammatory autoimmune arthropathy characterized by synovial hy-
perplasia leading to functional impairment. Although the exact cause of RA is unknown, there is evidence
suggesting the role of T cell subtypes in the pathogenesis of RA. Conventional therapy in some RA patients is
associated with mild or severe side effects, and resistance of some patients has been reported to these types of
therapy. The therapeutic potential of mesenchymal stem cells (MSCs) introduced them as a novel therapeutic
choice for the treatment of rheumatic diseases. The aim of our study was to evaluate the effects of intravenous
administration of autologous bone marrow-derived MSCs on the immunological, clinical and para-clinical fac-
tors such as regulatory T cells, Th17 cells, CD8+T cells, CD4+T cells, disease activity score 28-erythrocyte
sedimentation rate (DAS28-ESR), visual analogue scale (VAS), ESR, C-reactive protein (CRP), rheumatoid factor
(RF), and anti-cyclic citrullinated peptide (anti-CCP) antibodies in patients with refractory RA. Nine refractory
RA patients with no other rheumatologic disorders were included in this study. All patients received a single
intravenous dose of 1× 106 autologous bone marrow-derived MSCs/kg, and were followed up at 1, 6 and 12
months after injection of MSCs. We found a significant decreasing trend in Th17 percentage and geometric mean
fluorescence intensity for IL-17A following injection of MSCs at 12 months compared to the time point zero.
Furthermore, a significant increase in regulatory T cells percentage was observed at the end of the first month
after the intervention. DAS28-ESR decreased significantly at 1 and 12 months after MSC therapy. VAS score
showed a significant decreasing trend during the follow-up periods. No significant difference was found for
serum CRP and anti-CCP levels after the intervention. In conclusion, our data indicated that clinical symptoms
were significantly ameliorated following the intravenous injection of autologous bone marrow-derived MSCs to
the patients with refractory RA.

1. Introduction

Rheumatoid arthritis (RA) is a chronic, progressive autoimmune
inflammatory disease characterized by inflammation of the bone, car-
tilage, and synovium [1]. RA is a relatively common disease with a
prevalence of 0.5–1% in adults living in industrialized countries [2].

Both genetic and environmental factors influence the risk of developing
RA [3,4]. Anti-cyclic citrullinated peptide (anti-CCP) antibodies, anti-
filaggrin antibodies (AFA), rheumatoid factor (RF), erythrocyte sedi-
mentation rate (ESR) and C-reactive protein (CRP) are diagnostic bio-
markers for the detection of RA [5,6].
T cell subtypes are considered as important mediators in the
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pathogenesis of RA [7]. CD8+T cells promote bone degradation by the
production and secretion of pro-inflammatory cytokines such as IL-6
and tumor necrosis factor alpha (TNF-α) in the synovial membrane [8].
Th17 cells as inflammatory mediators in cellular immune response
produce high levels of IL-17 [9]. Increased number of peripheral Th17
cells and also high serum levels of IL-17 have been reported in patients
with RA [10,11]. IL-17 induces the production of matrix metallopro-
teinases (MMPs), and TNF-α causes inflammation in joints [12]. Reg-
ulatory T cells (T-regs) are key mediators in peripheral immune toler-
ance and they regulate immune responses by the production of
cytokines such as IL-10 and transforming growth factor beta (TGF-β)
[13]. Decreased number of peripheral T-regs and impaired function of
these cells have been reported in patients with RA, and there is evi-
dence suggesting the role of T-reg/Th17 imbalance in the pathogenesis
and progression of RA [14,15].
Disease-modifying anti-rheumatic drugs (DMARDs) and biological

agents such as TNF-α inhibitors are considered as conventional therapy
for RA [16,17]. The mild or severe side effects and also the gradual
resistance of some patients to these types of therapy have been reported
[18–20]. The therapeutic potential of mesenchymal stem cells (MSCs)
introduced them as a novel therapeutic choice for the treatment of RA
[21–23]. MSCs are non-hematopoietic multipotential progenitor cells
capable of differentiating into various mesenchymal tissues, including
chondrocytes and adipocytes [24,25]. MSCs modulate immune cell
responses such as B cells, T cells, dendritic cells and natural killer cells
[26,27]. Additionally, MSCs are involved in the tissue repair process
and remodeling by secreting factors such as IL-6, TGF-β and vascular
endothelial growth factor (VEGF) [28,29]. Severity and chronicity of
synovitis lead to a reduction in the number of MSCs in serum fluid of
patients with RA [30,31].
In this study, we investigated the effects of intravenous injection of

autologous bone marrow-derived MSCs on the various immunological,
clinical and para-clinical factors that are associated with the patho-
genesis of RA in patients with refractory RA.

2. Materials and methods

2.1. Patients

From July 2016 to April 2017, 9 patients with RA according to
ACR/EULAR 2010 rheumatoid arthritis classification criteria [32] who
were refractory to standard therapies enrolled in this study. All patients
were recruited at rheumatology ward in the Imam Reza Hospital,
Mashhad University of Medical Sciences, Mashhad, Iran, and an in-
formed consent was obtained from each patients. All patients continued
to receive conventional therapy: sulfasalazine (< 1-2 g/day), and/or
prednisolone (< 10-15mg/day), and/or methotrexate at 7.5–25mg/
week, and/or Hydroxychloroquine (< 400mg/day).
The study was registered in IRCT (IRCT2015102824760N1) and

ClinicalTrials.gov (identifier: NCT03333681), approved by the ethics
committee of Mashhad University of Medical Sciences, Mashhad, Iran
(IR.MUMS.REC.1394.529).

2.2. MSC isolation, preparation, and transplantation

Autologous bone marrow-derived MSCs were isolated from 50ml
bone marrow aspirate which was taken from the iliac crest of patients.
Briefly, mononuclear cells were separated from bone marrow aspirate
by Ficoll density gradient centrifugation (Cedarlane, Canada) and
seeded in 75-cm2 flasks (SPL, South Korea) with alpha minimum es-
sential medium (alpha-MEM, Caisson, USA) containing 10% fetal bo-
vine serum (FBS, Gibco, USA) and 1% penicillin-streptomycin (Caisson)
in a humidified incubator at 37 °C under 5% CO2. Non-adherent cells
were removed by washing after 4 days of culture, and the medium was
changed every 3 days thereafter. After 3 to 4 weeks, once 80% con-
fluence was reached, the cells were harvested. Flow cytometric analysis

showed the presence of CD90, CD105 and CD29 (> 90%) and absence
of CD31, CD34 and CD45 (< 5%) on the cell surface. Osteogenic dif-
ferentiation of MSCs was assessed with positive alizarin red S (Sigma-
Aldrich, UK) staining, and nitroblue tetrazolium/5-bromo-4-chloro-3-
indolyl phosphate (NBT/BCIP, Sigma-Aldrich) as a substrate for alka-
line phosphatase (ALP). In addition, positive oil red O (Sigma-Aldrich)
staining confirmed the capacity of MSCs to differentiate along adipo-
genic lineage. MSCs viability (greater than 95%) was assessed using
trypan blue (Sigma-Aldrich), and direct cultivation analysis confirmed
that all cultivations were negative for aerobic and anaerobic bacteria.
All processes of isolation, culture, and harvesting of MSCs were per-
formed under good manufacturing practice (GMP) conditions. All 9
patients received one intravenous infusion of 1× 106 MSCs per kg of
body weight and were followed up at 1, 6 and 12 months. The eva-
luations that were performed at various time points included disease
activity score 28-ESR (DAS28-ESR), visual analogue scale (VAS), ESR,
CRP, RF, anti-CCP, and measurement of the immunological factors in-
cluding T-regs, Th17 cells, CD4+ and CD8+T cells.

2.3. Laboratory methods

Isolated peripheral blood mononuclear cells (PBMCs) from the
whole blood were cultured in the presence of 5 μg/ml phytohae-
magglutinin (PHA, Biowest, USA) and incubated overnight at 37 °C in a
humidified incubator under 5% CO2. Flow cytometry analysis was
performed on the various T-cell subsets at the end of cell culture ex-
periment.

2.4. Flow cytometric analysis

To evaluate the frequency of T-regs (CD4+CD25+CD127-
FOXP3+), Th17 cells (CD3+CD8-IL-17+), CD8+T cells
(CD3+CD8+) and CD4+T cells (CD3+CD4+), staining was done
using anti-human monoclonal antibodies (Biolegend, USA) according to
the manufacturer's instructions for cell surface and intracellular flow
cytometric staining. In brief, for T-regs staining, 1×106 PBMCs were
first incubated with anti-CD4-FITC, anti-CD25 PerCP/Cy5.5, and anti-
CD127-APC. After fixation and permeabilization, PBMCs were in-
cubated with anti-FOXP3-PE. To evaluate Th17 cells, 1× 106 PBMCs
were stimulated with cell activation cocktail with Brefeldin A
(Biolegend) and then incubated with anti-CD3-PerCP/Cy5.5 and anti-
CD8-FITC. After fixation and permeabilization, PBMCs were incubated
with anti-IL17A-PE. For staining of CD4+T cells, 1× 106 PBMCs were
incubated with anti-CD3-PerCP/Cy5.5 and anti-CD4-FITC. The stained
cells were acquired on flow cytometer FACSCalibur (BD Biosciences,
USA) and data were analyzed with FlowJo software version 7.6.2
(TreeStar, USA). A representative gating strategy for im-
munophenotyping of T-regs, Th17 cells, CD8+T cells and CD4+T cells
is shown in Fig. 1.

2.5. Statistical analysis

Data were analyzed using generalized estimating equations (GEE)
approach to compare pre and post mesenchymal stem cell transplan-
tation (MSCT) data by IBM SPSS Statistics 21 (IBM Corp, USA).
Statistical significance was defined as P < 0.05.

3. Results

3.1. Patient information

A total of 9 patients with refractory RA (all female, age range 35–54,
mean ± SD 44.66 ± 6.50 years) were enrolled in this study and the
mean ± SD of disease duration was 12.87 ± 4.73 years (range 7–20).
All 9 patients completed 1, 6 and 12 months follow up.
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3.2. Flow cytometric findings

T-regs percentage increased significantly 1 month after MSCT
(mean ± SEM, 4.06 ± 0.80 before MSCT to 8.93 ± 1.77 at 1 month,
P=0.005) and showed a significant decline at 12 months after MSCT
(1.65 ± 0.48, P=0.021 vs. before MSCT). There was no significant
change in T-regs percentage at 6 months after MSCT (6.67 ± 1.40 vs.
before MSCT) (Fig. 2A).
Geometric mean fluorescence intensity (GMFI) for FOXP3 decreased

significantly 6 and 12 months after MSCT (mean ± SEM,

12.55 ± 1.52 before MSCT to 4.71 ± 0.82 at 6 months, P < 0.001 vs.
before MSCT; and to 3.91 ± 0.10 at 12 months, P < 0.001 vs. before
MSCT). There was no significant change in GMFI for FOXP3 at 1 month
after MSCT (17.30 ± 7.21 vs. before MSCT) (Fig. 2B).
Th17 percentage declined after MSCT (mean ± SEM, 6.16 ± 0.80

before MSCT to 4.86 ± 1.00 at 1 month, 4.60 ± 1.14 at 6 months, and
4.10 ± 0.44 at 12 months, with statistic difference at 12 months,
P= 0.003 vs. before MSCT) (Fig. 2C).
GMFI for IL-17A declined significantly 6 and 12 months after MSCT

(mean ± SEM, 8.46 ± 0.99 before MSCT to 5.20 ± 0.69 at 6 months,

Fig. 1. Gating strategy for identification of T-regs, Th17 cells, CD8+ T cells, and CD4+T cells. (A) Gating strategy for identification of T-regs. Lymphocytes were
gated in the forward scatter (FSC) and side scatter (SSC) plot (A1), followed by a CD4 vs. CD127 plot (A2). Then in CD4+CD127- cells, T-regs were discriminated
according to their CD25 and FOXP3 expression, by which CD4+CD127-CD25+FOXP3+ cells are considered as T-regs (A3). (B) Gating strategy for identification of
Th17 and CD8+T cells. Lymphocytes were gated in the FSC and SSC plot (B1), followed by a CD3 vs. CD8 plot (B2). CD3+CD8+ cells were identified as CD8+T
cells. Then in CD3+CD8- cells, Th17 cells were discriminated according to their IL17A expression, by which CD3+CD8-IL-17A+ cells are considered as Th17 cells
(B3). (C) Gating strategy for identification of CD4+T cells. Lymphocytes were gated in the FSC and SSC plot (C1), followed by a CD3 vs. CD4 plot. CD3+CD4+ cells
were identified as CD4+T cells (C2).
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P=0.004 vs. before MSCT; and to 4.59 ± 0.08 at 12 months,
P < 0.001 vs. before MSCT). There was no significant decline in GMFI
for IL-17A at 1 month after MSCT (8.15 ± 0.84 vs. before MSCT).
Additionally, GMFI for IL-17A showed significant decline at 6 months
vs. 1 month, P= 0.013, and at 12 months vs. 1 month, P < 0.001
(Fig. 2D).
No statistically significant difference was seen in CD4+T cells

percentage after MSCT vs. before MSCT (mean ± SEM, 28.06 ± 4.75
before MSCT, 34.35 ± 5.55 at 1 month, 22.56 ± 5.07 at 6 months,
and 27.42 ± 5.15 at 12 months). There was also no significant change
in CD8+T cells percentage after MSCT vs. before MSCT
(mean ± SEM, 17.34 ± 2.19 before MSCT, 16.10 ± 2.81 at 1 month,
10.93 ± 2.17 at 6 months, and 16.05 ± 1.27 at 12 months).

3.3. Clinical and laboratory indicators

DAS28-ESR decreased significantly 1 and 12 months after MSCT
(mean ± SEM, 5.02 ± 0.45 before MSCT to 4.45 ± 0.52 at 1 months,
P=0.003 vs. before MSCT; and to 4.25 ± 0.66 at 12 months,
P=0.003 vs. before MSCT). There was no significant decrease in
DAS28-ESR at 6 months after MSCT (4.74 ± 0.45 at 6 months vs. be-
fore MSCT) (Fig. 3A).
VAS score decreased significantly after MSCT (mean ± SEM, from

7.77 ± 0.64 before MSCT to 6.88 ± 0.73 at 1 month; 5.88 ± 0.90 at
6 months; and 5.66 ± 0.95 at 12 months; P < 0.001). VAS score
showed a significant decrease at 6 and 12 months vs. 1 month,
P < 0.001 (Fig. 3B).

ESR showed a significant decrease at 1 month after MSCT
(mean ± SEM, 11.75 ± 2.75mm before MSCT to 7.00 ± 1.19mm at
1 month, P= 0.036). There was no significant change in ESR at 6 and
12 months after MSCT (16.62 ± 4.93mm at 6 months, and
11.62 ± 4.65mm at 12 months vs. before MSCT). A significant in-
crease in ESR was observed at 6 months vs. 1 month, P=0.041
(Fig. 3C).
No statistically significant difference was seen in serum CRP levels

after MSCT vs. before MSCT (mean ± SEM, 9.71 ± 5.03mg/l before
MSCT, 9.40 ± 4.59mg/l at 1 month, 7.74 ± 2.35mg/l at 6 months,
and 9.07 ± 4.55mg/l at 12 months).
Serum RF levels decreased significantly 1 and 6 months after MSCT

(mean ± SEM, 88.13 ± 19.05 IU/ml before MSCT to 77.51 ± 19.63
IU/ml at 1 months, P= 0.006 vs. before MSCT; and to 59.58 ± 21.10
IU/ml at 6 months, P= 0.014 vs. before MSCT). There was no sig-
nificant change in serum RF levels at 12 months after MSCT
(65.68 ± 18.79 IU/ml at 12 months vs. before MSCT) (Fig. 3D).
There was no significant change in serum anti-CCP levels after

MSCT vs. before MSCT (mean ± SEM, 218.73 ± 41.37 IU/ml before
MSCT, 228.11 ± 43.64 IU/ml at 1 month, 209.83 ± 39.15 IU/ml at 6
months, and 162.41 ± 32.83 IU/ml at 12 months). A significant de-
crease in serum anti-CCP levels was observed at 12 months vs. 6
months, P= 0.021 (Fig. 3E). Clinical amelioration was not accom-
panied by immunological factors (data not shown).

Fig. 2. Flow cytometric findings before and after MSCT. (A) T-regs percentage. (B) GMFI for FOXP3. (C) Th17 cells percentage. (D) GMFI for IL-17 A. Data are
presented as mean ± SEM.
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3.4. Adverse events and complications

No complications or adverse events were observed during or after
infusion of MSCs in any of 9 patients.

4. Discussion

4.1. Flow cytometric findings

In our study, a significant increase was found in T-regs percentage 1
month after MSCT. GMFI for FOXP3 showed a significant decrease at 6
and 12 months vs. before MSCT. We found a decreasing trend in Th17
percentage after MSCT with a significant decrease at 12 months vs.
before MSCT. Furthermore, GMFI for IL-17 showed a decreasing trend

Fig. 3. Clinical and laboratory indicators before and after MSCT. (A) DAS28-ESR. (B) VAS score. (C) ESR. (D) RF. (E) Anti-CCP. Data are presented as mean ± SEM.
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as well as Th17 percentage with a significant decrease at 6 and 12
months vs. before MSCT. No statistically significant difference was seen
in CD4+ and CD8+T cells percentage after MSCT vs. before MSCT.
Our flow cytometric findings are consistent with the findings of clinical
trials for various autoimmune diseases as follows; in a study by Wang
et al., umbilical cord-derived mesenchymal stem cells (UC-MSCs)
therapy in patients with RA resulted in a significant increase in the
number of CD4+CD25+FOXP3+ cells at 3 months after MSCT. In this
study, no significant change was observed in the percentage of CD4+
and CD8+T cells before and after MSCT [33]. Karussis et al. showed
that intravenous injection of autologous bone marrow-derived MSCs
into patients with multiple sclerosis (MS) and amyotrophic lateral
sclerosis (ALS) increased the proportion of CD4+CD25+ regulatory T
cells at 24 h after administration [34]. Ciccocioppo et al. demonstrated
that intrafistular injection of autologous bone marrow-derived MSCs
into patients with refractory Crohn's disease caused an increase in the
percentage of FOXP3+T cells in rectal mucosa at 12 months after in-
jection [35]. Liang et al. evaluated the effects of intravenous allogeneic
UC-MSCs infusion into patients with active systemic lupus er-
ythematosus (SLE). They found a significant increase in the percentage
of peripheral CD4+FOXP3+T cells at 1 week, 3 and 6 months after
infusion [36]. In another study, Li et al. indicated that infusion of al-
logeneic bone marrow / umbilical cord-derived MSCs into SLE patients
resulted in a significance increase in the peripheral
CD4+CD25+FOXP3+T cells at 1 month after MSCT. Additionally, a
significant decrease in peripheral percentage of Th17 cells was ob-
served at 1 week, 1, 3, 6 and 12 months after MSCT [37].
T-regs as key mediators of immunological self-tolerance have a

protective role in autoimmune diseases such as RA [38,39]. The
lineage-specific transcription factor FOXP3 plays a crucial role in the
development and suppressor properties of T-regs [13]. Previous studies
showed a decline in the number of peripheral T-regs in patients with RA
[14,15]. Th17 cells (also known as IL-17-producing T cells) are in-
flammatory mediators of cell-mediated immunity contributing to the
pathogenesis of RA [9]. The number of peripheral Th17 cells increase in
patients with RA [10,11]. There is evidence suggesting the crucial role
of T-reg/Th17 imbalance in the pathogenesis and progression of RA
[14,15]. In our study, decrease in T-regs percentage and GMFI for
FOXP3 from 1 month to 12 months following MSCT implies that more
than one injection or a higher dose of MSCs may be required to main-
tain the expansion of T-regs in refractory RA. A significant decrease in
the number of Th17 cells and also IL-17 was detected after treatment
with MSCs, but due to the lack of correlation between the improvement
of clinical symptoms and the decreasing in Th17 and IL-17, this might
not be a consequence of the intervention. Therefore increasing the
sample size and having a control group (patients with refractory RA
who do not receive the MSCs) might be very useful to obtain a better
understanding about mechanisms and effects of MSCs on the im-
munological factors. There is some evidence suggesting that T-regs
down-regulate or lose FOXP3 expression with the progression of RA and
trans-differentiate into Th17 (IL-17+FOXP3+) cells which have a high
tendency to accumulate in inflamed joints [40]. Further studies on the
effects of MSCT on IL-17+FOXP3+T cells and their immunological
function in refractory RA could provide new insights into the ther-
apeutic potential of MSCs.

4.2. Clinical and laboratory indicators

In the present study, DAS28-ESR and VAS scores were employed to
evaluate RA disease activity and self-assessed pain, respectively. In
parallel, ESR and serum levels of RF, CRP, and anti-CCP were evaluated
as biomarkers for RA. We found a significant decrease in DAS28-ESR at
1 and 12 months after MSCT. VAS score showed a significant decreasing
trend during the follow-up period vs. before MSCT. A significant de-
crease was observed in ESR at 1 month after MSCT. Serum CRP and
anti-CCP levels showed no statistically significant difference after MSCT

vs. before MSCT. Serum RF levels indicated a significant decrease at 1
and 6 months after MSCT. Previous studies evaluated the effects of al-
logeneic MSCT on clinical and laboratory markers in refractory RA that
are referred to below. Wang et al. observed a significant decrease in
DAS28 score, serum CRP and RF levels at 3 months after allogeneic UC-
MSCs therapy in refractory RA patients [33]. Alvaro-Gracia et al. de-
monstrated that intravenous administration of allogeneic adipose-de-
rived MSCs into refractory RA patients led to a decrease in DAS28-ESR
score and serum CRP levels at 1, 2 and 3 months after administration
[41]. Liang et al. found a decrease in DAS28, VAS score and ESR at 1
and 6 months after allogeneic bone marrow/ umbilical cord-derived
MSCT in refractory RA patients [42].
DAS28-ESR represents the severity of RA using clinical and la-

boratory data as swollen and tender joint counts, whereas the ESR is an
indicator of inflammation [43]. Our data suggest that autologous bone
marrow-derived MSCs can reduce the severity of disease in refractory
RA patients. In addition, a significant decreasing trend was observed in
our patients following MSCT in VAS as an indicator of pain intensity,
which indicates an improvement in the quality of life.
ESR and CRP as non-specific indicators of inflammation are com-

monly used in diagnosing and monitoring the disease progression of RA
[44]. Our data suggest that the serum CRP levels are less affected by
MSCs than ESR. In contrast to previous studies [33,41] we found non-
significant changes in serum CRP levels after autologous bone marrow-
derived MSCT. As mentioned in the method section, all patients con-
tinued to receive conventional therapy during the study. One of the
goals of conventional therapy in RA is to attenuate the inflammatory
process [17]. Serum CRP levels may be more affected by conventional
therapy than our intervention and reached a stable level. RF and anti-
CCP are the most important autoantibodies in the serum of RA patients
[45]. Our data suggest that serum RF level is affected by autologous
bone marrow-derived MSCs more and faster than serum anti-CCP le-
vels.

4.3. Suggestion for future research

Due to impaired bone marrow-derived MSCs proliferative and clo-
nogenic potential in RA patients compared to normal MSCs [46], some
studies suggest allogeneic MSCs as an alternative to autologous MSCs
for therapeutic purpose in RA [33]. To the best our knowledge, our
study was the first attempt to evaluate the therapeutic effects of in-
travenous administration of autologous bone-marrow-derived MSCs in
refractory RA. Our findings indicate that autologous bone marrow-de-
rived MSCs improve disease activity in refractory RA patients. In this
study, we isolated autologous MSCs from bone marrow aspirate. Bone
marrow aspiration is an invasive procedure and patients feel more
comfortable using other source of MSCs such as adipose tissue or al-
logeneic MSCs. Therefore, we suggest that another study should be
conducted in order to compare the effects of autologous transplantation
of MSCs from different sources including adipose tissue as an im-
munomodulatory factors on refractory RA.

5. Conclusion

Our data demonstrated that autologous bone marrow-derived MSCs
ameliorate the severity and activity of refractory RA. Further studies are
necessary in order to determine the optimal dosage and injection
schedule for autologous bone marrow-derived MSCs so as to have a
better conclusion regarding therapeutic benefits of these cells in re-
fractory RA patients.
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