
MESENCHYMAL STROMAL CELLS

Intra-articular knee implantation of autologous bone marrow–derived
mesenchymal stromal cells in rheumatoid arthritis patients with knee
involvement: Results of a randomized, triple-blind, placebo-controlled
phase 1/2 clinical trial

SORAYA SHADMANFAR1,†, NARGES LABIBZADEH2,†, MOHSEN EMADEDIN2,
NEDA JAROUGHI2, VAJIHEH AZIMIAN2, SOURA MARDPOUR2,
FATEMEH ABBASI KAKROODI2, TINA BOLURIEH2, SEYYEDEH ESMAT HOSSEINI2,
MOHAMMAD CHEHRAZI3, MARYAM NIKNEJADI4, HOSSEIN BAHARVAND2,
FARHAD GHARIBDOOST5 & NASSER AGHDAMI2

1Rheumatology Department, Baqiyatallah Hospital, Baqiyatallah University of Medical Sciences,Tehran, Iran,
2Department of Regenerative Medicine, Cell Science Research Center, Royan Institute for Stem Cell Biology and
Technology, Iranian Academic Center for Education, Culture and Research (ACECR),Tehran, Iran, 3Department of
Epidemiology and Reproductive Health, Reproductive Epidemiology Research Center, Royan Institute for Reproductive
Biomedicine, Iranian Academic Center for Education, Culture and Research (ACECR),Tehran, Iran, 4Department of
Reproductive Imaging, Reproductive Biomedicine Research Center, Royan Institute for Reproductive Biomedicine,
Iranian Academic Center for Education, Culture and Research (ACECR),Tehran, Iran, and 5Rheumatology Research
Center, Shariati Hospital,Tehran University of Medical Sciences,Tehran, Iran

Abstract
Background. In this study, we intend to assess the safety and tolerability of intra-articular knee implantation of autologous
bone marrow–derived mesenchymal stromal cells (MSCs) in patients with rheumatoid arthritis (RA) and to determine the
preliminary clinical efficacy data in this population. The trial registration numbers are as follows: Royan Institute Ethics
Committee: AC/91/1133; NCT01873625. Methods. This single-center, randomized, triple-blind, placebo-controlled phase
1/2 clinical trial randomized RA patients with knee involvement to receive either an intra-articular knee implantation of 40
million autologous bone marrow–derived MSCs per joint or normal saline (placebo). Patients were followed up for 12 months
to assess therapy outcomes. Results. A total of 30 patients, 15 in the MSC group and 15 in the placebo group, enrolled in
this study. There were no adverse effects reported after MSC administration or during follow-up. Patients who received
MSCs had superior findings according to theWestern Ontario and McMaster Universities Arthritis Index (WOMAC), visual
analogue scale (VAS), time to jelling and pain-free walking distance. However, this improvement could not be significantly
sustained beyond 12 months. The MSC group exhibited improved standing time (P = 0.01). In addition, the MSCs ap-
peared to contribute to reductions in methotrexate and prednisolone use. Conclusion. Intra-articular knee implantation of
MSCs appeared to be safe and well tolerated. In addition, we observed a trend toward clinical efficacy. These results, in
our opinion, have justified the need for further investigations over an extended assessment period with larger numbers of
RA patients who have knee involvement.
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Introduction

Rheumatoid arthritis (RA) is an inflammatory poly-
arthritis with a worldwide prevalence of approximately
0.5–1% in adults 40–50 years of age [1]. Knee in-
volvement is one of the major consequences of this
disease that causes chronic pain and disability. Adap-
tive immune responses mediated by B andT cells have
an important role in pathogenesis of autoimmune dis-
eases, such as RA, in which joint fibroblast activation
contributes to joint destruction [1,2]. Knee involve-
ment in RA occurs because of a chronic inflammatory
process that results in tissue destruction due to leu-
kocyte infiltration into the synovial compartment and
secretion of inflammatory cytokines [1,2]. Recom-
mendations for three primary treatments to be
used in RA patients with knee joint pain include
nonsteroidal anti-inflammatory drugs (NSAIDs),
corticosteroids and disease-modifying anti-arthritic
drugs (DMARDs) such as methotrexate (MTX). Un-
fortunately, these medications exhibit numerous adverse
effects that may cause additional problems (e.g., os-
teoporosis) for patients [3,4]. In addition, a significant
number of patients do not respond to these drugs and
need new therapies. Although total knee arthro-
plasty (TKA) is the last option for RA patients with
knee involvement, there exists a higher risk for sys-
temic complications, infections and further replacement
after TKA in these patients [5,6]. Medication adverse
effects and younger age justify the use of TKA. Re-
searchers are motivated to find a less-invasive treatment
method with decreased adverse effects for RA pa-
tients with knee involvement.

In the previous year, mesenchymal stromal cells
(MSCs) have been proposed as a possible biological
therapy for various diseases [7]. MSCs not only have
the potential to differentiate into diverse cell lin-
eages, they also mediate a wide spectrum of
immunoregulatory activities that usually modulate
innate and adaptive immune responses. These prop-
erties have led to interest in the prospect for developing
novel cell therapies for autoimmune disease.The pre-
clinical results have been promising in experimental
models of autoimmune/inflammatory disorders such
as RA [8–10], systemic lupus erythematosus (SLE)
[11–13], Crohn’s disease (CD) [14,15] and multi-
ple sclerosis (MS) [16,17]. Clinical trials show
encouraging results for autoimmune/inflammatory dis-
orders such as knee osteoarthritis [18–22], SLE
[23,24], CD [25], MS [26,27] and graft-versus-host
disease (GVHD) [28,29].

There are a limited number of clinical trials that
evaluated MSCs for RA patients. Until now, two ar-
ticles have been published that discussed the treatment
of RA patients with intravenous infusion of MSCs
[30,31]. A nonrandomized comparative trial of 172

RA patients considered unresponsive to classical medi-
cations assigned 136 patients to receive umbilical cord
MSCs and vehicle for 36 patients [30].Treatment with
MSCs induced significant disease remission for 3–6
months. Repeated infusions administered twice at
3-month intervals enhanced therapeutic efficacy.
Alvaro-Gracia et al. [31] recently reported results from
a multicenter, dose escalation, randomized, single-
blind, placebo-controlled, phase 1/2 clinical trial that
enrolled 53 patients with RA who received adipose-
derived MSCs.The results showed the safety of MSCs.
The treatment was well-tolerated and they observed
a trend for clinical efficacy during 6 months of
follow-up.

Therefore, there is a need to explore the effect of
MSCs in a randomized trial to gain insight into effi-
cacy for RA patients with knee involvement. In this
triple-blind placebo-controlled clinical trial, we have
sought to randomly assess the safety and tolerability
of intra-articular knee injection of autologous bone
marrow MSCs in RA patients with knee involve-
ment. We also obtained preliminary clinical efficacy
information in this controlled study.

Materials and methods

Study design

This was a triple-blind, single-center, placebo-controlled
phase 1/2 clinical trial of intra-articular knee implan-
tation of MSCs into the knee joints of RA patients
with knee involvement. We used autologous bone
marrow MSCs that fulfilled the International Society
of Cellular Therapy (ISCT) criteria [32]. A single,
trained physician evaluated eligible patients to collect
baseline characteristics and select one knee joint for
intervention. In this study, a statistician calculated a
sample size of 60 patients.We randomly assigned pa-
tients to the study (MSC) or placebo (normal saline)
groups based on the block (size 4) randomization
method. For this purpose, the statistician used a
random process to generate the sequences.

Patients could continue taking DMARDS during
the study. However, we excluded the use of NSAIDs
to avoid confounding effects with MSCs. Patients with
postimplantation or injection pain for less than 1 month
could take NSAIDs for pain relief under physician
supervision.

Ethics

The Royan Ethics Committee approved this study,
which we conducted according to good clinical prac-
tice standards and the amended Declaration of Helsinki
(Seoul, October 2008). All patients signed a written
informed consent form for study participation.
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Patients and procedures

This study included patients 18–65 years of age.
After we evaluated patients’ medical histories, each
patient underwent a physical examination to confirm
the preliminary diagnosis of RA according to the
American College of Rheumatology (ACR) 2010 cri-
teria. Serum and urine biochemical tests were
conducted to evaluate the presence of any acute
and/or chronic underlying diseases. Exclusion crite-
ria consisted of any history of uncontrolled chronic
diseases other than RA, any injections into the studied
knee in the last 3 months and any congenital or
acquired diseases that resulted in knee malforma-
tions that would affect the results of the trial.
Supplementary Table S1 lists the inclusion and ex-
clusion criteria. Then, 30 patients (29 women and 1
man) were enrolled in this trial after completion of
the eligibility assessments. Patients had a mean age
of 48.9 ± 1.7 years and confirmed diagnosis of RA
with knee involvement. Enrolled patients had Kellgren-
Lawrence grades 2 and 4 based on upright position
radiology of the knees.

Intervention

All study personnel and participants, with the excep-
tion of the clean room director, were blinded to the
treatment assignments. Each patient received an in-
jection of MSCs/joint (study group) or normal saline
(placebo group). The Good Manufacturing Practice
(GMP) cell product facility prepared 10-mL identi-
cal covered syringes with 22-gauge needles that
contained either MSCs or normal saline. According
to each patient’s code, this ready-to-inject syringe was
transported to the operating room at Royan Insti-
tute.The patient’s knee was prepped and draped using
povidone iodine by an experienced nurse.The ortho-
pedic surgeon who administered the injection used a
superomedial approach to the selected knee joint under
sterile conditions.

Assessments

The patients returned for follow-up visits at 1, 3, 6
and 12 months after the injection. The same physi-
cian recorded all safety and efficacy outcomes.

Safety profile
We used the Common Terminology Criteria for
Adverse Events (CTCAE) version 4.0 to assess any
potential adverse events, whether related or not to the
treatment. Major related adverse events included pul-
monary embolism and severe allergic reactions to the
intervention.

Efficacy profile
We used a 1.5Tesla magnetic resonance imaging (MRI)
unit (VB33D Vision Plus; Siemens) for radiological
evaluations as previously described [33].

Efficacy outcomes were assessed based on the pa-
tients’ baseline conditions and after intervention.
Assessment criteria included Disease Activity Score
28 (DAS 28) and theWestern Ontario and McMaster
Universities Arthritis Index (WOMAC) scores in ad-
dition to subscales of pain, stiffness, physical function
and time to jelling (minutes). Other assessments in-
cluded a visual analogue scale (VAS; numbered),
walking distance (meters), pain-free walking dis-
tance (meters), standing time (minutes) and doses of
prednisolone (mg per day) and MTX (mg per week).
Biochemical tests, as previously described (except for
viral markers), were obtained at 3, 6 and 12 months
after the intervention.

Statistical analysis

Data are presented as mean ± standard error (SE) or
95% confidence interval (CI). Demographic charac-
terization data are presented as mean ± standard
deviation (SD). We used analysis of covariance
(ANCOVA) for repeated measures to determine the
effects of both groups over a defined period of time.
If the main effect F ratio was significant, we per-
formedTukey post-hoc analysis to identify differences
among time points. The statistical software program
Stata version 14 was used for data analysis. In addi-
tion, GraphPad Prism version 6 was used to produce
graphs. P ≤ 0.05 was considered statistically significant.

Results

Figure 1 describes the study outline.We assessed 150
RA patients with knee involvement from October 2011
to December 2013. From these patients, 119 indi-
viduals did not complete the screening process: 79
individuals did not meet the inclusion criteria and 40
individuals declined to participate. We randomly as-
signed the remaining 30 patients to either the MSC
(n = 15) or placebo (n = 15) groups.There were two
patients in the MSC group who were excluded ac-
cording to predefined criteria. Consent withdrawal was
the main reason for exclusion from the MSC-treated
group. Demographic and baseline characteristics of the
trial population did not significantly differ between the
two groups (Table I). Participants were mostly women
(96%) with a mean age of approximately 50 years and
were moderately overweight (average body mass index
[BMI] of approximately 29). Kellgren-Lawrence ra-
diological grades 3 and 4 were evenly distributed.
Patients’ RA knee symptoms were moderate to severe.
Average pain based on VAS score of the affected knee
was 40 mm.
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All recruited patients in the MSC and placebo
groups underwent bone marrow aspiration (150 mL)
from their iliac crests. Bone marrow aspiration as well
as MSC isolation and preparation were performed as
previously described [22]. Cells obtained from pa-
tients were relatively homogenous and had a fibroblastic
appearance at 7–10 days after culturing. This mor-
phology did not change until use. All cells showed MSC
surface antigens according to the ISCT criteria
(Supplementary Figure S1) [32].The cells were sus-
pended in 5 mL normal saline supplemented with 2%
autologous serum. In the placebo group, patients re-
ceived vehicle (5 mL) composed of normal saline
supplemented with 2% autologous serum. Each patient
in the MSC-treated group received an injection of
42 ± 4 × 106 cells in 5 mL of normal saline into the
affected study knee joint (Supplementary Table S2).

The results of this trial showed that the MSCs and
placebo injections were safe and well-tolerated.There
were no adverse effects observed after MSC admin-
istration or during follow-up. We noted the presence
of only pain and/or articular swelling at 1 month after
the injection, which resolved with NSAIDs adminis-
tration (Table II).

MSCs showed superiority in a number of second-
ary endpoints to the placebo group. However,
improvement could not be significantly sustained
beyond 12 months. In both groups, we observed
changes in the WOMAC pain subscale from base-
line (Figure 2). MSC-treated patients showed
improvements during the first month after treat-
ment, which was maintained until the end of the study.
However, the trend in the placebo-treated group was

that the patients did not experience consistent im-
provement during the entire trial. At the 12-month
follow-up, WOMAC pain score in the MSC-treated
group decreased to −16.5 ± 13.5 compared with
−6.7 ± 13.6 for the placebo group (Table III). Knee
pain, as assessed using VAS, decreased by more than
50% in the MSC-treated group at the 12-month
follow-up point.This reduction was less marked in the
placebo group. We observed the same degree of ef-
fectiveness in terms of the pain and physical function
WOMAC subscales, and for the WOMAC total score
in the MSC-treated versus placebo-treated groups.
Although there were no statistically significant differ-
ences observed in these findings between the two
groups, the MSC-treated group had a better trend
(Figure 2). The MSC group had superior results
according to time to jelling and pain-free walking

Figure 1. Study description.

Table I. Participants’ demographic characteristicsa.

MSCs
(n = 13)

Placebo
(n = 15)

Age (y) 50.4 (8.5) 48.1 (10.8)
Women (%) 13 (100) 13.0 (86.6)
BMI (kg/m2) 28.9 (10.4) 28.6 (5.0)
Kellgren-Lawrence, N (%)

Grade 2 0 (0) 0 (0)
Grade 3 7.0 (53.8) 7.0 (46.6)
Grade 4 6.0 (46.1) 7.0 (46.6)

WOMAC (0–100 scale)
Total index 62.7 (10.4) 52.4 (18.4)
Pain subscale 62.8 (14.0) 52.3 (22.1)
Physical function
subscale

64.2 (9.6) 54.2 (18.7)

Stiffness subscale 50.0 (26.6) 35.8 (34.3)
VAS for affected knee

(0–10 cm)
3.3 (0.6) 3.8 (0.7)

Time to jelling (min) 22.1 (20.5) 28.7 (31.1)
Standing time (min) 10.6 (8.9) 11.9 (20.2)
Walking distance (m) 1137.5 (1231.1) 1016.0 (1320.1)
Pain-free walking

distance (m)
396.9 (447.3) 669.4 (1271.8)

Knee flesam (cm)
Right 2.4 (4.4) 1.5 (1.8)
Left 2.4 (3.6) 2.2 (3.1)

Knee flexion limitation
(degrees)
Right 125.6 (13.1) 127.1 (19.8)
Left 125.3 (17.2) 126.7 (12.9)

Heel to femur length (cm)
Right 16.2 (6.9) 16.4 (6.9)
Left 19.7 (7.9) 16.7 (6.6)

Swollen joint (numbers) 0.4 (0.61) 0.4 (0.7)
Time of onset (min) 127.8 (100.9) 153.9 (109.3)
Prednisolone intake (mg)

per day
8.2 (2.6) 6.5 (2.8)

MTX intake (mg) per wk 16.2 (11.9) 14.4 (13.0)

Data are mean (SD).
BMI, body mass index.
aThere were no significant differences between groups in demo-
graphic characteristics as evaluated using the paired t test.
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distance; however, this improvement could not be sig-
nificantly sustained beyond 12 months (Figure 3;
Table III). On the other hand, the MSC group ex-
hibited an improvement in standing time (P = 0.01;
Figure 3; Table III).There were no significant changes
in DAS 28 scores and laboratory analyses (erythro-
cyte sedimentation rates [ESR] and C-reactive protein
[CRP]) between both groups (Table III; Supplementary
Figure S2).The MSCs appeared to contribute to re-
ductions in MTX (P < 0.05) and prednisolone intake
during the first 6 months of follow-up (Supplementary
Figure S2) but not after 1 year (Table III).The MRI
imaging score of the knee did not reveal any differences

from baseline and the placebo group, but showed a
trend toward improvement in some of the patients who
received MSCs (Supplementary Figure S3).

At the 12-month follow-up, patients reported im-
proved physical and mental subscales (Short Form
Survey-36) in the treatment group, but this did not
significantly differ from that reported by the placebo-
treated subjects (data not shown).

Discussion

To the best of our knowledge, this was the first ran-
domized, triple-blind, placebo-controlled trial with

Table II. Number and proportion of patients with adverse events.

Minor adverse events MSCs (%) Placebo (%) Overall (%)

Postimplantation pain and/or articular swelling within
1 mo after implantation (expected/study related),
responded to NSAIDs

9 (69.2) 10 (66.7) 19 (67.8)

Unexpected articular pain and/or swelling in each
joint, (unexpected, unrelated)

0 (0) 0 (0) 0 (0)

Other: menstrual disorders, influenza, migraine,
toothache, restlessness, memory loss, testicular pain,
rhinitis, sensitive hand alteration, sleepiness, allergic
reaction, tinnitus, dental implant, lipoma, skin tumor
(unexpected, unrelated)

2 (15.4) migraine 14 (93.3) influenza 2 (7.1) migraine
12 (92.3) influenza 13 (86.7) rhinitis 26 (92.8) influenza
10 (76.9) rhinitis 23 (82.1) rhinitis
5 (38.5) sleepiness 5 (17.8) sleepiness
2 (15.4) allergic reaction 2 (7.1) allergic reaction

Figure 2. The WOMAC subscale changes in MSC- and placebo-treated groups.
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bone marrow MSCs in RA patients who had knee
involvement. The most important findings of our
work were the safety and feasibility of intra-articular
knee injections with bone marrow-derived MSCs in
patients with RA in addition to the superiority of

clinical outcomes in patients who received the MSCs.
However, due to the small number of participants, these
findings were not significant compared with the
placebo-treated group, with the exception of stand-
ing time.

Table III. Mean changes and 95% CI from baseline to the study endpoint (12 mo after implantation) for clinical and paraclinical param-
eters in MSC- and placebo-treated groups.

MSC (n = 13) Placebo (n = 15) Difference Pa Effect size

WOMAC pain −16.5 (−30.5–−2.6) −6.7 (−20.3–6.9) −9.88 (−29.5–9.7) 0.31 0.04
WOMAC function −16.5 (−30.4–−2.6) −9.6 (−20.8–1.6) −6.9 (−24.6–10.8) 0.43 0.02
WOMAC stiffness −8.6 (−26.4–9.1) 3.3 (−14.1–20.8) −12.00 (−37.0–13.0) 0.33 0.03
WOMAC total −16.1 (−27.7–−4.4) −6.9 (−17.7–3.9) −9.2 (−25.0–6.7) 0.25 0.05
VAS −2.2 (−3.6–−0.9) −1.7 (−4.0–0.6) −0.5 (−3.3–2.3) 0.72 0.005
Time to jelling 42.1 (15.9–68.3) 24 (−5.9–53.6) 18.1 (−22.1–58.2) 0.36 0.03
MTX −2.4 (−6.9–2.1) −0.8 (−10.9–9.3) −1.6 (−13.3–10.1) 0.78 0.003
HF −0.8 (−2.2–0.6) −0.13 (−2.5–2.2) −0.6 (−3.5–2.2) 0.65 0.01
PND −0.9 (−3.6–1.9) 0.4 (−1.6–2.4) −1.3 (−4.6–2.1) 0.44 0.02
Pain F WD 2434.6 (1276.9–3592.4) 790.6 (−473.0–2054.2) 1644.0 (−93.0–3381.0) 0.06 0.12
ESR −5.9 (−14.5–2.7) −6.1 (−17.0–4.7) 0.2 (−14.0–14.4) 0.97 0.00003
CRP −0.2 (−0.5–0.2) −0.3 (−0.6–−0.1) 0.2 (−0.2–0.6) 0.37 0.03
DAS 28 −0.4 (−0.7–−0.1) −0.4 (−0.8–0.1) −0.01 (−0.6–0.5) 0.96 0.00008
Standing time 22.9 (5.4–40.4) −1.3 (−11.9–9.4) 24.2 (4.3–44.1) 0.02a 0.19
WD 1707.7 (338.9–3076.5) 764 (−347.2–1875.2) 943.7 (−804.8–2716.9) 0.28 0.04

The data presented as mean. The data in parentheses represent 95% CI.
HF, heel to femur; PND, prednisolone; Pain FWD, pain-free walking distance; ESR, erythrocyte sedimentation rate; CRP, C-reactive protein;
WD, walking distance.
aSignificant at P < 0.05.

Figure 3. Clinical parameter changes in the MSC- and placebo-treated groups. (A) VAS in mm. (B) Time to jelling. (C) Standing time.
*P < 0.05.
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The exact mechanism by which MSCs exert their
therapeutic effects is not fully understood. However,
these cells exhibit multilineage differentiation into os-
teocytes, adipocytes and chondrocytes [32] and mediate
a wide spectrum of immunoregulatory activities that
usually modulate innate and adaptive immune re-
sponses [14].These cells inhibit the pro-inflammatory
activities of neutrophils and proliferation, cytokine pro-
duction and cytotoxic activity of resting natural killer
(NK) cells. MSCs also inhibitT-cell proliferation while
promoting the development of regulatoryT (Treg) cells.
In this regard, a clinical trial for RA with MSCs has
demonstrated that the patient group that received
MSCs showed significant remission of the disease.This
result correlated with an increased numbers of Treg
cells in their peripheral blood [30]. Finally, MSCs have
been shown to inhibit proliferation and expansion of
T-cell populations at the edge between adaptive and
innate immunity [34].

The therapeutic dosage of MSCs remains unclear
and depends on the therapeutic application. In the
current study, we have used approximately 40 million
autologous MSCs. The number of clinical random-
ized trials that compare cell dosage is limited. In an
interesting study, Orozco et al. [18] have reported im-
provements in pain and function with the use of a single
intra-articular injection of 40 million autologous MSCs.
In another randomized clinical trial that used alloge-
neic MSCs, Vega et al. [19] reported good clinical
outcomes in pain control and function after a single
intra-articular injection of 40 million allogeneic MSCs.
In a recent clinical study, Gupta et al. [20] com-
pared the administration of different dosages of
allogeneic MSCs (25, 50, 75 and 150 million cells)
in the knee of osteoarthritis patients. They observed
that one injection of 25 million cells was safe. A trend
toward improvement was seen in all evaluated pa-
rameters although the findings were not statistically
significant compared with the placebo. Adverse events
(knee pain and swelling) were predominant com-
plaints in the higher-dose groups [20]. On the other
hand,Yubo et al. reviewed 11 eligible trials with 582
knee osteoarthritis patients who received injections of
MSCs intra-articularly into the knee; MSCs induced
pain relief and functional improvement [35]. In these
trials, the patients received cell infusions that ranged
from 1–150 million MSCs [35]. In a clinical trial for
RA that used 10–100 million autologous MSCs, the
researchers noted improvements in the high-dose group
[21].Wang et al. [30] administered 40 million MSCs
in RA patients. Alvaro-Gracia et al. [31] used doses
of 1, 2, and 4 million adipose-derived MSCs/kg on
days 1, 8 and 15 intravenously. Patients were fol-
lowed up for therapy assessments for 6 months.There
was no apparent relationship between dose and tol-
erability. Therefore, the heterogeneity in the

methodology used in the different studies with dif-
ferent cell production methods and dosage precluded
these authors from obtaining solid conclusions.

The limitations of the current study include the
limited number of patients. In contrast, the random-
ized placebo-controlled design and the triple-blind
evaluation of efficacy are the main study strengths. Our
results have suggested that an intra-articular knee in-
jection of MSCs is generally safe and well tolerated
at the dose and time period studied. The prelimi-
nary clinical efficacy data of these cells have been
demonstrated in a limited population number of RA
patients with knee involvement.To strengthen the con-
clusion derived from this study, we propose that further
investigations over an extended period of time with
larger numbers of participants are necessary to clarify
the therapeutic potential of MSCs in RA patients with
knee involvement.

Acknowledgment

This trial was supported by a grant from Royan In-
stitute. We gratefully express our appreciation to Dr.
Moininia for the bone marrow aspirations.We express
our appreciation to members of the Department of
Regenerative Medicine for their expertise and feed-
back.We would particularly like to thank the patients
and their families for participating in this study.

Disclosure of interests: We declare that we have no
conflicts of interest.

References

[1] McInnes IB, Schett G. The pathogenesis of rheumatoid
arthritis. N Engl J Med 2011;365:2205–19.

[2] McInnes IB, Schett G. Pathogenetic insights from the
treatment of rheumatoid arthritis. Lancet 2017;389:2328–37.

[3] Cohen G, Gossec L, Dougados M, Cantagrel A, Goupille P,
Daures JP, et al. Radiological damage in patients with
rheumatoid arthritis on sustained remission. Ann Rheum Dis
2007;66:358–63.

[4] Yilmaz L, Ozoran K, Gunduz OH, Uçan H, Yücel M.
Alendronate in rheumatoid arthritis patients treated with
methotrexate and glucocorticoids. Rheumatol Int 2001;20:65–
9.

[5] Singh JA, Inacio MC, Namba RS, Paxton EW. Rheumatoid
arthritis is associated with higher ninety-day hospital
readmission rates compared to osteoarthritis after hip or knee
arthroplasty: a cohort study. Arthritis Care Res (Hoboken)
2015;67:718–24.

[6] Dusad A, Pedro S, Mikuls TR, Hartman CW, Garvin KL,
O’Dell JR, et al. Impact of total knee arthroplasty as assessed
using patient-reported pain and health-related quality of life
indices: rheumatoid arthritis versus osteoarthritis. Arthritis
Rheumatol 2015;67:2503–11.

[7] Squillaro T, Peluso G, Galderisi U. Clinical trials with
mesenchymal stem cells: an update. Cell Transplant
2016;25:829–48.

[8] Augello A, Tasso R, Negrini SM, Cancedda R, Pennesi G.
Cell therapy using allogeneic bone marrow mesenchymal stem

MSC implantation in knee of RA patients 505

Downloaded for Anonymous User (n/a) at RUSH UNIVERSITY from ClinicalKey.com by Elsevier on June 25, 2019.
For personal use only. No other uses without permission. Copyright ©2019. Elsevier Inc. All rights reserved.

http://refhub.elsevier.com/S1465-3249(18)30001-X/sr0010
http://refhub.elsevier.com/S1465-3249(18)30001-X/sr0010
http://refhub.elsevier.com/S1465-3249(18)30001-X/sr0015
http://refhub.elsevier.com/S1465-3249(18)30001-X/sr0015
http://refhub.elsevier.com/S1465-3249(18)30001-X/sr0020
http://refhub.elsevier.com/S1465-3249(18)30001-X/sr0020
http://refhub.elsevier.com/S1465-3249(18)30001-X/sr0020
http://refhub.elsevier.com/S1465-3249(18)30001-X/sr0020
http://refhub.elsevier.com/S1465-3249(18)30001-X/sr0025
http://refhub.elsevier.com/S1465-3249(18)30001-X/sr0025
http://refhub.elsevier.com/S1465-3249(18)30001-X/sr0025
http://refhub.elsevier.com/S1465-3249(18)30001-X/sr0025
http://refhub.elsevier.com/S1465-3249(18)30001-X/sr0030
http://refhub.elsevier.com/S1465-3249(18)30001-X/sr0030
http://refhub.elsevier.com/S1465-3249(18)30001-X/sr0030
http://refhub.elsevier.com/S1465-3249(18)30001-X/sr0030
http://refhub.elsevier.com/S1465-3249(18)30001-X/sr0030
http://refhub.elsevier.com/S1465-3249(18)30001-X/sr0035
http://refhub.elsevier.com/S1465-3249(18)30001-X/sr0035
http://refhub.elsevier.com/S1465-3249(18)30001-X/sr0035
http://refhub.elsevier.com/S1465-3249(18)30001-X/sr0035
http://refhub.elsevier.com/S1465-3249(18)30001-X/sr0035
http://refhub.elsevier.com/S1465-3249(18)30001-X/sr0040
http://refhub.elsevier.com/S1465-3249(18)30001-X/sr0040
http://refhub.elsevier.com/S1465-3249(18)30001-X/sr0040
http://refhub.elsevier.com/S1465-3249(18)30001-X/sr0045
http://refhub.elsevier.com/S1465-3249(18)30001-X/sr0045


cells prevents tissue damage in collagen-induced arthritis.
Arthritis Rheum 2007;56:1175–86.

[9] Gonzalez MA, Gonzalez-Rey E, Rico L, Büscher D, Delgado
M. Treatment of experimental arthritis by inducing immune
tolerance with human adipose-derived mesenchymal stem cells.
Arthritis Rheum 2009;60:1006–19.

[10] Zhang L, Wang XY, Zhou PJ, He Z, Yan HZ, Xu DD, et al.
Use of immune modulation by human adipose-derived
mesenchymal stem cells to treat experimental arthritis in mice.
Am J Transl Res 2017;9:2595–607.

[11] Sun L, Akiyama K, Zhang H, Yamaza T, Hou Y, Zhao S, et al.
Mesenchymal stem cell transplantation reverses multiorgan
dysfunction in systemic lupus erythematosus mice and
humans. Stem Cells 2009;27:1421–32.

[12] Zhou K, Zhang H, Jin O, Feng X, Yao G, Hou Y, et al.
Transplantation of human bone marrow mesenchymal stem
cell ameliorates the autoimmune pathogenesis in MRL/lpr
mice. Cell Mol Immunol 2008;5:417–24.

[13] Choi EW, Shin IS, Park SY, Park JH, Kim JS, Yoon EJ, et al.
Reversal of serologic, immunologic, and histologic dysfunction
in mice with systemic lupus erythematosus by long-term serial
adipose tissue-derived mesenchymal stem cell transplantation.
Arthritis Rheum 2012;64:243–53.

[14] Gonzalez MA, Gonzalez-Rey E, Rico L, Büscher D, Delgado
M. Adipose-derived mesenchymal stem cells alleviate
experimental colitis by inhibiting inflammatory and
autoimmune responses. Gastroenterology 2009;136:978–
89.

[15] Hayashi Y, Tsuji S, Tsujii M, Nishida T, Ishii S, Iijima H,
et al. Topical implantation of mesenchymal stem cells has
beneficial effects on healing of experimental colitis in rats. J
Pharmacol Exp Ther 2008;326:523–31.

[16] Zappia E, Casazza S, Pedemonte E, Benvenuto F, Bonanni
I, Gerdoni E, et al. Mesenchymal stem cells ameliorate
experimental autoimmune encephalomyelitis inducing T-cell
anergy. Blood 2005;106:1755–61.

[17] Rafei M, Campeau PM, Aguilar-Mahecha A, Buchanan M,
Williams P, Birman E, et al. Mesenchymal stromal cells
ameliorate experimental autoimmune encephalomyelitis by
inhibiting CD4 Th17 T cells in a CC chemokine ligand
2-dependent manner. J Immunol 2009;182:5994–6002.

[18] Orozco L, Munar A, Soler R, Alberca M, Soler F, Huguet
M, et al. Treatment of knee osteoarthritis with autologous
mesenchymal stem cells: two-year follow-up results.
Transplantation 2014;97:e66–8.

[19] Vega A, Martin-Ferrero MA, Del Canto F, Alberca M, García
V, Munar A, et al. Treatment of knee osteoarthritis with
allogeneic bone marrow mesenchymal stem cells: a randomized
controlled trial. Transplantation 2015;99:1681–90.

[20] Gupta PK, Chullikana A, Rengasamy M, Shetty N, Pandey
V, Agarwal V, et al. Efficacy and safety of adult human bone
marrow-derived, cultured, pooled, allogeneic mesenchymal
stromal cells (Stempeucel(R)): preclinical and clinical trial in
osteoarthritis of the knee joint. Arthritis ResTher 2016;18:301.

[21] Lamo-Espinosa JM, Mora G, Blanco JF, Granero-Moltó F,
Nuñez-Córdoba JM, Sánchez-Echenique C, et al. Intra-
articular injection of two different doses of autologous bone
marrow mesenchymal stem cells versus hyaluronic acid in the
treatment of knee osteoarthritis: multicenter randomized
controlled clinical trial (phase I/II). JTransl Med 2016;14:246.

[22] Emadedin M, Aghdami N, Taghiyar L, Fazeli R, Moghadasali
R, Jahangir S, et al. Intra-articular injection of autologous
mesenchymal stem cells in six patients with knee osteoarthritis.
Arch Iran Med 2012;15:422–8.

[23] Liang J, Zhang H, Hua B, Wang H, Lu L, Shi S, et al.
Allogeneic mesenchymal stem cells transplantation in refractory

systemic lupus erythematosus: a pilot clinical study. Ann
Rheum Dis 2010;69:1423–9.

[24] Wang D, Li J, Zhang Y, Zhang M, Chen J, Li X, et al.
Umbilical cord mesenchymal stem cell transplantation in active
and refractory systemic lupus erythematosus: a multicenter
clinical study. Arthritis Res Ther 2014;16:R79.

[25] Panes J, Garcia-Olmo D, Van Assche G, Colombel JF, Reinisch
W, Baumgart DC, et al. Expanded allogeneic adipose-derived
mesenchymal stem cells (Cx601) for complex perianal fistulas
in Crohn’s disease: a phase 3 randomised, double-blind
controlled trial. Lancet 2016;388:1281–90.

[26] Bonab MM, Sahraian MA, Aghsaie A, Karvigh SA, Hosseinian
SM, Nikbin B, et al. Autologous mesenchymal stem cell
therapy in progressive multiple sclerosis: an open label study.
Curr Stem Cell Res Ther 2012;7:407–14.

[27] Connick P, Kolappan M, Crawley C, Webber DJ, Patani R,
Michell AW, et al. Autologous mesenchymal stem cells for
the treatment of secondary progressive multiple sclerosis: an
open-label phase 2a proof-of-concept study. Lancet Neurol
2012;11:150–6.

[28] Sanchez-Guijo F, Caballero-Velazquez T, Lopez-Villar O,
Redondo A, Parody R, Martínez C, et al. Sequential third-
party mesenchymal stromal cell therapy for refractory acute
graft-versus-host disease. Biol Blood Marrow Transplant
2014;20:1580–5.

[29] Gao L, Zhang Y, Hu B, Liu J, Kong P, Lou S, et al. Phase
II multicenter, randomized, double-blind controlled study of
efficacy and safety of umbilical cord-derived mesenchymal
stromal cells in the prophylaxis of chronic graft-versus-host
disease after HLA-haploidentical stem-cell transplantation. J
Clin Oncol 2016;34:2843–50.

[30] Wang L, Wang L, Cong X, Liu G, Zhou J, Bai B, et al. Human
umbilical cord mesenchymal stem cell therapy for patients with
active rheumatoid arthritis: safety and efficacy. Stem Cells Dev
2013;22:3192–202.

[31] Alvaro-Gracia JM, Jover JA, Garcia-Vicuna R, Carreño L,
Alonso A, Marsal S, et al. Intravenous administration of
expanded allogeneic adipose-derived mesenchymal stem cells
in refractory rheumatoid arthritis (Cx611): results of a
multicentre, dose escalation, randomised, single-blind,
placebo-controlled phase Ib/IIa clinical trial. Ann Rheum Dis
2017;76:196–202.

[32] Dominici M, Le Blanc K, Mueller I, Slaper-Cortenbach I,
Marini F, Krause D, et al. Minimal criteria for defining
multipotent mesenchymal stromal cells. The International
Society for Cellular Therapy position statement. Cytotherapy
2006;8:315–17.

[33] Emadedin M, Ghorbani Liastani M, Fazeli R, Mohseni F,
Moghadasali R, Mardpour S, et al. Long-term follow-up of
intra-articular injection of autologous mesenchymal stem cells
in patients with knee, ankle, or hip osteoarthritis. Arch Iran
Med 2015;18:336–44.

[34] Prigione I, Benvenuto F, Bocca P, Battistini L, Uccelli A,
Pistoia V. Reciprocal interactions between human
mesenchymal stem cells and gammadelta T cells or invariant
natural killer T cells. Stem Cells 2009;27:693–702.

[35] Yubo M, Yanyan L, Li L, Tao S, Bo L, Lin C. Clinical efficacy
and safety of mesenchymal stem cell transplantation for
osteoarthritis treatment: a meta-analysis. PLoS ONE
2017;12:e0175449.

Appendix: Supplementary material

Supplementary data to this article can be found online
at doi:10.1016/j.jcyt.2017.12.009.

506 S. Shadmanfar et al.

Downloaded for Anonymous User (n/a) at RUSH UNIVERSITY from ClinicalKey.com by Elsevier on June 25, 2019.
For personal use only. No other uses without permission. Copyright ©2019. Elsevier Inc. All rights reserved.

http://refhub.elsevier.com/S1465-3249(18)30001-X/sr0045
http://refhub.elsevier.com/S1465-3249(18)30001-X/sr0050
http://refhub.elsevier.com/S1465-3249(18)30001-X/sr0050
http://refhub.elsevier.com/S1465-3249(18)30001-X/sr0050
http://refhub.elsevier.com/S1465-3249(18)30001-X/sr0050
http://refhub.elsevier.com/S1465-3249(18)30001-X/sr0055
http://refhub.elsevier.com/S1465-3249(18)30001-X/sr0055
http://refhub.elsevier.com/S1465-3249(18)30001-X/sr0055
http://refhub.elsevier.com/S1465-3249(18)30001-X/sr0055
http://refhub.elsevier.com/S1465-3249(18)30001-X/sr0060
http://refhub.elsevier.com/S1465-3249(18)30001-X/sr0060
http://refhub.elsevier.com/S1465-3249(18)30001-X/sr0060
http://refhub.elsevier.com/S1465-3249(18)30001-X/sr0060
http://refhub.elsevier.com/S1465-3249(18)30001-X/sr0065
http://refhub.elsevier.com/S1465-3249(18)30001-X/sr0065
http://refhub.elsevier.com/S1465-3249(18)30001-X/sr0065
http://refhub.elsevier.com/S1465-3249(18)30001-X/sr0065
http://refhub.elsevier.com/S1465-3249(18)30001-X/sr0070
http://refhub.elsevier.com/S1465-3249(18)30001-X/sr0070
http://refhub.elsevier.com/S1465-3249(18)30001-X/sr0070
http://refhub.elsevier.com/S1465-3249(18)30001-X/sr0070
http://refhub.elsevier.com/S1465-3249(18)30001-X/sr0070
http://refhub.elsevier.com/S1465-3249(18)30001-X/sr0075
http://refhub.elsevier.com/S1465-3249(18)30001-X/sr0075
http://refhub.elsevier.com/S1465-3249(18)30001-X/sr0075
http://refhub.elsevier.com/S1465-3249(18)30001-X/sr0075
http://refhub.elsevier.com/S1465-3249(18)30001-X/sr0075
http://refhub.elsevier.com/S1465-3249(18)30001-X/sr0080
http://refhub.elsevier.com/S1465-3249(18)30001-X/sr0080
http://refhub.elsevier.com/S1465-3249(18)30001-X/sr0080
http://refhub.elsevier.com/S1465-3249(18)30001-X/sr0080
http://refhub.elsevier.com/S1465-3249(18)30001-X/sr0085
http://refhub.elsevier.com/S1465-3249(18)30001-X/sr0085
http://refhub.elsevier.com/S1465-3249(18)30001-X/sr0085
http://refhub.elsevier.com/S1465-3249(18)30001-X/sr0085
http://refhub.elsevier.com/S1465-3249(18)30001-X/sr0090
http://refhub.elsevier.com/S1465-3249(18)30001-X/sr0090
http://refhub.elsevier.com/S1465-3249(18)30001-X/sr0090
http://refhub.elsevier.com/S1465-3249(18)30001-X/sr0090
http://refhub.elsevier.com/S1465-3249(18)30001-X/sr0090
http://refhub.elsevier.com/S1465-3249(18)30001-X/sr0095
http://refhub.elsevier.com/S1465-3249(18)30001-X/sr0095
http://refhub.elsevier.com/S1465-3249(18)30001-X/sr0095
http://refhub.elsevier.com/S1465-3249(18)30001-X/sr0095
http://refhub.elsevier.com/S1465-3249(18)30001-X/sr0100
http://refhub.elsevier.com/S1465-3249(18)30001-X/sr0100
http://refhub.elsevier.com/S1465-3249(18)30001-X/sr0100
http://refhub.elsevier.com/S1465-3249(18)30001-X/sr0100
http://refhub.elsevier.com/S1465-3249(18)30001-X/sr0105
http://refhub.elsevier.com/S1465-3249(18)30001-X/sr0105
http://refhub.elsevier.com/S1465-3249(18)30001-X/sr0105
http://refhub.elsevier.com/S1465-3249(18)30001-X/sr0105
http://refhub.elsevier.com/S1465-3249(18)30001-X/sr0105
http://refhub.elsevier.com/S1465-3249(18)30001-X/sr0110
http://refhub.elsevier.com/S1465-3249(18)30001-X/sr0110
http://refhub.elsevier.com/S1465-3249(18)30001-X/sr0110
http://refhub.elsevier.com/S1465-3249(18)30001-X/sr0110
http://refhub.elsevier.com/S1465-3249(18)30001-X/sr0110
http://refhub.elsevier.com/S1465-3249(18)30001-X/sr0110
http://refhub.elsevier.com/S1465-3249(18)30001-X/sr0115
http://refhub.elsevier.com/S1465-3249(18)30001-X/sr0115
http://refhub.elsevier.com/S1465-3249(18)30001-X/sr0115
http://refhub.elsevier.com/S1465-3249(18)30001-X/sr0115
http://refhub.elsevier.com/S1465-3249(18)30001-X/sr0120
http://refhub.elsevier.com/S1465-3249(18)30001-X/sr0120
http://refhub.elsevier.com/S1465-3249(18)30001-X/sr0120
http://refhub.elsevier.com/S1465-3249(18)30001-X/sr0120
http://refhub.elsevier.com/S1465-3249(18)30001-X/sr0125
http://refhub.elsevier.com/S1465-3249(18)30001-X/sr0125
http://refhub.elsevier.com/S1465-3249(18)30001-X/sr0125
http://refhub.elsevier.com/S1465-3249(18)30001-X/sr0125
http://refhub.elsevier.com/S1465-3249(18)30001-X/sr0130
http://refhub.elsevier.com/S1465-3249(18)30001-X/sr0130
http://refhub.elsevier.com/S1465-3249(18)30001-X/sr0130
http://refhub.elsevier.com/S1465-3249(18)30001-X/sr0130
http://refhub.elsevier.com/S1465-3249(18)30001-X/sr0130
http://refhub.elsevier.com/S1465-3249(18)30001-X/sr0135
http://refhub.elsevier.com/S1465-3249(18)30001-X/sr0135
http://refhub.elsevier.com/S1465-3249(18)30001-X/sr0135
http://refhub.elsevier.com/S1465-3249(18)30001-X/sr0135
http://refhub.elsevier.com/S1465-3249(18)30001-X/sr0140
http://refhub.elsevier.com/S1465-3249(18)30001-X/sr0140
http://refhub.elsevier.com/S1465-3249(18)30001-X/sr0140
http://refhub.elsevier.com/S1465-3249(18)30001-X/sr0140
http://refhub.elsevier.com/S1465-3249(18)30001-X/sr0140
http://refhub.elsevier.com/S1465-3249(18)30001-X/sr0145
http://refhub.elsevier.com/S1465-3249(18)30001-X/sr0145
http://refhub.elsevier.com/S1465-3249(18)30001-X/sr0145
http://refhub.elsevier.com/S1465-3249(18)30001-X/sr0145
http://refhub.elsevier.com/S1465-3249(18)30001-X/sr0145
http://refhub.elsevier.com/S1465-3249(18)30001-X/sr0150
http://refhub.elsevier.com/S1465-3249(18)30001-X/sr0150
http://refhub.elsevier.com/S1465-3249(18)30001-X/sr0150
http://refhub.elsevier.com/S1465-3249(18)30001-X/sr0150
http://refhub.elsevier.com/S1465-3249(18)30001-X/sr0150
http://refhub.elsevier.com/S1465-3249(18)30001-X/sr0150
http://refhub.elsevier.com/S1465-3249(18)30001-X/sr0155
http://refhub.elsevier.com/S1465-3249(18)30001-X/sr0155
http://refhub.elsevier.com/S1465-3249(18)30001-X/sr0155
http://refhub.elsevier.com/S1465-3249(18)30001-X/sr0155
http://refhub.elsevier.com/S1465-3249(18)30001-X/sr0160
http://refhub.elsevier.com/S1465-3249(18)30001-X/sr0160
http://refhub.elsevier.com/S1465-3249(18)30001-X/sr0160
http://refhub.elsevier.com/S1465-3249(18)30001-X/sr0160
http://refhub.elsevier.com/S1465-3249(18)30001-X/sr0160
http://refhub.elsevier.com/S1465-3249(18)30001-X/sr0160
http://refhub.elsevier.com/S1465-3249(18)30001-X/sr0160
http://refhub.elsevier.com/S1465-3249(18)30001-X/sr0165
http://refhub.elsevier.com/S1465-3249(18)30001-X/sr0165
http://refhub.elsevier.com/S1465-3249(18)30001-X/sr0165
http://refhub.elsevier.com/S1465-3249(18)30001-X/sr0165
http://refhub.elsevier.com/S1465-3249(18)30001-X/sr0165
http://refhub.elsevier.com/S1465-3249(18)30001-X/sr0170
http://refhub.elsevier.com/S1465-3249(18)30001-X/sr0170
http://refhub.elsevier.com/S1465-3249(18)30001-X/sr0170
http://refhub.elsevier.com/S1465-3249(18)30001-X/sr0170
http://refhub.elsevier.com/S1465-3249(18)30001-X/sr0170
http://refhub.elsevier.com/S1465-3249(18)30001-X/sr0175
http://refhub.elsevier.com/S1465-3249(18)30001-X/sr0175
http://refhub.elsevier.com/S1465-3249(18)30001-X/sr0175
http://refhub.elsevier.com/S1465-3249(18)30001-X/sr0175
http://refhub.elsevier.com/S1465-3249(18)30001-X/sr0180
http://refhub.elsevier.com/S1465-3249(18)30001-X/sr0180
http://refhub.elsevier.com/S1465-3249(18)30001-X/sr0180
http://refhub.elsevier.com/S1465-3249(18)30001-X/sr0180
https://doi.org/10.1016/j.jcyt.2017.12.009

	 Intra-articular knee implantation of autologous bone marrow–derived mesenchymal stromal cells in rheumatoid arthritis patients with knee involvement: Results of a randomized, triple-blind, placebo-controlled phase 1/2 clinical trial
	 Introduction
	 Materials and methods
	 Study design
	 Ethics

	 Patients and procedures
	 Intervention
	 Assessments
	 Safety profile
	 Efficacy profile

	 Statistical analysis

	 Results
	 Discussion
	 Acknowledgment
	 References
	 Supplementary material


