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Abstract

Standard treatment options for rheumatoid arthritis (RA) often fail to deliver a long-term therapeutic outcome and in many cases
cause intractable adverse events leading to treatment discontinuation or readjustment. Treatment with mesenchymal stem cells
(MSCs) has been recently studied in RA due to its immunomodulatory and anti-inflammatory capacities. Thus, this study aims at
systematically search and review the literature for randomized or non-randomized clinical trials comparing interventions of
MSCs with placebo in RA patients. Electronic searches were conducted on PubMed, SCOPUS, Cochrane-CENTRAL, registries
of clinical trials and grey literature. Selected studies were estimated for risk of bias with the Cochrane RoB tool 2 or the ROBINS-
I tool. Four trials met the eligibility criteria and entered the review process. Identified MSCs treatments varied from allogeneic to
autologous or umbilical cord-derived cells. Enrolled patients had an active RA and had poor responses to previous standard
medications. In general, the safety evaluation revealed that treatment with MSCs was safe and well tolerated. Regarding the
efficacy measurements, modest improvements were found in RA symptoms and RA-related indices. Significant decreases were
found in inflammatory molecules such as C-reactive protein, tumor necrosis factor alpha and interleukin 6. However, clinical
response criteria related to RA were achieved by a low-to-moderate percentage of patients. In conclusion, treatment of RA with
MSCs appears to have a short-term therapeutic effect. Better-designed randomized trials with sufficient follow-up periods are
needed so that the long-term safety and efficacy interventions with MSCs would be elucidated.
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Introduction fibroblast-like synoviocytes adopt an aggressive and invasive

phenotype. The immune responses mediate the joint destruc-

Rheumatoid arthritis (RA) is a chronic, inflammatory disease
affecting the joints by causing deformity and disability [1-4].
Hand deformities, swelling of the metacarpophalangeal and
proximal interphalangeal joints with ulnar deviation of the
fingers are observed. The disease process causes initially in-
flammation of the synovial membrane and then spreads to all
other parts of the joint (cartilage/bone damage) [1, 4-6], as
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tion through the joint fibroblast activation and pro-
inflammatory cytokine induction [7, 8]. Additionally, pro-
inflammatory cytokines are produced, such as tumor necrosis
factor alpha (TNF-a), and interleukins IL-6, IL-1, and IL-17
[5, 9].

Traditionally, RA has been treated with disease-modifying
anti-rheumatic drugs (DMARDs) along with non-steroidal

Department of Physiology and Pharmacology, School of Medicine,
Faculty of Health Sciences, Aristotle University of Thessaloniki
(A.U.Th), Thessaloniki, Greece

c¢GMP Regenerative Medicine Facility, Department of Physiology
and Pharmacology, School of Medicine, Faculty of Health Sciences,
Aristotle University of Thessaloniki (A.U.Th), Thessaloniki, Greece

Department of Prosthodontics, School of Dentistry, Faculty of Health
Sciences, Aristotle University of Thessaloniki (A.U.Th),
GR-54124 Thessaloniki, Greece

Department of Oral Medicine/Pathology, School of Dentistry,
Aristotle University of Thessaloniki (A.U.Th), Thessaloniki, Greece

@ Springer


http://crossmark.crossref.org/dialog/?doi=10.1007/s12015-020-09954-z&domain=pdf
https://orcid.org/0000-0003-1549-7251
https://orcid.org/0000-0002-2823-690X
https://orcid.org/0000-0002-6407-8494
https://orcid.org/0000-0002-2067-8842
mailto:akaramini@auth.gr
mailto:kritis@auth.gr

Stem Cell Rev and Rep

anti-inflammatory drugs (NSAIDs) and glucocorticoids [4].
Lately, efforts were made for new target therapies that include
biological agents, TNF-a inhibitors and B cell-depleting ther-
apies. These treatments seem to ameliorate disease activity
and repair bone erosions in some patients [3, 5]. The need
for a treatment that guarantees safety and efficacy is of para-
mount importance in this disease, as few patients achieve
long-term drug-free clinical remission [2, 4, 10] and the pos-
sibility of adverse effects, high cost [9] and unresponsiveness
is present [7].

The Food and Drug Administration (FDA) can grant a fast
track designation on regenerative medicine therapies which
aim to unmet medical needs in serious conditions based on
clinical data or evidence from in vitro or animal models [11].
Relevant clinical trials with multiple sites can be considered
by the FDA if they intent to share their combined data and
adhere to common manufacturing and quality testing practices
[11]. Determination of clinically meaningful endpoints is also
a matter of importance for the FDA in clinical trials of regen-
erative medicine therapies [11].

Early-development stem cells, which have been described
by many investigators and assigned different names, are prob-
ably overlapping populations of similar cells. Very small
embryonic-like stem cells (VSELSs) are on the top of hierarchy
of all these cells. VSELs could probably be a link between
early-development stages and stem cell compartments in
adulthood [12]. A recent review highlights a trend for the
investigation of tissue remodeling and repair involving mes-
enchymal stem cells [13].

Mesenchymal stem cells (MSCs) are multipotent
nonhematopoietic stromal cells that are able to differentiate
into tissues such as bone, cartilage, adipose, muscle, ligament
and tendon [1, 5, 9, 14, 15]. MSCs can be easily isolated from
bone marrow or adipose tissue as well as placenta, peripheral
blood, umbilical cord or synovium and rapidly expanded in
culture [1, 4, 8, 10, 16]. MSCs have also been shown to have
immuno-suppressive and healing properties, improve angio-
genesis and prevent fibrosis [3, 17]. Their contribution to au-
toimmune and inflammatory disorders’ treatment is major, as
they release paracrine factors, alter the cytokine secretion and
potently modulate immune responses, showing antiprolifera-
tive and anti-inflammatory capacities [1-3, 10].

Clinical benefits of MSCs are possibly the result of anti-
inflammation, immune-modulatory and immune tolerance in-
duction [5]. Additionally, the regenerative potential of MSCs
depends on patient’s age, which reinforces the accumulation
of oxidative stress and the increase of epigenetic alterations
[18]. Mesenchymal stem cell transplantation (MSCT) en-
hances the clinical characteristics of various autoimmune dis-
eases, such as multiple sclerosis and systemic lupus erythema-
tosus [7, 9, 19]. MSCs’ properties concerning regenerative
potential could play a role in visual impairment, as innovative
prospects for therapy of human retinal diseases come to the
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fore [20]. On the other hand, type 2 diabetes and metabolic
syndrome limit MSCs’ therapeutic properties [21].

Moreover, treatment with MSCs reduced the inflammatory
response of peripheral blood mononuclear cells (PBMCs) in
patients with RA [3]. Additionally, expanded adipose-derived
stem cells (eASCs) diminish the production of inflammatory
cytokines [16]. The secretome’s extracellular vesicles
(exosomes, microvesicles, particles, peptides, cytokines) play
a pivotal role in stem cell-based therapies of degenerative,
autoimmune or inflammatory diseases [22]. As a result,
MSCs have been characterized as promising for the treatment
of RA [10, 17, 23, 24]. A previous narrative review pointed
out that allogeneic mesenchymal stem cells might be effective
in RA and, so far, the use of MSCs in a clinical level has been
directed towards patients suffering from RA resistant to stan-
dard treatments [25]. To our knowledge, this is the first at-
tempt to systematically review the evidence from in vivo stud-
ies concerning the therapeutic potential of MSCs in RA
patients.

Methods

A systematic search of the literature was conducted following
the PRISMA statement guidelines (Preferred Reporting Items
for Systematic reviews and Meta-Analyses) and consulting
the center for reviews and dissemination’s guidance for under-
taking reviews in health care (CRD) [26]. The research ques-
tion was defined with the PICO format as: P = patients diag-
nosed with RA, I=administration of MSCs, C = placebo or
similar neutral/inactive treatment, O=Safety and efficacy-
related outcomes.

In more detail, the outcome variables used for safety eval-
uation were the presence of adverse events and for the efficacy
evaluation were the improvement of symptoms (such as re-
ported pain, physical strength, pain free walking distance,
standing time), the reduction of other treatments, the extent
of immune restoration and the possible relapse. The secondary
outcome variables were the following: DAS28 (disease activ-
ity score 28), ESR (erythrocyte sedimentation rate), VAS (vi-
sual analogue scale), low disease activity (DAS28-ESR <
3.2), HAQ (health assessment questionnaire), WOMAC
scales (Western Ontario and McMaster Universities Arthritis
Index), SF-36 (short-form 36 health questionnaire), EULAR
response criteria (European league against rheumatism
criteria) and ACR20/50/70 criteria (American College of
Rheumatology 20/50/70 criteria).

Eligibility Criteria
Randomized and non-randomized clinical trials were included

in this review. Furthermore, an eligible trial had to have de-
fined rheumatoid arthritis according to 2010 ACR/EULAR
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criteria and have recruited adult patients. With regard to treat-
ment groups, studies were considered if they had interventions
with post-natal or adult or somatic stem cells, stromal or mes-
enchymal and autologous or allogeneic cells. Eligible control
groups were administered with placebos or neutral, inactive
substances. Studies with conventional co-treatments were el-
igible if they were distributed in both intervention and control
groups. Conventional therapies included disease-modifying
anti-theumatic drugs (DMARDS), corticosteroids and nonste-
roidal anti-inflammatory drugs (NSAIDs).

Exclusion criteria were 1) studies with participants having
diseases other than RA, such as other autoimmune joint dis-
eases, or RA in remission were excluded, 2) articles published
in a language other than English, 3) interventions with hema-
topoietic, totipotent, pluripotent, induced pluripotent, fetal,
and embryonic cells, 4) studies with an epidemiologic design
(such as cohorts, cross-sectional, case-controls) or trials not
with a control group and 5) studies on animals.

Search Strategy

A literature search was performed in the electronic databases
of MEDLINE, SCOPUS, and Cochrane CENTRAL.
Additional searches were conducted on ClinicalTrials.gov,
ICTRP of the World Health Organization, ISRCTN registry,
in EULAR journals (annals of the rheumatic diseases) and in
grey literature. The PROSPERO database was searched to
confirm that no systematic reviews were being conducted
based on the specific research question. The search terms
used were the following keywords: mesenchymal cells, stem
or stromal cells and rheumatoid arthritis. The preliminary
search string used, based on the MESH controlled
vocabulary, was: {(stem OR stromal OR mesenchymal)
cells} AND rheumatoid arthr* AND (human OR man). The
search was restricted to records published in the English
language from inception up to December 2018. Records
identified through the databases were managed using the
software Mendeley, in which the duplicates were removed,
and were screened for eligibility by two authors (Alexia K
and DA) with disagreements being resolved through
discussion with another author (Aristeidis K).

Study Selection

All retrieved titles/abstracts were screened against inclusion
and exclusion criteria by two authors (Alexia K and DA) and
studies that did not meet all eligibility criteria were excluded.
Full-text publications of all remaining sources were obtained
and screened against eligibility criteria. Disagreements among
the reviewers were resolved by discussion with the primary
author (Aristeidis K). Publications that met all inclusion
criteria were included in this review.

Assessment of Risk of Bias and Methodological

Quality

Eligible trials were assessed for their risk of bias and method-
ological quality by two authors (Alexia K and KG) and dis-
agreements were resolved by a third author (Aristeidis K).
Risk of bias for RCTs was assessed via the Cochrane Risk
of Bias (RoB) tool 2.0 [27]. According to RoB tool 2.0, the
studies were assessed for risk of biases arising due to random-
ization process, deviations from indented interventions, miss-
ing outcome data, measurement of the outcome and in selec-
tion of the reported results and their overall bias was also
noted as being low risk, high risk or with some concerns.
Furthermore, for the non-randomized trial of Wang et al.
(2013) [5] the risk of bias was assessed by the Cochrane
Risk Of Bias In Non-randomized Studies — of Interventions
(ROBINS-I) tool. This trial was assessed on the risk of biases
caused by confounding, selection of participants, classifica-
tion of interventions, deviations from Intended interventions,
missing data, measurement of outcomes, selection of the re-
ported result and overall judgment which is analogous to the
judgment of the aforementioned categories. Finally, method-
ological quality was assessed via the modified Jadad scale
based on the description of the randomization scheme,
blinding method, drop-outs or withdrawals, presentation of
inclusion and exclusion criteria, adverse events and statistical
analysis [28].

Data Extraction

Data extraction was performed independently by two re-
viewers (Alexia K and AB) and supervised by the primary
author (Aristeidis K). The extracted data included information
about the registry of protocol, study location, design and
masking of interventions, types of MSCs and placebos, sam-
ple size, treatment groups allocation, participant characteris-
tics (age, gender and duration of illness), duration of interven-
tion and follow-up periods, previous poor medication re-
sponse, co-therapies, and outcomes of interest. All data were
extracted on predefined forms.

Results
Study Selection

Initially, 1135 records were identified through electronic
searches on databases and trial registries. After removal of
duplicates, 1117 records were screened and 44 full-text studies
were assessed for eligibility (Fig. 1). 40 studies were excluded
for not meeting the inclusion criteria, mainly due to interven-
tion with other types of cells, and finally, four trials [2, 5, 16,
29] entered the review.
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Study Characteristics

Three studies used a randomized scheme to allocate partic-
ipants in their interventions [2, 16, 29] and one had a non-
randomized design [5]. All studies were conducted from
2010 up to 2017 and Table 1 summarizes their basic char-
acteristics. The range of the intervention period varied
from one day (single dose intervention) up to eight months
and follow-up periods lasted up to one year after first en-
rollment. Only the trial of Wang et al. (2013) [5] enrolled
patients at a different period; first in the intervention
groups and two years later in the control group. MSC types
used in intervention groups were allogeneic adipose-
derived MSCs [16], autologous bone marrow-derived stro-
mal MSCs [29] and umbilical cord-derived MSCs [2, 5]. In
all studies, participants' mean age was above 40 years and
their vast majority of patients were women. Furthermore,
all studies enrolled patients who had active RA and had
poor responses to standard RA medications.
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Records screened (titles
and abstracts)
(n=1,117)

Records excluded
(n=1,073)

Full text articles excluded with
reasons (n = 40)

Full text articles 1) Fetal/Embryonic cells (n = 2)
assessed for eligibility —»{ 2) Hematopoietic cells (n = 19)

(n=44) 3) Totipotent/Pluripotent cells (n=3)

4) RA cells for other conditions (n = 4)
5) In vitro studies (n = 10)
6) other research designs (n = 2)

Studies included in
qualitative synthesis
(n=4)

Risk of Bias and Quality Assessment

Assessment of risk of bias of RCTs is presented in Fig. 2. The
study of Alvaro-Garcia et al. (2017) [16] was judged as being
in high risk of overall bias and having high risk of bias in
missing outcome data and measurement of the outcome. The
RCT of Yang et al. (2018) [2] was also in high risk of overall
bias due to measurement of the outcome, and in the trial of
Shadmanfar et al. (2018) [29] its risk of overall bias was met
with some concerns. Furthermore, assessment of risk of bias
in the non-randomized CT of Wang et al. (2013) [5] was con-
ducted according to the ROBINS-I tool and is presented in
Table 2. This trial was judged as having a serious risk of bias
mainly due to potential confounding, which can be present in
trials lacking randomization. A serious risk of bias judgment
was also noted in the domain of “selection of the reported
result” due to incongruence in the list of outcome measures
presented in its protocol and its publication. Finally, a moder-
ate bias was judged in the domain of the “selection of
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Fig. 2 Risk of bias assessment of included RCTs according to Cochrane

RoB tool 2.0. Green circles: low risk of bias, yellow circles: some
concerns and red circles: high risk of bias

Yang, 2018 ? i/

‘ . . Measurement of the outcome
‘ . ‘ Selection of the reported result

Shadmanfar, 2018 ’ ?

participants into the study” due to different enrollment periods
used in the intervention and control groups.

The methodological quality of all studies based on the
Jadad scale are illustrated in Table 3. Among the included
RCTs only the trial of Shadmanfar et al. (2018) [29] scored
the maximum and the non-randomized trial of Wang et al.
(2013) [5] had the lowest score.

Safety Evaluation

MSCs administration was generally safe and well tolerated in
all studies (Table 4). Mild adverse events such as chills and/or
fever were noted in two studies with short duration.
Specifically, in the study of Wang et al. (2013) [5] they were
manifested in 6 patients and lasted for two hours, and in the
study of Yang et al. (2018) [2] they concerned three patients
and disappeared within three hours. On the other hand,
Shadmanfar et al. (2018) [29] found that post-injection pain
and/or articular swelling were present within one month after
transplantation which were resolved with NSAIDs.

Finally, Alvaro-Gracia et al. (2017) [16] described 141 ad-
verse events, with 85% (Cohort A), 75% (Cohort B), 100%
(Cohort C) and 57% (placebo group) having at least one ad-
verse event. The most frequent of them were fever, respiratory
infections, headache, systemic infections, urinary tract infec-
tions, nausea, arthralgia, asthenia, malaise and vomiting.
Moreover, 133 adverse events were mild or moderate and 8
were severe. The severe adverse events included lacunar

infarction, diarrhea, tendon rupture, rheumatoid nodule and
arthritis in cohort A, sciatica and RA in cohort B, and asthenia
in the placebo group. As far as lacunar infarction is concerned,
it was considered as a dose limiting toxicity and it occurred
8 days after the second treatment administration. The patient
with this complication was the only one who discontinued the
study because of adverse events.

Efficacy Evaluation

Efficacy of MSCs administration was evaluated based on their
potential to 1) lead to improvements of symptoms, 2) reduce
the doses of other co-administered medicines, 3) improve
immune-related biomarkers, and 4) improve RA-related indi-
ces. Table 4 presents extracted information on the aforemen-
tioned outcomes.

Improvement of Symptoms

In the study of Alvaro-Gracia et al. (2017) [16],there was no
clinical benefit after 3 months follow-up and the therapeutic
effect tended to wane or fluctuate. There was clearly an im-
plication for a constant need of administration [16]. On the
other hand, in the study of Shadmanfar et al. (2018) [29], there
was a distinct superiority of the MSCT group concerning a
clinical improvement at the first month, which was maintained
until 12 months. The clinical parameters involved pain-free
walking distance, time to jelling (not significant improve-
ment) and standing time (significant improvement). At the
end of this study, improved physical and mental subscales
were reported in the MSC group. However, this improvement
was not statistically important.

In addition, the study of Yang et al. (2018) [2] showed that
the MSC group had enhanced clinical symptoms and low
disease activity during the 12 weeks of follow-up. The im-
provement in disease status maintained for most of the pa-
tients for 12 months, with a general clinical response rate at
54%. Two patients of the response group (8%) experienced
pain and swelling at 24 weeks and their ESR-CRP levels were
increased.

A rapid clinical response occurred after the administration
of umbilical cord-derived stem cells in the study of Wang et al.
(2013) [5]. Specifically, there was a significant positive impact
on joint pain and swelling, which started 12 h after

Table 2  Risk of bias assessment in the non-randomized trial of Wang, 2013 according to Cochrane ROBINS-I tool
1. Bias due to 2. Bias caused by 3. Bias in 4. Bias due to S. Bias due 6. Bias in 7. Bias in Overall
confounding selection of classification of deviations from to missing measurement selection of the judgement
participants into interventions intended data of outcomes reported result
the study interventions
Serious Moderate Low Moderate Low Moderate Serious Serious
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E w538z L8 22 E tinct 4 weeks after MSC intervention and remained statistical-
3 = ly significant after 24 and 48 weeks of follow-up. RF and anti-
b= & . .
s 5. = 2 g 5 CCP levels were decreased, but this was not significant. On
=] = S Qo . . .
f 2§ 2 5 T 5 ¢ the contrary, IL-10 levels (immunosuppressive cytokine by
+~ = wn wn) 12} [+~ .
f § _g 5 3 < ° ) Treg cells) were increased at 4 weeks.
-§ o B § 2 § 2 2 :{3 Regarding CRP, minimum changes were found in the study
E g of Shadmanfar et al. (2018) [29]. Moreover, Alvaro-Gracia
fel . .
2|38 2 et al. (2017) [16] pointed out that CRP tended to decrease in
% % N ; cohorts A and C but not in cohort B or placebo. Finally, Yang
g é =3 g etal. (2018) [2] mentioned that CRP levels waned at a signif-
2| 3L E = icant level 12 weeks after MSCT and this persisted for
'§ c 2 —% 8 8 8 ¢ ;’3 48 weeks without repeated administration for most of the
S| =2 & ===z : .
2 © patients.
Q
o ~ =
o — e
8 S Zw g Evaluation of RA Indices
8 g9 3 2
n s 5 : @ <
- 8 E RS e With regard to the index of DAS28, significant decreases were
o o o g . . .
2 2z § -% &0 g g noted in two trials [2, 5] followed treatment with MSCs. The
i <5 SsE < trial of Shadmanfar et al. (2018) [29] which enrolled RA
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2 2 § S . . .
TR 2§ patients with knee involvement found a greater than 50% de-
g g *E 5% crease in knee pain. Furthermore, health-related quality of life
o [ag} . . .
88g E £ as measured by the SF-36 questionnaire did not demonstrated
R = Qo . . . .
S S ° ﬁ any improvement in two trials [16, 29] and the function-
e c? S related HAQ questionnaire showed mixed results in the trials
s s . L .
S <8 g3 in which it was evaluated [2, 5]. The composite measure of
e 2 P
gas S ACR 20/50/70 responses were reached by a moderate percent-
S § SN é g age of patients with less patients meeting the increased 50 or
o TS . O .
— S Ul e g8 70% improvement levels [5, 16]. Analogous results were
: p g
=) 0D~ ™ 5= L. .
G § $E% 5% found for the EULAR response criteria which were assessed
aw . .
=§ Z S G 6 G 2 % in one trial [16].
g2 x
0o =0
SRS
SEE
23 E S
CE< Discussion
» a s
o O
S 23
s 2 I% MSCs administration was found a safe and well-tolerated ther-
-§ % ‘E apeutic option in the selected studies. There are encouraging
§ ) 5 indications for its therapeutic potential, which are based on the
ER: 2 anti-inflammatory, immune modulation and immune toler-
= s s . . . .. .
°2 > ance induction [2]. Specifically, MSCs administration can
= T ES ameliorate the immune function, the clinical symptoms and
& 5o
5 X8 th luation indices. For example, DMARDs plus MSCs
% el 8 ¢ evalua ple, p
;E % QZ‘ g = g administration led to a significant disease activity reduction
% é g for a long period in patients with refractory RA [5].
8 %g £ A great variability was noted in the evaluation of clinical
§ E § efficacy outcomes and the beneficial results tended to wane or
£ g fluctuate after a period of treatment and an additional admin-
& % <§E istration was required as soon as relapse symptoms emerged
g < § g [2, 5, 16]. The increased level of T regulatory cells was asso-
‘;. §% 5 ciated with the improvement in disease status and was consid-
E 8 % g ered an important clinical index for the efficacy of UC-MSCs.
=} .. . .
,g g g’ °§D Moreover, the UC-MSCs administration alleviated DMARDs
% % °z‘ &; 22 side effects and, consequently, contributed to compliance to
2 g . .
2 s = this conventional treatment [5].
< .
‘é T‘% 3 Adipose or bone marrow derived MSCs tested for regener-
3 3 é E ative and immunomodulatory capabilities in different autoim-
5t g 5 £ mune diseases and animal model inflammatory arthritis verify
é 8 go E“E these findings [30, 31]. However, the precise mechanism
25 22y concerning the therapeutic potential of MSCs is still under
=3 = § 8 g p p
= oS °8 < % £ investigation [7]. MSCs affect the immune responses involv-
(e o i S = oo ce =z g — . . fu . d 1 . d . 1 i
a9 S T 2 % g ing immune nction modulation and immune .to erance in
El R %“ g~ =5 8z g 2 ~E duction [2, 7, 10, 32]. They function as auxiliary antigen-
& ET 2 8T8 &: e < 5z presenting cells (APC) contributing to the development of a
E|Es585585328 |55 latory APC population with T cell- modulati bili
Sl S3SSX3S3 3 S 22 regulatory population with T cell- modulating capabili-
2 =2099%999%%% é EBD ‘g ties [32]. Also, MSCs regulate the adaptive and the innate
g O g & response through the induction of CD4 + CD25 + FoxP3 + T
2l g i f £ 5 regulatory cells, the suppression of dendritic cell maturation,
£ "g 2 § = the adoption of an anti-inflammatory phenotype by the mac-
|2 = S 0% 8 rophages and the suppression of NK cells [10, 13, 25, 33].
S5 o = 2<'s . .
o v B sd g They produce many immunomodulatory cytokines and
«| 8| S 8 £D E Yy p y y ¢y
= % é g g S f 7z growth factors, hindering monocyte maturation and T cell
Elolm <8 <E& proliferation [6, 7, 10].
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Furthermore, MSCs obstruct the pro-inflammatory cyto-
kines and limit the expression of Th17 cells while evidence
points to the relationship between Th17 and T regulatory cells
[7, 10]. To be specific, several studies suggested that adipose-
derived or bone marrow MSCs have the capability to reduce
the catastrophic Th1/Th2 response and enhance the T regula-
tory cells activation, whereas others showed no improvement
with MSC treatment [13].

MSCs have an immunosuppressive, anti-inflammatory and
paracrine effect on joint disease processes. Also, they contrib-
ute to tissue repair. It is likely that synovial stromal cells (FLSs
and MSCs) could regulate the homeostasis of the immune
system and that failure of such immunomodulation within
the joint is the first event in RA development [13].

Treatments fail to almost a third of RA patients and clinical
remission does not necessarily entail the cessation of joint
damage [13]. Despite the fact that in physiological conditions
the synovium promotes the joint homeostasis, in RA it has a
catastrophic effect on the inflammatory/immune cells of the
joint and the resident fibroblast-like synoviocytes (FLSs).
Normal FLSs play an important role in joint well-being by
obstructing T cell proliferation and dendritic cells production
from monocytes. RA FLSs though, function as antigen-
presenting cells leading to T cell activation and proliferation
[34]. Moreover, RA FLSs are able to augment B-cells and
contribute to their survival and function. On the other hand,
the relationship between FLS and MSCs is indistinct. They
might represent the same cell type with functional differenti-
ation, or they could stand for different developmental status of
the same cell lineage [13]. It has been stated that MSCs can
obstruct the proliferation of fibroblast-like synoviocytes and
suppress osteoclastogenesis by producing osteoprotegerin
[32]. In an in vitro study, UC-MSCs had a significant inhibi-
tory effect on the proliferation and the responses of FLSs to
inflammation, obstructed T cell activation and induced T cells
upregulation [34].

In RA, MSCs/FLSs are incompetent to control inflamma-
tion due to the interaction between inflammatory and immune
cells and, on the contrary, they end up intensifying the inflam-
mation process. Aberrant crosstalk between FLSs/MSCs and
immune cells could create a vicious cycle maintaining and
intensifying RA progression. Thus, the use of MSCs as cell-
therapy for autoimmune diseases needs to include the
targeting of the inflammatory factors within the synovium [6].

Mesenchymal stromal cells offer many opportunities for
novel RA treatments. So far, the use of MSCs at a clinical
level involves RA patients resistant to common therapies.
Most likely it is preferable to give MSC treatment at early
stages of the condition aiming at immune system modulation
through the induction of regulatory networks. Therefore, clin-
ical studies selection criteria for RA patients are of paramount
importance [25]. It is controversial whether BM-derived
MSCs constitute the ideal source for novel treatments in RA.

@ Springer

It is suggested that adipose-derived MSCs may provide a
more reliable source of cells [31]. It is appealing to consider
that MSC treatment could determine disease course (due to
mesenchymal cells’ anti-inflammatory and immunosuppres-
sive properties) and joint tissue repair by preventing tissue
damage from triggering inflammation [13]. The ultimate goal
is to consolidate joint homeostasis. Undoubtedly, MSCs’ ca-
pability to induce immune tolerance is very promising [24, 25,
35].

The small number of patients in the existing studies did not
provide the necessary clinical evidence for a statistically sig-
nificant superiority of MSCs in RA treatment. So, the limited
population was the main issue in evaluating the clinical effi-
cacy [7]. On the other hand, the follow-up periods varied
significantly, so that the safety estimation would not be deter-
minant. Due to this, it is not clear if the repetitive administra-
tion is safe. Moreover, the ideal route of administration, fre-
quency of MSC therapy and cell source of MSCs for treating
RA are yet unknown. The appropriate therapeutic dosage of
MSC:s is still undefined and is related to the therapeutic appli-
cation [36]. Cells of different sources seem to have a plethora
of differentiation potential [37, 38]. Additionally, another as-
pect of variability was the different methods of cell production
and dosage determination found in the included studies. As a
result, a solid conclusion cannot be reached.

Future research has to put emphasis on safety while deter-
mining the appropriate MSCs dosage and carefully
implementing the re-administration periods. Safety needs to
be verified by conducting studies with a large follow-up peri-
od and repetitive administration. As far as therapeutic poten-
tial is concerned, future research should focus on multicenter
randomized clinical trials with sufficient sample sizes, proper
selection criteria of RA patients and longer follow-up periods
for a valid efficacy evaluation. In addition, joint imaging data
should be considered, along with the appropriate patient pro-
file for the right kind and dosage of MSCs used. Furthermore,
due to the substantial variety in clinical efficacy outcomes,
biomarkers that predict the MSCT response are needed.
According to the Yang et al. (2018), IFN-levels could be used
as a biomarker for clinical efficacy prediction and RA patients
selection [2]. Finally, the regeneration of a near natural carti-
lage or bone tissue will demand a proper combination of
MSCs, biodegradable and chondroinductive scaffolds, and
specific factors of anti-inflammation and differentiation [39].

Conclusion

MSCs immunosuppressive and anti-inflammatory functions
as well as joint tissue repair capabilities render RA treatment
with the use of these cells very promising. Clinical studies are
at an early stage and are restricted to patients who could not
achieve clinical remission with the use of other therapies. A
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challenging goal is to induce remission via permanent im-
mune tolerance, protect against structural damage and repair
existing damage. The identification of RA patients most likely
to respond to MSC treatment will be crucial. Our data show
that the therapeutic effect of MSCs is a short-term one.
However, this picture is subject to change depending on future
well-designed clinical trials.
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