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Abstract

There is presently no cure for the chronic inflammatory disease rheumatoid arthritis (RA), 
which affects the joints and other organs. Mesenchymal stem/stromal cells (MSCs) are 
adult stem cells that are widely studied in inflammatory diseases. Several studies have 
shown the therapeutic effects of MSCs in preclinical and clinical RA. However, there 
are a few concerns regarding the use of MSCs, such as immune rejection and malignan-
cy. Since MSCs exert their potential effects in a paracrine manner, more attention has been 
paid to their extracellular vesicles (MSC-EVs). In the current study, we reviewed the ap-
plication of MSCs and their EVs in RA. A better understanding of the mechanisms driv-
ing MSC and MSC-EVs in RA offers insight into possible treatment options for RA.
[GMJ.2023;12:e3075] DOI:10.31661/gmj.v12i.3075
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Introduction

Rheumatoid arthritis (RA) is an inflamma-
tory and chronic autoimmune disease that 

affects the joints. RA estimates for prevalence 
and disease burden vary widely by geograph-
ic area, with generally higher estimates in in-
dustrialized countries and urban environments 
[1]. Different genetics and environmental 
factors are associated with the development 
of RA. Major histocompatibility complex 
(MHC) region genes, age, sex, smoking, and 
obesity are the most important factors [2]. RA 

is an immune-mediated disease and different 
immune cells, such as B- and T-cells play a 
crucial role in the pathogenesis of the disease 
[3]. Joints are typically affected by immune 
system malfunction, although the autoim-
mune process may start in other regions of the 
body. Inflammation in the synovium, the inner 
lining of the joint, is brought on by immune 
cells [4, 5]. As a result of the joint’s increase 
in cells, proteins, and other things, the inflam-
mation becomes chronic and the synovium 
thickens, which can cause redness, warmth, 
and pain [6]. 
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Achieving clinical remission or slowing the 
course of the disease by reducing joint inflam-
mation is the main goal of RA treatment. Con-
ventional therapeutic options currently on the 
market include glucocorticoids and synthetic 
and biological disease-modifying anti-rheu-
matic drugs (DMARDs) [7]. Given the draw-
backs of traditional RA medications, contem-
porary cellular therapy using mesenchymal 
stem/stromal cells (MSCs) can be considered 
an alternative therapeutic approach [8, 9]. Be-
sides, their extracellular vesicles (EVs) are 
another therapeutic option that is evaluated in 
preclinical studies [10, 11]. Here, in the cur-
rent study, we will review the application of 
MSCs and their EVs as new therapeutic can-
didates for RA. 

1. Mesenchymal Stem/Stromal Cells 
Mesenchymal stromal cells, also referred to 
as mesenchymal stem cells (MSCs), are adult 
stem cells with the ability of multilineage dif-
ferentiation and self-renewal [12, 13]. These 
cells can isolate from different tissues such as 
the umbilical cord (UC), bone marrow (BM), 
adipose (AD) tissue, placenta, and peripheral 
blood [14]. MSCs must meet the three minimal 
requirements established by the International 
Society for Cellular Therapy (ISCT), even 
though they may display varied traits based 
on the tissue from which they were derived. 
As a result of the absence of a commonly used 
surface marker phenotype, experts’ opinions 
on the specific characteristics of MSCs vary. 
However, all experts agreed that MSC popu-
lations exhibit plastic adherent properties and 
the expression of CD73, CD90, and CD105, 
and the lack of expression of hematopoietic 
markers, most notably CD3, CD14, CD19, 
CD34, and CD45 [15]. Additionally, in a cul-
ture setting, MSCs can differentiate into three 
mesodermal lineages chondrocytes, adipo-
cytes, and osteoblasts [16]. Different studies 
have demonstrated the therapeutic potential of 
MSCs in inflammatory diseases, especially in 
autoimmune diseases [17]. The role of MSCs 
has been demonstrated in multiple sclerosis 
(MS) [18], RA [19], systemic lupus erythe-
matosus (SLE) [20], graft-versus-host disease 
(GvHD) [21], Alzheimer’s disease (AD) [22], 
Parkinson’s disease (PD) [23], etc. MSCs 
were first believed to function therapeutical-

ly by migrating to damaged areas, engrafting, 
and then differentiating into the required cells 
for tissue regeneration. Other research, how-
ever, suggests that the therapeutic efficacy of 
MSCs is a result of the substances they pro-
duce as well as their differentiation [24].

2. Extracellular Vesicles
EVs are nanosized membrane-bound vesicles 
that range in size from 30 to 1000 nm and car-
ry essential substances between cells, main-
tain physiological homeostasis, and have an 
impact on pathogenesis [25, 26]. Exosomes 
(30–150 nm), microvesicles (100–1000 nm), 
and apoptotic bodies (50–5000 nm) are the 
three subgroups of EVs based on their diam-
eter. Different cell types secrete EVs, such 
as dendritic cells (DCs), mast cells, B-cells, 
T-Cells, epithelial cells, neural cells, etc [15, 
27]. Recent research revealed that MSC-EVs 
mediate the paracrine effects of the MSCs, 
exert biological effects similar to those of the 
parent cells, and have regenerative and an-
ti-inflammatory capabilities in animal mod-
els of MS [28], traumatic brain injury (TBI) 
[29], stroke [30], RA [31], AD [32], PD [33], 
GvHD [34], wound healing [35], perinatal 
brain injury [36], etc. It is also worth men-
tioning that MSC-EVs have some advantages 
in comparison to MSC therapy, including low 
tumorigenicity (they are not self-replicating) 
and immunogenicity [37], the ability to pass 
the blood-brain barrier (BBB) [38], the ability 
to encapsulate substances that can load partic-
ular drugs and can transport those substances 
to target cells [39], and finally, they also can 
preserve their internal biomolecular activity 
for an extended period at -80°C without de-
activating [40]. Since, the therapeutic effects 
of MSCs and MSC-EVs have been shown in 
RA, in the following sections we will review 
the latest research on the application of MSCs 
and MSC-EVs on RA. 

3.Application of MSCs in RA

3.1. Preclinical Studies
Many studies examined the therapeutic effica-
cy of MSCs in animal models of RA. Liu et al. 
investigated the efficacy and safety of a single 
dose intravenous (I.V.) infusion hUC-MSC in 
collagen-induced arthritis (CIA). Their results 
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demonstrated a decrease in clinical score, 
histological store, and concentration of inter-
leukin (IL)-6 [41]. One of the vital effects of 
MSCs that makes them suitable therapeutic 
candidates for RA is their immunomodulatory 
effects. Since RA is an autoimmune disease, 
most preclinical studies evaluated the immu-
nomodulatory effects of MSCs on immune 
cells [42]. 
T cells are immune cells that play an import-
ant role in the RA’s pathogenesis. Previous 
studies have shown the ability of MSCs to 
control the activity, differentiation, and pro-
liferation of T cells and also decrease the 
production of pro-inflammatory cytokines. 
In this regard, Yu et al. have shown that in 
I.V. administration of human umbilical cord 
blood MSCs (hUCB-MSCs) at different dos-
es in CIA significantly improves the clinical 
joint score, decreases cartilage damage, joint 
inflammation, cartilage damage, IL-1β, and 
IL-6 protein level and increase the frequency 
of regulatory T (Treg) cells and the protein 
level of IL-10 [43]. 
In another study, Gonzalo-Gil investigated the 
therapeutic effects of human embryonic stem 
cell-derived MSCs (hESC-MSC) in the CIA 
model. Administration of hESC-MSC sig-
nificantly reduces the severity of the disease 
and increases Foxp3+ Treg cells [44]. Liu et 
al. showed that the injection of hUC-MSCs in 
a mouse model of CIA delayed the onset of 
disease by lowering the number and activities 
of T follicular helper cells (Tfh) through IDO 
activity [45]. In a study by Vohra et al., they 
showed that UC-MSCs dramatically reduced 
the activation and proliferation of CD4+ and 
CD8+ T cells and induce the expansion of 
Treg cells in RA patients [46]. Lopez-San-
talla also demonstrated that the administration 
of human-expanded AD-MSCs to CIA mice 
reduces the number of pathogenic T CD4+ 
GM-CSF+ cells and increases the number of  
Foxp3+ CD4+ Treg cells and IL10+ IL17- CD4+ 
T cells [47]. The role of CD8+ T cells has not 
been well evaluated in the pathogenesis of 
RA. But there is proof that the quantity of 
CTLs in the joint, where a high frequency of 
CD8+ T cells have been seen at the site of in-
flammation, is directly correlated with the se-
verity of RA [48]. Macrophages are other im-
mune cells that play a vital role in the patho-

genesis of RA. Previous research has shown 
the presence of pro-inflammatory HLA-DR+ 
macrophages in in RA patients’ synovium 
[49]. Shin et al. have demonstrated that the 
administration of hUCB-MSCs into the CIA 
mice after the onset of the disease significant-
ly ameliorates the severity of the disease by 
regulating the function of macrophages. In 
the study, the authors showed that cyclooxy-
genase-2 and TNF-stimulated gene/protein 6 
activations by tumor necrosis factor (TNF)-α, 
polarized naive macrophages toward an M2 
phenotype when macrophages were co-cul-
tured with hUCB-MSCs [50]. 
In conclusion, independent of the tissue ori-
gin of the MSCs and the method of delivery, 
MSC-based therapy can reduce the level of 
arthritic inflammation in most experimental 
models of RA. 

3.2. Clinical Studies
Clinical trials are ongoing for several MSC-
based treatments for the treatment of RA. 
Some of these clinical trials have already been 
published and the others are ongoing. Most of 
the studies evaluated the efficacy and safety of 
MSCs therapy in RA patients [51]. 
Alvaro-Garcia et al. examined the safety and 
tolerability of I.V. administration of allo-
genic ASCs in refractory RA patients. They 
used different doses of ASCs and their results 
showed that at the dose range and period in-
vestigated, the I.V. infusion of ASCs was gen-
erally well tolerated and showed no signs of 
dose-related toxicity. Additionally, a trend 
toward clinical effectiveness was seen [52]. 
In another study by Shadmanfar et al., they 
investigated the tolerability and safety of au-
tologous BM-MSCs I.V. administration in RA 
patients with knee involvement. Their results 
showed no adverse effect after administration 
and 12 months of follow-up and improvement 
in pain-free walking distance,  time to jelling, 
visual analogue scale (VAS), and Western 
Ontario and McMaster Universities Arthri-
tis Index (WOMAC). They also showed that 
methotrexate (MTX) and prednisolone usage 
looked to have decreased as a result of the 
MSCs therapy [53]. In a similar study in Iran, 
Ghoryani et al. investigated the effects of I.V. 
administration of autologous BM-MSCs in re-
fractory RA patients. Their results showed de-
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creasing in Th17 percentage, Disease Activ-
ity Score-28 with Erythrocyte Sedimentation 
Rate (DAS28-ESR), and VAS score [54].  UC-
MSCs have also been used in clinical trials of 
RA. In this regard, Wang et al. demonstrat-
ed that the I.V. administration of DMARDS 
plus UC-MSCs significantly decreases the 
serum level of TNF-α and IL-6, increases the 
frequency of Treg cells, significant remission 
of disease, and improvement in DAS28 [55]. 
The long-term assessment also showed no ab-
normalities in the kidney and liver function, 
blood routine, and immunoglobin examina-
tion. Also, the ESR, C-reactive protein (CRP), 
rheumatoid factor (RF), and anti-cyclic ci-
trullinated Peptide (CCP) after one and three 
years post-treatment were found to be lower 
than those at pre-treatment, demonstrating 
a significant reduction. One year and three 
years after therapy, the health index (HAQ) 
and joint function index (DAS28) were lower 
than they were before treatment [56]. 
In another similar study by Park et al., they 
showed that the administration of hUC-MSCs 
to RA patients had no major toxicity and de-
crease the level of pro-inflammatory cytokines 
including IL-8,  IL-1β, IL-6, and TNF-α [57]. 
In conclusion, in any of the RA clinical trials 
that have been conducted, no toxicity or nega-
tive effects have been identified. The fact that 
the majority of the RA patients participating 
in these studies were refractory to standard 
RA medications and had a long history of the 
disease likely contributed to the lack of suffi-
cient data on efficacy.

4. Application of MSC-EVs in RA
Immune rejection, genetic disabilities, and 
malignancy are perennial worries in cell treat-
ment. Since EVs therapy is spontaneously 
secreted and widely disseminated in bodily 
fluids, it has better treatment outcomes than 
stem cell therapy and is also well tolerated 
by the body. They offer cell-free therapeutic 
applications and may be properly preserved 
while minimizing the dangers of malignant 
transformation, immunological rejection, and 
occlusion of tiny vessels associated with cell 
treatment [15]. Many studies have shown the 
therapeutic effects of MSC-EVs in RA. Tian et 
al. have investigated the therapeutic effects of 
human gingival mesenchymal stem cells-de-

rived exosome (GMSC-Exo) in CIA animal 
models. Their results showed that GMSC-Exo 
inhibits IL-17A and promotes IL-10, decreas-
ing incidences and bone erosion of arthritis, 
via inhibiting IL-17RA-Act1-TRAF6-NF-
κB signal pathway similar or stronger than 
GMSCs [58]. Chen et al. also evaluated the 
therapeutic effects of bone-marrow MSC-de-
rived miR-150-5p exosomes (Exo-150) on 
joint destruction in the CIA animal model. 
Their results showed that by targeting Matrix 
Metallopeptidase 14 (MMP14) and Vascular 
endothelial growth factor  (VEGF), Exo-150 
downregulated tube formation in HUVECs 
and reduced migration and invasion in RA Fi-
broblast-like synoviocytes (FLS). Exo-150 in-
jection in mice with CIA decreased the thick-
ness of the hind paws and the clinical arthritic 
scores. Exo-150 decreased joint degeneration 
by preventing angiogenesis and synoviocyte 
hyperplasia. Exosomes are a potential RA 
treatment method because they make direct 
intracellular miRNA transfer between cells 
possible [59]. In another study by Xu et al., 
they demonstrated the administration effect of 
hUC-MSC-derived sEVs on the CIA animal 
model. Their results showed that in a dose-de-
pendent way, sEV therapy reduced arthritic 
symptoms and prevented synovial hyperpla-
sia. These benefits were achieved by reduc-
ing the number of Th17 cells and increasing 
the fraction of Treg cells in the spleen, which 
decreased serum IL-17 and increased IL-10 
and TGF-β expression while enhancing T 
lymphocyte apoptosis. In terms of transcrip-
tion, sEVs boosted Foxp3 expression and de-
creased RORγt expression in the spleen while 
increasing Foxp3 expression in the joints. In 
certain ways, sEVs were better at treating CIA 
than MSCs and MTX [60].

Conclusion

Treatment for RA is challenging. The existing 
RA treatment techniques may not be able to 
relieve RA symptoms in all patients. MSCs 
and their EVs are promising therapeutic op-
tions that have been evaluated in different 
studies. It’s an intriguing idea that MSCs may 
be able to reprogram an autoimmune process 
into a more naive, tolerant state. To maximize 
the therapeutic potential of MSCs, research 
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into the shared microenvironment and how it 
interacts with the supplied cell types is essen-
tial. In parallel, various preclinical models are 
being used to assess the therapeutic use of EVs 
recovered from various cells. Even if there is 
a lot of evidence of the effectiveness of EVs 
produced from MSCs in numerous animal 
models, it is still insufficient for the treatment 
of rheumatic disease. However, the expanding 
volume of studies on MSC-EVs will probably 

help in better defining treatment alternatives. 
To comprehend the mechanisms underlying 
the therapeutic effect of MSC-EVs, additional 
research on these cells is necessary.
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