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Rheumatoid arthritis (RA) is an inflammatory 

autoimmune disease influenced by genetic, 

epigenetic, and environmental factors leading to a 

sequence of events that induce synovitis and 

consequent destructive arthritis. RA causes severe 

chronic joint inflammation in hands, knees, and 

feet, resulting in joint swelling, stiffness, and pain 

(Iain B. McInnes & Georg Schett, 2011). Cell-

based therapy with mesenchymal stem cells 

(MSCs) and/or their derived extracellular vesicles 

(EVs), particularly exosomes, represent a 

promising treatment for RA patients. MSCs are 

potent, thin, fibroblast-like stem cells found in 

nearly all tissues and organs. MSCs are 

characterized by self-renewal and differentiation 

into several different cell types. Because of their 

genetic stability, immunomodulatory roles, and 

ability to repair damaged or inflamed tissues, 

MSCs have a promising role in therapeutic 

applications in degenerative, inflammatory, and 

autoimmune diseases such as RA (Guitynavard & 

Aghamir, 2020). EVs are double-layer lipid 

membranes enclosing cytosol, and they contain 

proteins, lipids, and nucleic acids, including 

microRNAs (miRNAs) (Andaloussi et al., 2013). 

They are released from various types of cells and 

function as the inter-cellular way of 

communication among cells (Ryan et al., 2021). 

According to the size and the way of secretion, the 

known EVs are divided into exosomes, 

microvesicles, and apoptotic bodies (Ryan et al., 

2021). 

MSCs are one of the most common known cells 

to produce EVs (Liu et al., 2020). MSC-derived 

EVs are believed to produce the same anti-

inflammatory and immune-modulatory effects as 

their parent cells (J. J. Li et al., 2019). They are 

more safe and controllable than MSCs, which are 

highly likely to be transformed into tumor cells 

(Caplan et al., 2019). MiRNAs belong to small 

non-coding RNAs (22 nts), involved in various 

biological processes, and they serve as signaling 

molecules regulating cell-cell communications. 

Furthermore, they control mRNA translation 

through gene silencing at the posttranscriptional 

level (O’Brien et al., 2018). MiRNAs, expressed in 

or delivered to MSCs and MSC-derived EVs and 

exosomes, contribute to RA treatment and affect 

the disease pathophysiology and progress. In a 

collagen-induced arthritis (CIA) animal model, an 

animal model for RA, MSCs administration 

ameliorated the disease via inhibition of the NF-κB 

signaling pathway, which is done through 

downregulating miR-548e in the affected joints. 

MiR-548e suppressed this signaling pathway way 

via inhibiting the expression and translation of IκB 

protein, NF-κB inhibitor, through binding with the 

3′-UTR of its mRNA (Yan et al., 2016). On the 

other hand, miRNA-23b showed its therapeutic 

effect against RA as an inhibitor of matrix 

metalloproteinases (MMP-9, MMP-2). When 

combined with H-89, the differentiation of synovial 

fluid-derived MSCs into chondrocytes occurs by 

targeting and suppressing the protein kinase A 

(PKA) signaling pathway (Ham et al., 2014). On 

the other hand, miRNAs can be used as a biomarker 

for RA patients' response to MSCs therapy. 

Because of individual response variation to cell-

based therapy in RA, categorizing patients and 

stratifying them could help predict their response 
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and the efficacy outcome. A study done by 

Mallinson, Dunbar, Ridha et al. is the first of its 

kind to investigate and identify circulating 

miRNAs stratifications and link them to the 

treatment with expanded allogeneic adipose-

derived mesenchymal stem cells (eASCs) in RA 

patients. In the responder eASCs treated group of 

RA patients, there have been three miRs (miR-26b-

5p, miR-487b-3p, and miR-495-3p) that were 

noticeably upregulated compared with the non-

responder group of patients, suggesting that these 

miRNAs have the potential to be stratification 

biomarkers for RA patients' response to eASCs 

(Mallinson et al., 2017). This finding could open a 

new avenue for tailor-making treatment for RA 

patients. On the other hand, miRNAs are found to 

be involved in the therapeutic mechanism of action 

of MSC-derived EVs in RA, as they are found to 

highly express particular types of miRNAs. For 

instance, bone marrow mesenchymal stem cell-

derived extracellular vesicles (BM-MSC-derived 

EVs) alleviate RA via its miRNA-21. BM-MSC-

derived EVs transfer miRNA-21, which is highly 

expressed, into Fibroblast-like synoviocyte (FLS), 

and miRNA-21 targets the TET1/KLF4 regulatory 

axis, leading to a decline in the KLF4 expression. 

This, in turn, promotes the FLS cell proliferation, 

suppresses the expression of the inflammatory 

cytokines (TNF-α, PGE2, and IL-1β), and reduces 

the clinical symptoms of RA (G. Q. Li et al., 2021). 

Other BM-MSC-derived EVs with highly 

expressed miRNA-34a, diminish RA inflammation 

by targeting cyclin I and activating the 

ATM/ATR/p53 signaling pathway. This, in turn, 

inhibits aberrant RA-FLS development and causes 

RA-FLS apoptosis, and therefore reduces RA 

inflammation. (Wu et al., 2021). 

Exosomes derived from MSCs play a substantial 

role in RA treatment strategy because they present 

in different cell types, they can invade the 

circulating system and they contain miRNAs. 

Moreover, they can be used as a means for drug 

delivery and targeting particular cell types for 

treating RA patients. MSC-derived exosomes can 

be genetically modified, transfected to overexpress 

potential therapeutic miRNAs for managing RA 

disease. For instance, a preclinical study of the 

therapeutic use of MSC-derived exosomes 

overloaded microRNA-192a-5p demonstrated its 

efficacy in alleviating the inflammatory condition 

in CIA rats by targeting RAC2 (Zheng et al., 2020). 

Meng et al. (Q. Meng & Qiu, 2020) have illustrated 

a way by which they can regulate the behavior of 

FLSs in RA patients through controlling the 

expression of miRNAs. MSC miR-320a packed 

exosomes, were reported to regulate the production 

of CXCL9, a member of the CXC chemokine 

family, which was found to be significantly 

upregulated with concomitant downregulation of 

miR-320a in patients with RA and contributed to 

the disease. 

Using MSC-derived exosomes over-expressing 

microRNA-320a showed a decrease in the process 

of activation, migration, and invasion of RA-FLSs 

in vitro and a decrease in the inflammatory 

response in CIA mice, suggesting a high 

therapeutic value that could come from regulating 

the expression of miR-320a in exosomes derived 

from MSCs (Q. Meng & Qiu, 2020). In another 

study, the effect of MSC-derived exosomes 

containing miR-150-5p showed its effect in vitro 

and in vivo in decreasing angiogenesis by targeting 

VEGF, and bone destruction by targeting MMP14. 

Moreover, the FLS invasion and migration were 

decreased (Chen et al., 2018). Meng et al. have 

used MSC-derived exosomes to deliver the 

therapeutic miRNA-124a, leading to proliferation 

inhibition in addition to migration as well as 

apoptosis of the FLS (H. Y. Meng et al., 2020). 

Similarly, MSC-derived exosomes were used as a 

means to transfer miRNAs among cells and permit 

cell-cell communication. In a study done by 

Tavasolian et al., miR-146a/miR-155-transduced 

MSC-derived exosomes were used in a CIA mice 

model, and the result revealed that the disease is 

ameliorated significantly in comparison to control 

mice. Such modification with anti-inflammatory 

miRNAs permits MSCs exosomes to treat 

inflammatory diseases, including RA (Tavasolian 

et al., 2020). 

In conclusion, MSCs and MSC-derived EVs, 

particularly exosomes represent a promising tool 

for treating RA patients via particular types of 

miRNAs. MSC-derived exosomes can also be used 

as a means of delivery for therapeutic miRNAs. 

Little is known about the expressed miRNAs in 

MSCs, and MSC-derived EVs used in RA. Further 

investigations are required to profile these miRNAs 

and elucidating their targets and the involved 

signaling pathways. 
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