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Abstract
Rheumatoid arthritis (RA) is a multifactorial autoimmune disease primarily
characterized by erosive arthritis. It can lead to joint pain, swelling, and
deformity, significantly affecting patients' quality of life. RA results from the
interaction of multiple factors, including genetic, environmental, and
immune components, and its pathogenesis has not yet been fully elucidated.
Existing treatment regimens have several limitations. Mesenchymal stromal
cell (MSC) therapy has shown promising therapeutic potential in both pre-
clinical and clinical studies due to its unique biological properties, such as
multi‐lineage differentiation potential, immunomodulatory functions, low
immunogenicity, and strong tissue repair capacity. This article provides a
comprehensive review of the long‐term efficacy, safety, and potential
mechanisms underlying MSC therapy on RA, with the aim of proposing MSC‐
based strategies to optimize therapeutic outcomes.
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Key points
• Rheumatoid Arthritis (RA) Pathogenesis and Limitations of Current
Treatments: RA is a multifactorial autoimmune disease leading to joint
pain, swelling, and deformity, with current treatments facing limitations in
efficacy and safety.

• Therapeutic Potential of Mesenchymal Stromal Cells (MSCs): MSC
therapy provides promise for RA treatment due to their multi‐lineage dif-
ferentiation, immunomodulatory properties, low immunogenicity, and
tissue repair capacity.

• Long‐Term Efficacy and Safety of MSCs: This review evaluated the long‐
term efficacy, safety, and potential mechanisms of MSC therapy, proposing
novel strategies to improve therapeutic outcomes for RA patients.

• Novel MSC‐Based Strategies: The review suggested novel MSC‐based
therapeutic strategies that can enhance treatment outcomes and overcome
the limitations of existing RA therapies.

1 | INTRODUCTION

Rheumatoid arthritis (RA) is a chronic autoimmune dis-
ease characterized by erosive arthritis, which can cause
joint pain, swelling, and deformity, significantly impairing
patients' quality of life. Globally, RA affects approximately

0.5% to 1% of the population, with a higher prevalence in
women than in men. In addition to joint involvement, RA
can also affect other organs, including the heart, lungs,
and kidneys, leading to complications, such as pericar-
ditis, interstitial lung disease, and renal amyloidosis.
These systemic manifestations markedly increase the risk
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of disability and mortality.1,2 Current treatment strategies
for RA rely heavily on medications such as nonsteroidal
anti‐inflammatory drugs (NSAIDs),3 glucocorticoids,4

disease‐modifying anti‐rheumatic drugs (DMARDs),5 and
biologics.6 While these drugs can alleviate pain and
inflammation to some extent, they require long‐term
administration, and symptoms often recur after dis-
continuation, making sustained disease control chal-
lenging. Moreover, prolonged use is associated with
adverse effects, such as gastrointestinal ulcers, bleeding,
and abnormalities in blood glucose and lipid levels,
which compromise both the efficacy and safety of treat-
ment.3,4 These side effects also limit therapeutic options
and complicate long‐term health management for pa-
tients. Given these limitations, there is a pressing need for
safer and more effective treatment strategies.

In recent years, mesenchymal stromal cells (MSCs)
have garnered significant attention as a potential break-
through in RA treatment. Their unique biological proper-
ties, such as the ability to secrete anti‐inflammatory
cytokines and growth factors, promote tissue repair,
modulate immune responses, and differentiate into mul-
tiple cell types,7 position them as a promising alternative.
It is essential to explore the long‐term efficacy and safety
of MSC‐based therapies to promote their clinical appli-
cation and ultimately improve outcomes for RA patients.

2 | OVERVIEW OF RA

2.1 | Characteristics of RA

RA is a chronic, systemic inflammatory autoimmune dis-
ease that primarily targets the synovial membrane of joints,
leading to joint pain, swelling, stiffness, and, in severe cases,
deformity and loss of function. Pathologically, RA is char-
acterized by chronic synovial inflammation, hyperplasia,
and pannus formation, which progressively erode articular
cartilage and bone.8 Clinically, RA typically presents with
symmetrical pain, swelling, and stiffness affecting multiple
joints—particularly the small joints of the hands, wrists,
and feet. A hallmark symptom is morning stiffness, often
lasting longer than an hour and improving with movement.
As the disease progresses, joint symptoms worsen, resulting
in functional impairment and characteristic deformities,
such as swan‐neck and boutonnière deformities. These
changes significantly impact daily activities, including
dressing, eating, personal hygiene, and walking, thereby
severely diminishing quality of life.

Beyond articular manifestations, RA is associated with
a wide range of systemic complications. These include
interstitial lung disease, pleuritis, cardiovascular diseases,
such as atherosclerosis and pericarditis, hematological
abnormalities including anemia, leukopenia, and throm-
bocytosis, renal impairment, neurological disorders, such
as peripheral neuropathy and cervical spine involvement,
as well as osteoporosis and secondary Sjögren's syn-
drome.9 These extra‐articular features substantially
increase the risk of disability and mortality, imposing
considerable emotional and financial burdens on patients,
families, and healthcare systems. Globally, the prevalence
of RA between 1980 and 2019 was approximately 0.46%,

with variability influenced by geographical location and
study methodology.10

2.2 | Pathogenesis of RA

The exact pathogenesis of RA remains incompletely
understood and is believed to result from a complex
interplay among genetic, environmental, and immune
factors (Figure 1)12. Genetic predisposition plays a pivotal
role, with strong associations observed between specific
alleles of the human leukocyte antigen (HLA)‐DRB1 gene
and increased susceptibility to RA. In addition to HLA
genes, non‐HLA genes, such as signal transducer and
activator of transcription 3 and protein tyrosine phos-
phatase non‐receptor type 22, also contribute to RA
pathogenesis. These genetic variants influence immune
cell function and immune signaling pathways, thereby
increasing the risk of developing RA.13

Environmental triggers, including infections and
smoking, are also important contributors. For example,
proteins from the Epstein‐Barr virus (EBV) share struc-
tural similarities with synovial membrane proteins. This
molecular mimicry may cause the immune system to
misidentify joint tissue as foreign during an immune
response to EBV infection, thereby initiating and sus-
taining autoimmunity.11 Among environmental factors,
smoking is one of the most significant risk factors. Both
epidemiological studies and animal models have dem-
onstrated its contribution to RA development and pro-
gression, likely through immune dysregulation and
promotion of systemic inflammation.14

Compared with the general population, RA patients
face a markedly increased risk of mortality due to cancer
and infections. In particular, RA patients with infectious
complications have a significantly elevated mortality
risk—up to 52% higher than those without such com-
plications.15 Immune dysregulation is central to RA
pathogenesis. In RA, the immune system erroneously
targets synovial joint tissue, perceiving it as a foreign
antigen and triggering a pathological immune response.
This response involves the activation of T lymphocytes,
B lymphocytes, and macrophages, which secrete pro‐
inflammatory cytokines and mediators, such as tumor
necrosis factor‐alpha (TNF‐α), interleukin (IL)‐1, and IL‐
6.16 These cytokines further recruit and activate immune
cells in the synovium, resulting in chronic inflammation,
synovial hyperplasia, and pannus formation. Over time,
this inflammatory environment promotes the progres-
sive destruction of cartilage and bone, leading to
irreversible joint damage and deformity as briefly sum-
marized in Figure 1.

2.3 | Traditional treatment options for RA

Current treatments for RA primarily include pharmaco-
logical therapy, physical therapy, and surgical intervention.
NSAIDs provide anti‐inflammatory and analgesic effects by
inhibiting cyclooxygenase (COX) activity, thereby reducing
prostaglandin synthesis and presenting rapid relief from
joint pain and swelling. However, long‐term NSAID use can
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cause gastrointestinal complications, such as ulcers and
bleeding, as well as cardiovascular and renal adverse ef-
fects.3 Glucocorticoids, known for their potent anti‐
inflammatory and immunosuppressive properties, deliver
quick symptom relief but are associated with serious long‐
term side effects. These include osteoporosis, increased
susceptibility to infections, blood glucose and lipid abnor-
malities, and hypoadrenocorticism, often resulting in dis-
ease flare‐ups upon discontinuation.4

DMARDs, the cornerstone of RA treatment, slow
disease progression and prevent joint damage. However,
their slow onset of action—typically 1 to 3 months—and
variable efficacy limit their utility. Traditional DMARDs,
such as methotrexate, leflunomide, and sulfasalazine,
are frequently accompanied by adverse effects including
hepatic and renal toxicity, hematological abnormalities,
and gastrointestinal disturbances.5 Biologic agents rep-
resent a newer class of therapeutics, including TNF‐α
inhibitors (e.g., etanercept, infliximab) and IL‐6 receptor
antagonists (e.g., tocilizumab). Administered via injec-
tion or infusion, these drugs target specific immune
pathways to exert potent anti‐inflammatory and im-
munomodulatory effects. Although biologic therapies
provide rapid symptom relief and slow the progression
of joint destruction, their high‐cost limits broad acces-
sibility. Additionally, biologics are associated with an
increased risk of infections and malignancies, and some
patients may experience injection site reactions, allergic
responses, or reduced efficacy over time.6

Small‐molecule targeted therapies, such as Janus
kinase inhibitors (e.g., tofacitinib, baricitinib), block
intracellular signaling pathways involved in inflamma-
tion. These agents provide the advantages of oral
administration and rapid onset of action but are also
associated with adverse effects, including infections,
dyslipidemia, and elevated liver enzymes.17

As outlined, current pharmacological treatments
for RA have significant limitations. These treatments

mainly require frequent administration, and disease
relapse or worsening typically occurs after dis-
continuation, complicating long‐term disease man-
agement. Furthermore, prolonged use of these
medications is associated with several side effects,
such as gastrointestinal discomfort and potential
liver or kidney damage, which can significantly
impact patients' quality of life, highlighting the need
for safer alternatives.

Physical therapies—including hot compresses, mas-
sage, acupuncture, and physiotherapy—can alleviate
symptoms and improve joint function but do not modify
the underlying disease course. Surgical interventions,
such as joint replacement and synovectomy, are gen-
erally reserved for patients with severe joint deformities
and functional impairment in advanced disease stages.
While these procedures can improve joint function and
quality of life, they carry risks of complications, such as
infection and prosthetic loosening, along with substan-
tial financial costs.18

3 | MSCS

3.1 | Characteristics of MSCs

As illustrated in Figure 2, MSCs possess a variety of
unique characteristics that contribute to their func-
tions. MSCs are adult stromal cells with self‐renewal
capacity and multi‐lineage differentiation potential,
found in diverse tissues including bone marrow,
umbilical cord blood, umbilical cord tissue, placental
tissue, and adipose tissue. Their versatile properties
have made them a central focus in regenerative med-
icine and the treatment of numerous diseases. Under
specific induction conditions, MSCs can differentiate
into multiple cell types, such as osteoblasts, adipocytes,
and chondrocytes, demonstrating their remarkable

F IGURE 1 Interactions between different factors in rheumatoid
arthritis.11

FIGURE 2 Characteristics of MSCs and their and therapeutic
mechanisms in rheumatoid arthritis. MSC, mesenchymal stromal cell;
Tfh, T‐follicular helper; Th, T helper; Treg, regulatory T cells.
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potential for tissue repair and regeneration. Moreover,
MSCs exhibit potent immunomodulatory functions:
they suppress the proliferation of T and B lymphocytes,
inhibit the maturation and activity of dendritic cells
(DCs), and regulate natural killer cell functions
(Figure 3). These immunomodulatory capacities render
MSCs valuable in treating autoimmune diseases and in
transplant immunology. Clinical trials have confirmed
their safety and efficacy in attenuating immune
responses during organ transplantation, positioning
MSCs as promising candidates for inducing transplant
tolerance.19

In alignment with the updated ISCT standards,
MSCs are defined as stromal cells rather than stem
cells. The traditional stemness criteria, such as trili-
neage differentiation and adherent growth, are ex-
cluded. Instead, the focus is placed on specific cell
markers, flow cytometry thresholds, and the tissue
source of the cells. The paracrine effects and im-
munomodulatory functions of MSCs are emphasized,
which are more relevant in clinical applications than
their differentiation potential.

In addition, MSCs modulate the immune micro-
environment by secreting immunoregulatory factors,
such as transforming growth factor‐beta (TGF‐β) and
indoleamine 2,3‐dioxygenase (IDO), providing novel
therapeutic strategies for autoimmune diseases,
including RA and systemic lupus erythematosus.20

Preclinical studies21,22 have demonstrated the
therapeutic potential of MSCs in animal models of
RA, in which MSCs have been shown to reduce joint
inflammation, promote cartilage regeneration, and
improve overall joint function. For instance, in the
collagen‐induced arthritis (CIA) mouse model, both
intravenous and local administration of MSCs sig-
nificantly reduced inflammatory markers and joint
damage. Clinical studies have confirmed these find-
ings, with MSC therapy showing promise in RA pa-
tients by reducing disease activity, alleviating pain,
and improving quality of life.

The expression of surface markers, such as CD73,
CD90, and CD105, is critical for identifying MSCs ac-
cording to the new standards. Flow cytometry is used to
confirm the absence of hematopoietic markers (e.g.,
CD34, CD45) as part of the characterization process.

MSCs possess robust self‐renewal capabilities, en-
abling long‐term in vitro culture while maintaining their
stromal cell properties, thereby providing a reliable
source for clinical applications. The use of chemically
defined, serum‐free media facilitates long‐term expan-
sion of human MSCs while preserving their pluripotency
and undifferentiated state. This approach addresses
challenges, such as batch‐to‐batch variability and risks
associated with animal‐derived components in tradi-
tional culture systems, providing a scalable and stan-
dardized platform for MSC production.23 Furthermore,
platelet lysate or autologous serum can substitute fetal
bovine serum without compromising MSC quality.24

Genetic modifications, such as overexpression of Oct4
and Sox2, significantly enhance MSC proliferative
capacity and stemness maintenance, supporting large‐
scale clinical applications.25

MSCs exhibit low immunogenicity, reducing the
likelihood of immune rejection in transplantation
therapies. This immune evasion is attributed to their
low expression of major histocompatibility complex
(MHC) class I molecules and the absence of MHC
class II and costimulatory molecules. Additionally,
MSCs secrete immunosuppressive factors, including
TGF‐β and IDO.26 Recent studies have shown that
MSC immunogenicity can be modulated; for ex-
ample, dexamethasone pretreatment enhances the
immunomodulatory properties of human MSCs.27

Cosenza et al.28 demonstrated that small extracellular
vesicles from interferon‐gamma (IFN‐γ)‐pretreated
bone marrow–derived MSCs alleviated inflammation
in a CIA mouse model, indicating that MSC thera-
peutic efficacy is highly dependent on IFN‐γ levels.
This was further confirmed by He et al.,29 who found
that mice treated with IFN‐γ receptor knockout
MSCs exhibited more severe synovial inflammation
compared to those treated with wild‐type MSCs.
These findings underscore the importance of con-
sidering the microenvironment and pretreatment
methods in clinical applications to ensure MSCs
safety and efficacy.

3.2 | Mechanisms of MSCs in the
treatment of RA

The therapeutic mechanisms of MSCs in RA are multi-
faceted, encompassing immunomodulation, anti‐
inflammatory effects, promotion of tissue repair, and
inhibition of osteoclastogenesis. These mechanisms act
synergistically to confer therapeutic benefits in RA. Key
aspects include:
Immunomodulation: The pathogenesis of RA is closely
linked to dysregulated immune activation. MSCs help
restore immune homeostasis by modulating immune
cell function via multiple pathways. T lymphocytes play
a central role in RA; abnormally activated T cells pro-
duce excessive pro‐inflammatory cytokines, triggering
an inflammatory cascade that damages joint tissues.
MSCs inhibit T cell activation and proliferation through
various mechanisms. In vitro studies demonstrate sig-
nificant suppression of T cell activation and

F IGURE 3 Mesenchymal stromal cells: Origin, phenotype, and
functional features.
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proliferation when cocultured with human embryonic
stem cell‐derived MSCs (hESC‐MSCs). In vivo, intra-
venous administration of hESC‐MSCs enhances infil-
tration and activation of regulatory T cells (Tregs).30

MSCs also modulate antigen‐presenting cell (APC)
function, thereby indirectly influencing T cell differen-
tiation. APCs are critical for T cell differentiation; by
altering APC surface molecule expression and cytokine
secretion, MSCs modify the differentiation signals
received by T cells, inhibiting their development into
pro‐inflammatory effector subsets.31 Additionally, MSCs
promote the generation of Tregs, a subset of T cells with
immunosuppressive functions that maintain immune
tolerance and suppress autoimmune responses. Studies
have shown that MSCs induce naïve T cells to differ-
entiate into Tregs through the secretion of cytokines,
such as IL‐10 and TGF‐β, enhancing immune regulation
and mitigating RA‐related immune pathology.32 B cells
are aberrantly activated in RA patients, producing
autoantibodies, such as rheumatoid factor (RF) and
anti‐cyclic citrullinated peptide (anti‐CCP) antibodies.
These autoantibodies form immune complexes that
activate the complement system, exacerbating inflam-
mation.33 MSCs regulate B cell function by inhibiting
their differentiation, proliferation, and antibody pro-
duction, while promoting the generation of IL‐
10‐producing regulatory B cells.34 Notably, DCs, the
most potent APCs, play a pivotal role in initiating and
regulating immune responses. In RA, DCs efficiently
present self‐antigens, activating autoreactive T cells and
triggering autoimmune responses. MSCs suppress DC
maturation, reduce their production of pro‐
inflammatory cytokines, and diminish their capacity to
stimulate robust T cell responses.
Anti‐inflammatory effects: MSCs exert anti‐inflammatory
effects by inhibiting the production of inflammatory
mediators, promoting the secretion of anti‐inflammatory
cytokines, inducing macrophage polarization, suppressing
complement system activation, and enhancing endothelial
cell repair.35 They secrete bioactive molecules, such as
IL‐10 and TGF‐β, which neutralize pro‐inflammatory cyto-
kines, including TNF‐α, IL‐1, and IL‐6 in the inflammatory
microenvironment, thereby reducing inflammation‐
induced joint damage. Moreover, MSCs promote macro-
phage polarization toward the anti‐inflammatory M2
phenotype, which decreases the release of inflammatory
mediators and further augments anti‐inflammatory
effects.36 MSCs also regulate key kinases in the mitogen‐
activated protein kinase (MAPK) signaling pathway,
blocking inflammatory signal transduction. The p38 MAPK
pathway governs IL‐1 and TNF‐α production. Hammaker
et al.37 demonstrated that MAPK kinase (MKK)3 andMKK6
co‐immunoprecipitate with p38 in fibroblast‐like synovio-
cytes stimulated by IL‐1 and TNF‐α. In vitro kinase assays
showed that this complex phosphorylates activating
transcription factor‐2, indicating that MKK3 and MKK6
form functional complexes with p38 in synovial tissue
and fibroblast‐like synoviocytes. These kinases thus
represent potential targets for regulating pro‐
inflammatory cytokine production in inflamed
synovium. A study using MSC‐conditioned medium

(MSC‐CM) in adjuvant‐induced arthritis in male
Wistar rats revealed that MSC‐CM alleviated inflam-
matory symptoms, reduced serum TNF‐α levels, and
inhibited intracellular signaling pathway factors.38

Anti‐inflammatory effects: In RA patients, articular
cartilage and bone tissues suffer severe damage. MSCs
can differentiate into chondrocytes, osteoblasts, syno-
viocytes, and other joint tissue cells within the local joint
microenvironment, thereby replenishing damaged car-
tilage and bone and promoting repair and regenera-
tion.39 MSCs also secrete growth factors and cytokines,
such as insulin‐like growth factor‐1 (IGF‐1)40 and vas-
cular endothelial growth factor (VEGF),41 which stimu-
late angiogenesis, enhancing nutrient and oxygen
delivery to damaged tissues. These factors also accel-
erate fibroblast and chondrocyte proliferation and
migration, thereby facilitating tissue repair.
Chemotactic effects: MSCs express chemokine receptors,
including C‐X‐C motif chemokine receptor 4 (CXCR4),
which detect chemokines, such as CCL2, CCL5, and CXC
motif chemokine ligand 12 (CXCL12), released at inflam-
matory joint sites, enabling targeted migration to areas of
inflammation. Stromal cell‐derived factor‐1 (SDF‐1), also
known as CXCL12, is a homeostatic cytokine with potent
chemotactic ability and represents a potential therapeutic
target for RA.42 Using synthetic biology, researchers en-
gineered biomimetic nanoparticles (MCPNs) by fusing
CXCR4‐anchored MSC membranes with drug‐loaded
polymer cores. These nanoparticles serve as decoys tar-
geting SDF‐1 in arthritis. Via the CXCR4/SDF‐1 chemo-
tactic signaling axis, MCPNs evade immune clearance and
accumulate in inflamed joints, significantly suppressing
synovial inflammation and ameliorating pathological
changes in a CIA mouse model.43 This chemotactic
mechanism allows MSCs to effectively home to inflam-
matory sites and exert anti‐inflammatory and tissue repair
effects. The mechanisms underlying MSC therapy for RA
are interconnected and synergistic, providing novel strat-
egies and promising potential for RA treatment. As
research advances and clinical trials progress, MSCs are
poised to become a safe and effective therapeutic option,
providing significant relief for RA patients.
Potential risks: Despite the promising therapeutic effects
of MSCs, there are potential risks associated with their use.
Tumor formation remains a significant concern, as the
undifferentiated nature of MSCs can lead to uncontrolled
proliferation under certain conditions. Additionally, issues
related to MSC differentiation, such as incomplete or
abnormal differentiation, may compromise the desired
therapeutic effects and even contribute to tumorigenesis.
Furthermore, while MSCs generally exert immunomodu-
latory effects, in some cases, they may provoke immune‐
related side effects, including graft‐versus‐host reactions or
unanticipated immune responses, especially in patients
with compromised immune systems.
Influential factors: Furthermore, the success of MSC‐
based therapies can be influenced by factors, such as age,
disease stage, and comorbidities. Older patients may ex-
hibit a decline in the regenerative potential of MSCs, as
cellular senescence can reduce the efficacy of therapy.
Similarly, patients with advanced disease or additional
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comorbidities, such as cardiovascular disease or diabetes,
may have altered MSC function, affecting treatment out-
comes. These factors must be considered when designing
personalized MSC‐based therapeutic strategies.

Preclinical studies on MSC therapy in RA models
have highlighted their role in reducing joint inflamma-
tion, promoting tissue repair, and regulating immune
responses. In CIA models, MSCs significantly suppressed
T cell activation and pro‐inflammatory cytokine produc-
tion, providing a foundation for clinical applications.
Clinical trials have further confirmed the efficacy of MSCs
in modulating the immune response and reducing
inflammation in RA patients. For example, one clinical
trial20 demonstrated that a single infusion of Umbilical
cord‐derived MSCs (UC‐MSCs) led to significant reduc-
tions in TNF‐α and IL‐6 levels, along with improvements
in disease activity scores (DASs) and quality of life.

MSC‐derived exosomes in immune modulation and
tissue repair: In addition to direct cell‐to‐cell interactions,
MSCs exert therapeutic effects via the release of extra-
cellular vesicles, particularly exosomes. MSC‐derived exo-
somes are small lipid bilayer vesicles that contain bioactive
molecules, including proteins, lipids, and RNAs, which
facilitate intercellular communication. These exosomes play
a crucial role in the immunomodulatory effects of MSCs in
RA. Studies30,31 have shown that MSC‐derived exosomes
can suppress T cell activation and proliferation, modulate
APC function, and promote Treg expansion, similar to the
effects observed with MSCs themselves. Exosomes also
reduce the production of pro‐inflammatory cytokines, such
as TNF‐α, IL‐1, and IL‐6, thereby contributing to the anti‐
inflammatory effects of MSC therapy. Furthermore, MSC‐
derived exosomes are involved in tissue repair by promot-
ing the proliferation and migration of chondrocytes and
fibroblasts, as well as stimulating angiogenesis through the
delivery of growth factors, such as VEGF and IGF‐1. Exo-
somes are being explored as a potential therapeutic alter-
native to whole MSCs due to their ability to deliver key
therapeutic signals without the risks associated with cell‐
based therapies, such as immune rejection or tumor for-
mation. This makes MSC‐derived exosomes an attractive
candidate for RA treatment, providing a novel mechanism
by which MSCs exert their therapeutic benefits.

3.3 | Influential factors of MSCs in the
treatment of RA

The efficacy of MSC therapy in RA is affected by various
factors, including intrinsic cellular properties, treatment

protocols, and patient‐specific differences. MSCs
derived from different tissue sources may exhibit dis-
tinct therapeutic potentials (Table 1).44

Preclinical studies33,34 have also suggested that the
therapeutic potential of MSCs can be influenced by
factors such as the source of MSCs, treatment proto-
cols, and microenvironmental conditions. For instance,
the differentiation potential and immunomodulatory
properties of bone marrow‐derived MSCs45 have been
shown to be more potent in animal models of RA than
adipose‐derived MSCs (AD‐MSCs).46 Clinical studies
have echoed these findings, indicating that factors,
such as the route of administration (intravenous vs.
intra‐articular), MSC dose, and patient‐specific condi-
tions (e.g., age and comorbidities), also significantly
impact treatment outcomes. UC‐MSCs offer several
advantages, including convenient collection, lack of
ethical concerns, low immunogenicity, and high pro-
liferative capacity. These features have contributed to
promising therapeutic outcomes in clinical studies.47

The key factors influencing the therapeutic regimen of
MSCs for RA include the route of administration, dosage,
frequency, and pretreatment methods. The MSC dosage is
critical in determining treatment efficacy.48 Insufficient
doses may fail to produce the desired therapeutic effects,
while excessive doses may increase the risk of adverse
reactions.49 Evidence suggests that within an optimal
range, increasing the MSC dose enhances therapeutic
outcomes; however, beyond a certain threshold, further
dose escalation may yield diminishing returns or even
adverse effects.44 Animal studies administering varying
MSC doses to RA models have demonstrated that mod-
erate dosing provides the most favorable therapeutic
benefit, effectively reducing joint inflammation and tissue
damage without eliciting significant adverse reactions.44

Common administration routes include intravenous, intra‐
articular, and local injections, each with distinct impacts
on efficacy. Intravenous injection is straightforward and
enables MSCs to circulate systemically, reaching inflamed
joints via the bloodstream.50 Intra‐articular injection
delivers MSCs directly to the affected joint, achieving
high local concentrations, but carries risks, such as infec-
tion or damage at the injection site.51 Local injections,
including intramuscular or subcutaneous routes, facilitate
MSC accumulation in targeted areas, enhancing
localized therapeutic effects, though their clinical appli-
cability is comparatively limited.52 Pretreatment of MSCs
before infusion—using cytokines or small‐molecule
compounds—can potentiate their immunomodulatory
and anti‐inflammatory properties, thereby improving their

TABLE 1 Comparison of the characteristics of MSCs from different sources.

MSC source
Cell proliferation
ability

Immunomodulatory
activity Difficulty of obtaining Ethical controversy

Bone marrow Moderate Relatively strong Invasive, difficult to obtain Relatively small

Adipose tissue Relatively strong Moderate Minimally invasive, relatively
easy to obtain

Relatively small

Umbilical cord Strong Relatively strong Noninvasive, easy to obtain Relatively small

Abbreviation: MSC, mesenchymal stromal cell.
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efficacy in suppressing inflammation during RA
treatment.27,29

4 | LONG ‐TERM EFFICACY AND
SAFETY OF MSCS IN THE
TREATMENT OF RA

In RA patients who are intolerant or resistant to
conventional therapies or those with comorbidities,
MSCs offer a promising alternative due to their potent

immunomodulatory properties (Table 2,15,53–64 Figure 4).
In a phase I, uncontrolled, open‐label trial involving nine
RA patients with moderate disease activity, varying doses
of MSC transplantation (2.5 × 107, 5 × 107, and 1 × 108)
were administered. Four weeks post‐infusion, no signifi-
cant toxicities were observed across all groups, and
clinical parameters, such as erythrocyte sedimentation
rate (ESR) and 28‐joint disease activity score (DAS28)
showed improvement. Notably, serum levels of inflam-
matory cytokines IL‐1β, IL‐6, IL‐8, and TNF‐α significantly
decreased within 24 h after infusion of the highest dose

TABLE 2 Summary of treatments available for rheumatoid arthritis.

Drugs Mechanism of action Side effects References

Conventional synthetic DMARDs

Methotrexate Impairs purine and pyrimidine metabolism,
inhibits amino acid and polyamine synthesis

Skin cancer and gastrointestinal, infectious,
pulmonary and hematologic side effects, bone
marrow impairments

[53]

Leflunomide Inhibits dihydroorotate dehydrogenase enzyme
leading to inhibition de novo synthesis of
pyrimidine nucleotides

Dyspepsia, nausea, abdominal pain, and oral
ulceration

[54]

Sulfasalazine Suppresses the transcription of nuclear factor‐κB
responsive pro‐inflammatory genes, including
TNF‐α

Nausea, vomiting, anorexia, dyspepsia, male
infertility (reversible), headache, and skin rash

[55]

Hydroxychloroquine Increases pH within intracellular vacuoles and
alters processes such as protein degradation by
acidic hydrolases in the lysosome, assembly of
macromolecules in the endosomes and post‐
translation modification of proteins in the Golgi
apparatus

Retinal toxicity, neuromyotoxicity [56]

Biologic DMARDs

Etanercept,
Infliximab,
Adalimumab,
Golimumab,
Certolizumabpegol

Blocks the biological activity of TNF Infections, neurological diseases, development of
multiple sclerosis, and lymphomas

[15]

Anakinra Binds to IL‐1 receptors Opportunistic and latent infections [57]

Rituximab Anti‐CD20 monoclonal antibody Hypogammag‐lobulinemia, rarely serious
infectious events

[58]

Abatacept Contains the domain of cytotoxic T lymphocyte–
associated antigen 4, blocks interaction between
dendritic cells and T cells

Serious infections, increased risk of certain
malignancies

[59]

Tocilizumab Blocks IL‐6 receptor Serious infections, major adverse cardiovascular
events, cancers, diverticular perforations, hepatic
diseases

[60]

Secukinumab Primarily targets IL‐17A Nasopharyngitis or infections of the upper
respiratory tract, mild‐to‐moderate candidiasis

[61]

Brodalumab Prevents the nuclear factor kappa light chain
enhancer of activated B cells, IL‐6, IL‐8,
cyclooxygenase‐2, MMPs, and GM‐CSF

Nasopharyngitis, upper respiratory tract
infections, arthralgia, back pain, gastroenteritis,
influenza, oropharyngeal pain, sinusitis

[62]

Targeted synthetic DMARDs

Tofacitinib Blocks JAK1 and JAK3 Cardiovascular events, neutropenia and
lymphopenia, risk of infection (viral reactivation,
herpes virus reactivation, opportunistic
infections)

[63]

Baricitinib Inhibits JAK1/JAK2 Hyperlipidemia, viral reactivation, deep venous
thrombosis, and pulmonary embolism event

[64]

Abbreviations: DMARDs, disease‐modifying anti‐rheumatic drugs; GM‐CSF, granulocyte‐macrophage colony‐stimulating factor; IL, interleukin; JAK, Janus kinase;
MMPs, matrix metalloproteinases; TNF, tumor necrosis factor.
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(1 × 108 cells), indicating rapid control of inflammation.65

Another study evaluating allogeneic bone marrow‐
derived clonal MSCs in refractory RA patients reported
that monthly infusions over 24 weeks improved visual
analog scale scores in three of six patients, with two
achieving sustained pain relief and enhanced quality of
life. Four patients met the American College of Rheu-
matology (ACR) 20 criteria by Week 16. Clinical DASs and
inflammatory markers, such as C‐reactive protein (CRP)
and ESR were reduced, while serological analysis showed
increased IL‐10 and decreased pro‐inflammatory cyto-
kines TNF‐α and IL‐17 in five patients.66

These short‐term findings provide preliminary evidence
supporting MSC efficacy and establish a foundation for
long‐term studies. In longer‐term studies, Liu et al.67

assessed the safety and efficacy of human UC‐MSCs over
an 8‐month follow‐up in 172 active RA patients being
refractory to conventional therapy. Participants were
assigned to either DMARDs combined with UC‐MSC‐free
medium or DMARDs plus a single intravenous infusion
of 4 × 107 UC‐MSCs. Following treatment, serum levels of
TNF‐α and IL‐6 were reduced, while the proportion of
peripheral CD4+CD25+Foxp3+ Tregs increased. Based on
the ACR improvement criteria, DAS28, and health assess-
ment questionnaire (HAQ) scores, significant symptom
alleviation was found. The therapeutic effects persisted for
3 to 6 months without the need for continuous MSC
administration, with repeated infusions further enhancing
efficacy. Additionally, MSC therapy was well tolerated.67

Long‐term follow‐up studies are essential to evalu-
ate MSC therapy durability. Liu et al. 68 further ex-
amined 64 RA patients (aged 18–64 years) treated with
a single intravenous infusion of UC‐MSCs (2 × 107 cells/
20 mL) alongside individualized low‐dose DMARDs. At
1‐ and 3‐year posttreatment, routine blood tests, liver
and kidney function, and immunoglobulin levels
remained within normal ranges. Inflammatory mark-
ers, such as ESR, CRP, RF, and anti‐CCP antibodies,
were significantly reduced compared to baseline.
Functional assessments via HAQ and DAS28 also
showed sustained improvement. Table 367–70 summa-
rizes some of the long‐term clinical studies of MSC

F IGURE 4 Long‐term efficacy and safety of MSCs in the treatment
of rheumatoid arthritis. MSC, mesenchymal stromal cell.
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therapy for RA. A systematic review and meta‐analysis
of randomized controlled trials further corroborated
that MSCs significantly ameliorate joint space nar-
rowing and bone erosion in RA patients.71

MSCs inhibit T and B cell proliferation and activa-
tion, reduce pro‐inflammatory cytokine secretion,
modulate immune responses, and mitigate inflamma-
tion without causing excessive immunosuppression,
thereby avoiding complications, such as opportunistic
infections.72

5 | DISCUSSION

Overall, MSC therapy has emerged as a highly promising
and innovative approach for the treatment of RA, dem-
onstrating remarkable long‐term efficacy alongside a
favorable safety profile in both preclinical and clinical
settings. Clinical evidence accumulated over the past
decade indicates that MSC administration not only effec-
tively alleviates hallmark symptoms of RA—including joint
pain, swelling, and stiffness—in the short term but also
induces sustained and meaningful improvements in joint
function and overall disease activity over extended follow‐
up periods. These improvements are characterized by
reductions in key inflammatory biomarkers, such as ESR,
CRP, RF, and anti‐CCP antibody levels, which are strongly
correlated with decreased synovial inflammation and joint
destruction.

Moreover, MSC therapy contributes to the deceler-
ation of cartilage degradation and bone erosion, pro-
cesses that are pivotal in the progression of RA and often
lead to irreversible joint damage and disability. Notably,
some patients treated with MSCs have shown histolog-
ical and radiological evidence of joint tissue repair,
reflecting the unique regenerative capabilities of MSCs
through their differentiation potential and secretion of
growth factors, such as IGF‐1 and VEGF. This dual
ability to modulate immune responses and promote
tissue regeneration underscores MSCs' potential to
fundamentally alter the natural course of RA, offering
hope for not just symptom control but also structural
restoration.

Importantly, the safety profile of MSC therapy is well
established through multiple clinical trials involving
diverse patient populations, including those that are
refractory to conventional treatments. To date, no serious
adverse events directly attributable to MSC infusion have
been reported, and the incidence of complications, such
as infection, immune rejection, or aberrant cell differ-
entiation, remains minimal. Potential risks, including
immune reactions, uncontrolled differentiation, and
microbial contamination, are systematically mitigated
through rigorous cell quality control measures encom-
passing standardized protocols for cell isolation, culture
expansion, characterization, storage, and administration.
Furthermore, pretreatment strategies, such as cytokine
priming or genetic modification, have been employed to
enhance the immunomodulatory efficacy of MSCs while
maintaining safety. These efforts collectively ensure that
MSC‐based therapies meet the stringent regulatory
requirements necessary for broad clinical translation.

Genetic engineering of MSCs presents a promising
direction for enhancing their efficacy in RA treatment.
By modifying MSCs to express specific therapeutic
genes, such as cytokines or growth factors, their im-
munomodulatory and tissue‐regenerative properties can
be further optimized. For instance, genetic modification
of MSCs to overexpress IL‐10 or TGF‐β can enhance
their anti‐inflammatory effects and promote tissue
repair in RA patients. Additionally, MSCs can be en-
gineered to carry therapeutic genes that target the un-
derlying mechanisms of RA, such as those regulating
osteoclastogenesis and cartilage degradation. These
genetic modifications enable MSCs to better address the
multifaceted nature of RA pathology, improving clinical
outcomes. Biological delivery platforms are also being
developed to improve the targeted delivery and sus-
tained release of MSC‐based therapies. Nanoparticles,
hydrogels, and biomimetic scaffolds have been explored
as vehicles for MSC delivery, ensuring more efficient
migration to the inflamed joint and enhancing their
therapeutic effects. For example, nanoparticles can be
engineered to encapsulate MSCs or MSC‐derived exo-
somes, protecting them from immune clearance and
improving their homing to specific tissues. These
delivery systems can provide controlled release of
therapeutic factors, reducing the frequency of MSC
administration and improving long‐term efficacy.
Moreover, incorporating targeting ligands into these
delivery platforms can further enhance the specificity of
MSC therapy, ensuring that MSCs or their exosomes are
directed to sites of inflammation, thereby minimizing
off‐target effects and optimizing therapeutic outcomes.

Given their multifaceted mechanisms—
immunomodulation, anti‐inflammatory effects, pro-
motion of Tregs, suppression of autoreactive B cells,
and chemotactic migration to inflamed tissues—
MSCs represent an attractive therapeutic alternative
for patients with refractory RA, especially those who
have limited response or intolerance to current
pharmacological agents, such as DMARDs, biologics,
and small‐molecule inhibitors. The ability of MSCs to
restore immune tolerance without inducing gener-
alized immunosuppression reduces the risk of
opportunistic infections, a common complication of
traditional immunosuppressive therapies. Wang
et al.68 assessed the long‐term efficacy and safety of
UC‐MSCs along with DMARDs for the treatment of
RA, and they found that UC‐MSCs plus DMARD
therapy can be a safe, effective, and feasible thera-
peutic option for RA patients. Other scholars73

demonstrated that UC‐MSCs exhibited promising
efficacy and tolerability in RA patients and have
emerged as a notable alternative in the management
of RA. The pathogenesis of RA is related to disorders
of immune mechanisms and cytokines. UC‐MSCs are
widely available and have low immunogenic
responses, and the limitations, such as the lack of
traditional stem cell sources, allogeneic rejection,
and ethics, have been overcome.73

Despite the promising outcomes observed in recent
studies, MSC therapy is not without its limitations.
Clinical trials to date have frequently been characterized
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by small sample sizes, heterogeneous patient popula-
tions, and variability in the sources, dosages, and
administration protocols of MSCs. These factors com-
plicate direct comparisons across studies and limit the
broader applicability of the results. Furthermore, the
long‐term persistence, homing efficiency, and fate of
infused MSCs in inflamed joints remain incompletely
understood. In addition, the immunomodulatory effects
of MSCs may be influenced by factors, such as the stage
of the patient's disease, the microenvironmental con-
ditions in the joint, and prior treatments, all of which
contribute to variability in clinical responses. Although
the potential for unwanted differentiation or fibrosis is
rare under controlled conditions, it remains a concern
that necessitates ongoing vigilance. Biomanufacturing
obstacles also present a significant barrier to the wide-
spread clinical application of MSC therapies, particu-
larly in ensuring consistent cell quality, potency, and
scalability. Moreover, the development of cost‐
effectiveness analyses and the establishment of stan-
dardized regulatory frameworks are critical to promote
equitable access to, and reimbursement for, MSC‐based
treatments.

Looking ahead, ongoing and future research efforts
aim to refine MSC therapy by optimizing critical
parameters, such as dosage, frequency, and routes of
administration to maximize therapeutic efficacy and
minimize risks. Combination strategies integrating
MSCs with existing pharmacotherapies or novel agents
are under exploration to harness potential synergistic
effects. Advances in cell manufacturing technologies—
including the use of serum‐free culture systems, genetic
enhancement, and biomimetic delivery platforms—are
poised to improve MSC yield, potency, and consistency,
facilitating scalable production that meets clinical
demand.

Furthermore, a deeper understanding of MSCs' in-
teractions with the RA microenvironment and their
molecular mechanisms of action will enable the devel-
opment of predictive biomarkers for patient stratifica-
tion and treatment monitoring. These scientific and
technological advances are expected to lower treatment
costs, enhance accessibility, and accelerate regulatory
approval processes, thereby expanding the clinical
applicability of MSC therapy.

In conclusion, MSC therapy holds tremendous
promise as a transformative treatment modality for RA,
providing not only symptomatic relief but also the
potential for durable disease modification and tissue
regeneration. While challenges remain, ongoing inno-
vations and rigorous clinical research are steadily
addressing these limitations, paving the way for MSC‐
based interventions to become an integral component
of the therapeutic armamentarium against RA, provid-
ing renewed hope and improved quality of life for mil-
lions of patients worldwide.

AUTHOR CONTRIBUTIONS
Dr. Yingjia Chen conceptualized the overall framework
of this review, summarized the core arguments based on
systematic field research, and was responsible for
drafting and revising the entire manuscript as the

primary contributor. Lingyun Sun provided insightful
guidance and many key revision suggestions. Ruiyu Gao,
Xing Guo, Genhong Yao, Xiaojun Tang, and Yile E. Liu
contributed to literature collation and partial content
refinement.

ACKNOWLEDGMENTS
This study was supported by grants from the National
Natural Science Foundation of China, Grant/Award
Numbers: 82330055, U24A20380, 32430035, 32441097,
and 32141004; Shenzhen Medical Research Fund,
Grant/Award Numbers: B2402012 and C2404002; and
Beijing Natural Science Foundation, Grant/Award
Number: Z230014. This study was also supported by
research funds from Tsinghua University Spring Breeze
Fund, Center for Life Sciences, Institute for Immunology
at Tsinghua University, and Vanke School of Public
Health at Tsinghua University.

CONFLICT OF INTEREST STATEMENT
Lingyun Sun is a member of the Rheumatology &
Autoimmunity editorial board and is not involved in the
peer‐review process of this article. The remaining au-
thors declare no conflict of interest.

DATA AVAILABILITY STATEMENT
The data that support the findings of this study are
available on request from the corresponding author. The
data are not publicly available due to privacy or ethical
restrictions.

ETHICS STATEMENT
The authors have nothing to report.

ORCID
Yingjia Chen https://orcid.org/0009-0006-7071-7076

REFERENCES
1. Berman S, Bucher J, Koyfman A, Long BJ. Emergent complica-

tions of rheumatoid arthritis. J Emerg Med. 2018;55(5):647‐658.
doi:10.1016/j.jemermed.2018.07.030

2. Rawla P. Cardiac and vascular complications in rheumatoid
arthritis. Rheumatology. 2019;57(1):27‐36. doi:10.5114/reum.2019.
83236

3. Thakur S, Riyaz B, Patil A, Kaur A, Kapoor B, Mishra V. Novel
drug delivery systems for NSAIDs in management of rheumatoid
arthritis: an overview. Biomed Pharmacother. 2018;106:1011‐1023.
doi:10.1016/j.biopha.2018.07.027

4. Doumen M, Pazmino S, Bertrand D, Westhovens R,
Verschueren P. Glucocorticoids in rheumatoid arthritis: balanc-
ing benefits and harm by leveraging the therapeutic window of
opportunity. Joint Bone Spine. 2023;90(3):105491. doi:10.1016/j.
jbspin.2022.105491

5. Guo H, Li L, Liu B, et al. Inappropriate treatment response to
DMARDs: a pathway to difficult‐to‐treat rheumatoid arthritis. Int
Immunopharmacol. 2023;122:110655. doi:10.1016/j.intimp.2023.
110655

6. Takeuchi T. Treatment of rheumatoid arthritis with biological
agents — as a typical and common immune‐mediated inflam-
matory disease. Proc Jpn Acad Ser B Phys Biol Sci. 2017;93(8):
600‐608. doi:10.2183/pjab.93.038

7. Liu H, Li R, Liu T, Yang L, Yin G, Xie Q. Immunomodulatory
effects of mesenchymal stem cells and mesenchymal
stem cell‐derived extracellular vesicles in rheumatoid arthri-
tis. Front Immunol. 2020;11:1912. doi:10.3389/fimmu.2020.
01912

10 | CHEN ET AL.

https://orcid.org/0009-0006-7071-7076
https://doi.org/10.1016/j.jemermed.2018.07.030
https://doi.org/10.5114/reum.2019.83236
https://doi.org/10.5114/reum.2019.83236
https://doi.org/10.1016/j.biopha.2018.07.027
https://doi.org/10.1016/j.jbspin.2022.105491
https://doi.org/10.1016/j.jbspin.2022.105491
https://doi.org/10.1016/j.intimp.2023.110655
https://doi.org/10.1016/j.intimp.2023.110655
https://doi.org/10.2183/pjab.93.038
https://doi.org/10.3389/fimmu.2020.01912
https://doi.org/10.3389/fimmu.2020.01912


8. Zhang F, Jonsson AH, Nathan A, et al. Deconstruction of rheu-
matoid arthritis synovium defines inflammatory subtypes.
Nature. 2023;623(7987):616‐624. doi:10.1038/s41586-023-06708-y

9. Wu D, Luo Y, Li T, et al. Systemic complications of rheumatoid
arthritis: focus on pathogenesis and treatment. Front Immunol.
2022;13:1051082. doi:10.3389/fimmu.2022.1051082

10. Almutairi K, Nossent J, Preen D, Keen H, Inderjeeth C. The global
prevalence of rheumatoid arthritis: a meta‐analysis based on a
systematic review. Rheumatol Int. 2021;41(5):863‐877. doi:10.
1007/s00296-020-04731-0

11. Bo M, Jasemi S, Uras G, Erre GL, Passiu G, Sechi LA. Role of
infections in the pathogenesis of rheumatoid arthritis: focus on
mycobacteria. Microorganisms. 2020;8(10):1459. doi:10.3390/
microorganisms8101459

12. Mcinnes IB, Schett G. The pathogenesis of rheumatoid arthritis.
N Engl J Med . 2011;365(23):2205‐2219. doi:10.1056/
NEJMra1004965

13. Barnetche T, Constantin A, Cantagrel A, Cambon‐Thomsen A,
Gourraud PA. New classification of HLA‐DRB1alleles in rheu-
matoid arthritis susceptibility: a combined analysis of worldwide
samples. Arthritis Res Ther. 2008;10(1):R26. doi:10.1186/ar2379

14. Chang K, Yang S, Kim S, Han K, Park S, Shin J. Smoking and
rheumatoid arthritis. Int J Mol Sci. 2014;15(12):22279‐22295.
doi:10.3390/ijms151222279

15. Ma X, Xu S. TNF inhibitor therapy for rheumatoid arthritis.
Biomed Rep. 2013;1(2):177‐184. doi:10.3892/br.2012.42

16. Díaz‐González F, Hernández‐Hernández MV. Rheumatoid
arthritis. Med Clin (Barc). 2023;161(12):533‐542. doi:10.1016/j.
medcli.2023.07.014

17. d'Alessandro M, Perillo F, Metella Refini R, et al. Efficacy of
baricitinib In treating rheumatoid arthritis: modulatory effects on
fibrotic and inflammatory biomarkers in a real‐life setting. Int
Immunopharmacol. 2020;86:106748. doi:10.1016/j.intimp.2020.
106748

18. Zeng L, Liu C, Wu Y, et al. Efficacy and safety of mesenchymal
stromal cell transplantation in the treatment of autoimmune
and rheumatic immune diseases: a systematic review and
meta‐analysis of randomized controlled trials. Stem Cell Res
Ther. 2025;16(1):65. doi:10.1186/s13287-025-04184-x

19. Podestà MA, Remuzzi G, Casiraghi F. Mesenchymal stromal cell
therapy In solid organ transplantation. Front Immunol. 2021;
11:618243. doi:10.3389/fimmu.2020.618243

20. Di Nicola M, Carlo‐Stella C, Magni M, et al. Human bone marrow
stromal cells suppress T‐lymphocyte proliferation induced by
cellular or nonspecific mitogenic stimuli. Blood. 2002;99(10):
3838‐3843. doi:10.1182/blood.v99.10.3838

21. Zhang Z, Cui Y, Huang S, et al. Enhanced therapeutic effects of
apoptotic cell‐conditioned mesenchymal stem cells in lupus‐
prone MRL/lpr mice. Rheumatol Autoimmun. 2024;4:90‐98.
doi:10.1002/rai2.12122

22. Parlindungan F, Damanik J, Araminta AP, et al. Mesenchymal
stem cells transplantation as a potential therapy for refractory
lupus nephritis: a systematic review. Rheumatol Autoimmun.
2023;3:140‐148. doi:10.1002/rai2.12082

23. Huang Q, Yang Y, Luo C, et al. An efficient protocol to generate
placental chorionic plate‐derived mesenchymal stem cells with
superior proliferative and immunomodulatory properties. Stem
Cell Res Ther. 2019;10(1):301. doi:10.1186/s13287-019-1405-8

24. Pérez‐Ilzarbe M, Díez‐Campelo M, Aranda P, et al. Comparison
of ex vivo expansion culture conditions of mesenchymal stem
cells for human cell therapy. Transfusion. 2009;49(9):1901‐1910.
doi:10.1111/j.1537-2995.2009.02226.x

25. Sohn EJ, Moon HJ, Lim JK, Kim DS, Kim JH. Regulation of the
protein stability and transcriptional activity of OCT4 in stem cells.
Adv Biol Regul. 2021;79:100777. doi:10.1016/j.jbior.2020.100777

26. Ankrum JA, Ong JF, Karp JM. Mesenchymal stem cells: immune
evasive, not immune privileged. Nature Biotechnol. 2014;32(3):
252‐260. doi:10.1038/nbt.2816

27. Rawat S, Dadhwal V, Mohanty S. Dexamethasone priming en-
hances stemness and immunomodulatory property of tissue‐
specific human mesenchymal stem cells. BMC Dev Biol. 2021;
21(1):16. doi:10.1186/s12861-021-00246-4

28. Cosenza S, Toupet K, Maumus M, et al. Mesenchymal stem cells‐
derived exosomes are more immunosuppressive than

microparticles in inflammatory arthritis. Theranostics. 2018;8(5):
1399‐1410. doi:10.7150/thno.21072

29. He X, Yang Y, Yao M, et al. Combination of human umbilical cord
mesenchymal stem (stromal) cell transplantation with IFN‐γ
treatment synergistically improves the clinical outcomes of pa-
tients with rheumatoid arthritis. Ann Rheum Dis. 2020;79(10):
1298‐1304. doi:10.1136/annrheumdis-2020-217798

30. Zhong Y, Zhu Y, Hu X, et al. Human embryonic stem cell–derived
mesenchymal stromal cells suppress inflammation in mouse
models of rheumatoid arthritis and lung fibrosis by regulating
T‐cell function. Cytotherapy. 2024;26(8):930‐938. doi:10.1016/j.
jcyt.2024.03.008

31. Duffy MM, Ritter T, Ceredig R, Griffin MD. Mesenchymal stem
cell effects on T‐cell effector pathways. Stem Cell Res Ther. 2011;
2(4):34. doi:10.1186/scrt75

32. Castro‐Manrreza ME, Montesinos JJ. Immunoregulation by
mesenchymal stem cells: biological aspects and clinical appli-
cations. J Immunol Res. 2015;2015:394917. doi:10.1155/2015/
394917

33. Volkov M, Van Schie KA, Van Der Woude D. Autoantibodies and
B cells: the ABC of rheumatoid arthritis pathophysiology.
Immunol Rev. 2020;294(1):148‐163. doi:10.1111/imr.12829

34. Müller L, Tunger A, Wobus M, et al. Immunomodulatory prop-
erties of mesenchymal stromal cells: an update. Front Cell Dev
Biol. 2021;9:637725. doi:10.3389/fcell.2021.637725

35. Prockop DJ, Youn Oh J. Mesenchymal Stem/Stromal cells
(MSCs): role as guardians of inflammation. Mol Ther. 2012;20(1):
14‐20. doi:10.1038/mt.2011.211

36. Huang Y, Wu Q, Tam PKH. Immunomodulatory mechanisms of
mesenchymal stem cells and their potential clinical applications.
Int J Mol Sci. 2022;23(17):10023. doi:10.3390/ijms231710023

37. Hammaker DR, Boyle DL, Chabaud‐Riou M, Firestein GS. Reg-
ulation of c‐Jun N‐terminal kinase by MEKK‐2 and mitogen‐
activated protein kinase kinase kinases in rheumatoid arthritis.
J Immunol. 2004;172(3):1612‐1618. doi:10.4049/jimmunol.172.
3.1612

38. Nazemian V, Manaheji H, Sharifi AM, Zaringhalam J. Long term
treatment by mesenchymal stem cells conditioned medium
modulates cellular, molecular and behavioral aspects of
adjuvant‐induced arthritis. Cell Mol Biol. 2018;64(1):19‐26. doi:10.
14715/cmb/2018.64.2.5

39. Wang Y, Ma D, Wu Z, et al. Clinical application of mesenchymal
stem cells in rheumatic diseases. Stem Cell Res Ther. 2021;12(1):
567. doi:10.1186/s13287-021-02635-9

40. Ikeda Y, Sakaue M, Chijimatsu R, et al. IGF‐1 gene transfer to
human synovial MSCs promotes their chondrogenic differenti-
ation potential without induction of the hypertrophic pheno-
type. Stem Cells Int. 2017;2017:5804147. doi:10.1155/2017/
5804147

41. Hussain N, Mumtaz M, Adil M, et al. Investigation of VEGF (rs
699947) polymorphism in the progression of rheumatoid arthritis
(RA) and in‐silico nanoparticle drug delivery of potential phyto-
chemicals to cure RA. Acta Biochim Pol. 2023;70(3):591‐598.
doi:10.18388/abp.2020_6654

42. Li J, Chen H, Zhang D, Xie J, Zhou X. The role of stromal cell‐
derived factor 1 on cartilage development and disease.
Osteoarthritis Cartilage. 2021;29(3):313‐322. doi:10.1016/j.joca.
2020.10.010

43. Gan J, Zhang X, Chen G, Hao X, Zhao Y, Sun L. CXCR4‐expressing
mesenchymal stem cells derived nanovesicles for rheumatoid
arthritis treatment. Adv Healthcare Mater. 2024;13(9):e2303300.
doi:10.1002/adhm.202303300

44. Lopez‐Santalla M, Bueren JA, Garin MI. Mesenchymal stem/
stromal cell‐based therapy for the treatment of rheumatoid
arthritis: an update on preclinical studies. EBioMedicine. 2021;
69:103427. doi:10.1016/j.ebiom.2021.103427

45. Liu L, Wong CW, Han M, et al. Meta‐analysis of preclinical
studies of mesenchymal stromal cells to treat rheumatoid
arthritis. EBioMedicine. 2019;47:563‐577. doi:10.1016/j.ebiom.
2019.08.073

46. Park KH, Mun CH, Kang MI, Lee SW, Lee SK, Park YB. Treatment
of Collagen‐Induced arthritis using immune modulatory prop-
erties of human mesenchymal stem cells. Cell Transplant. 2016;
25(6):1057‐1072. doi:10.3727/096368915X687949

MESENCHYMAL STROMAL CELL THERAPY FOR RHEUMATOID ARTHRITIS | 11

https://doi.org/10.1038/s41586-023-06708-y
https://doi.org/10.3389/fimmu.2022.1051082
https://doi.org/10.1007/s00296-020-04731-0
https://doi.org/10.1007/s00296-020-04731-0
https://doi.org/10.3390/microorganisms8101459
https://doi.org/10.3390/microorganisms8101459
https://doi.org/10.1056/NEJMra1004965
https://doi.org/10.1056/NEJMra1004965
https://doi.org/10.1186/ar2379
https://doi.org/10.3390/ijms151222279
https://doi.org/10.3892/br.2012.42
https://doi.org/10.1016/j.medcli.2023.07.014
https://doi.org/10.1016/j.medcli.2023.07.014
https://doi.org/10.1016/j.intimp.2020.106748
https://doi.org/10.1016/j.intimp.2020.106748
https://doi.org/10.1186/s13287-025-04184-x
https://doi.org/10.3389/fimmu.2020.618243
https://doi.org/10.1182/blood.v99.10.3838
https://doi.org/10.1002/rai2.12122
https://doi.org/10.1002/rai2.12082
https://doi.org/10.1186/s13287-019-1405-8
https://doi.org/10.1111/j.1537-2995.2009.02226.x
https://doi.org/10.1016/j.jbior.2020.100777
https://doi.org/10.1038/nbt.2816
https://doi.org/10.1186/s12861-021-00246-4
https://doi.org/10.7150/thno.21072
https://doi.org/10.1136/annrheumdis-2020-217798
https://doi.org/10.1016/j.jcyt.2024.03.008
https://doi.org/10.1016/j.jcyt.2024.03.008
https://doi.org/10.1186/scrt75
https://doi.org/10.1155/2015/394917
https://doi.org/10.1155/2015/394917
https://doi.org/10.1111/imr.12829
https://doi.org/10.3389/fcell.2021.637725
https://doi.org/10.1038/mt.2011.211
https://doi.org/10.3390/ijms231710023
https://doi.org/10.4049/jimmunol.172.3.1612
https://doi.org/10.4049/jimmunol.172.3.1612
https://doi.org/10.14715/cmb/2018.64.2.5
https://doi.org/10.14715/cmb/2018.64.2.5
https://doi.org/10.1186/s13287-021-02635-9
https://doi.org/10.1155/2017/5804147
https://doi.org/10.1155/2017/5804147
https://doi.org/10.18388/abp.2020_6654
https://doi.org/10.1016/j.joca.2020.10.010
https://doi.org/10.1016/j.joca.2020.10.010
https://doi.org/10.1002/adhm.202303300
https://doi.org/10.1016/j.ebiom.2021.103427
https://doi.org/10.1016/j.ebiom.2019.08.073
https://doi.org/10.1016/j.ebiom.2019.08.073
https://doi.org/10.3727/096368915X687949


47. Jin H, Bae Y, Kim M, et al. Comparative analysis of human
mesenchymal stem cells from bone marrow, adipose tissue, and
umbilical cord blood as sources of cell therapy. Int J Mol Sci.
2013;14(9):17986‐18001. doi:10.3390/ijms140917986

48. Kim YS, Kim JY, Huh JW, Lee SW, Choi SJ, Oh YM. The thera-
peutic effects of optimal dose of mesenchymal stem cells in a
murine model of an elastase Induced‐Emphysema. Tuberc Respir
Dis. 2015;78(3):239‐245. doi:10.4046/trd.2015.78.3.239

49. Ercelen N, Karasu N, Kahyaoglu B, et al. Clinical experience:
outcomes of mesenchymal stem cell transplantation in five stroke
patients. Front Med. 2023;10:1051831. doi:10.3389/fmed.2023.
1051831

50. Eggenhofer E, Benseler V, Kroemer A, et al. Mesenchymal stem
cells are short‐lived and do not migrate beyond the lungs after
intravenous infusion. Front Immunol. 2012;3:297. doi:10.3389/
fimmu.2012.00297

51. González MA, Gonzalez‐Rey E, Rico L, Büscher D, Delgado M.
Treatment of experimental arthritis by inducing immune toler-
ance with human adipose‐derived mesenchymal stem cells.
Arthritis Rheum. 2009;60(4):1006‐1019. doi:10.1002/art.24405

52. Liu LN, Wang G, Hendricks K, et al. Comparison of drug and cell‐
based delivery: engineered adult mesenchymal stem cells ex-
pressing soluble tumor necrosis factor receptor II prevent
arthritis in mouse and rat animal models. Stem Cells Transl Med.
2013;2(5):362‐375. doi:10.5966/sctm.2012-0135

53. Solomon DH, Glynn RJ, Karlson EW, et al. Adverse effects of low‐
dose methotrexate: a randomized trial. Ann Intern Med. 2020;172:
369‐380. doi:10.7326/M19-3369

54. Shewaiter MA, Hammady TM, El‐Gindy A, Hammadi SH, Gad S.
Formulation and characterization of leflunomide/diclofenac
sodium microemulsion base‐gel for the transdermal treatment of
inflammatory joint diseases. J Drug Delivery Sci Technol. 2021;
61:102110. doi:10.1016/j.jddst.2020.102110

55. Choi J, Fenando A. Sulfasalazine. StatPearls. StatPearls Publish-
ing LLC; 2024.

56. Pers YM, Padern G. Revisiting the cardiovascular risk of hydro-
xychloroquine in RA. Nat Rev Rheumatol. 2020;16:671‐672. doi:10.
1038/s41584-020-00521-x

57. Ramírez J, Cañete JD. Anakinra for the treatment of rheumatoid
arthritis: a safety evaluation. Expert Opin Drug Saf. 2018;17:
727‐732. doi:10.1080/14740338.2018.1486819

58. Cohen MD, Keystone E. Rituximab for rheumatoid arthritis.
Rheumatol Ther. 2015;2:99‐111. doi:10.1007/s40744-015-0016-9

59. Blair HA, Deeks ED. Abatacept: a review in rheumatoid arthritis.
Drugs. 2017;77:1221‐1233. doi:10.1007/s40265-017-0775-4

60. Scott LJ. Tocilizumab: a review in rheumatoid arthritis. Drugs.
2017;77:1865‐1879. doi:10.1007/s40265-017-0829-7

61. Koenders M, Van Den Berg W. Secukinumab for rheumatology:
development and its potential place in therapy. DDDT. 2016;10:
2069‐2080. doi:10.2147/DDDT.S105263

62. Golbari NM, Basehore BM, Zito PM. Brodalumab. StatPearls.
StatPearls Publishing LLC; 2023.

63. Dhillon S. Tofacitinib: a review in rheumatoid arthritis. Drugs.
2017;77:1987‐2001. doi:10.1007/s40265-017-0835-9

64. Al‐Salama ZT, Scott LJ. Baricitinib: a review in rheumatoid
arthritis. Drugs. 2018;78:761‐772. doi:10.1007/s40265-018-0908-4

65. Park EH, Lim H, Lee S, et al. Intravenous infusion of umbilical
cord blood‐derived mesenchymal stem cells In rheumatoid
arthritis: a phase Ia clinical trial. Stem Cells Transl Med. 2018;7(9):
636‐642. doi:10.1002/sctm.18-0031

66. Jamshidi A, Beheshti Maal A, Alikhani M, et al. Allogeneic bone
marrow derived clonal mesenchymal stromal cells in refractory
rheumatoid arthritis: a pilot study. Regener Med. 2024;19(12):
599‐609. doi:10.1080/17460751.2024.2443352

67. Wang L, Wang L, Cong X, et al. Human umbilical cord mesen-
chymal stem cell therapy for patients with active rheumatoid
arthritis: safety and efficacy. Stem Cells Dev. 2013;22(24):
3192‐3202. doi:10.1089/scd.2013.0023

68. Wang L, Huang S, Li S, et al. Efficacy and safety of umbilical cord
mesenchymal stem cell therapy for rheumatoid arthritis patients:
a prospective phase I/II study. DDDT. 2019;13:4331‐4340. doi:10.
2147/DDDT.S225613

69. Ghoryani M, Shariati‐Sarabi Z, Tavakkol‐Afshari J, Ghasemi A,
Poursamimi J, Mohammadi M. Amelioration of clinical symptoms
of patients with refractory rheumatoid arthritis following treatment
with autologous bone marrow‐derived mesenchymal stem cells: A
successful clinical trial in Iran. Biomed Pharmacother. 2019;109:
1834‐1840. doi:10.1016/j.biopha.2018.11.056

70. Shadmanfar S, Labibzadeh N, Emadedin M, et al. 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. Cytotherapy. 2018;20:499‐506. doi:10.1016/j.jcyt.2017.
12.009

71. Zeng L, Yu G, Yang K, Xiang W, Li J, Chen H. Efficacy
and safety of mesenchymal stem cell transplantation in
the treatment of autoimmune diseases (rheumatoid
arthritis, systemic lupus erythematosus, inflammatory bowel
disease, multiple sclerosis, and ankylosing spondylitis): a
systematic review and meta‐analysis of randomized con-
trolled trial. Stem Cells Int. 2022;2022:9463314. doi:10.1155/
2022/9463314

72. Sarsenova M, Issabekova A, Abisheva S, Rutskaya‐Moroshan K,
Ogay V, Saparov A. Mesenchymal stem cell‐based therapy for
rheumatoid arthritis. Int J Mol Sci. 2021;22(21):11592. doi:10.
3390/ijms222111592

73. Lv X, Wang L, Zou X, Huang S. Umbilical cord mesenchymal
stem cell therapy for regenerative treatment of rheumatoid
arthritis: opportunities and challenges. DDDT. 2021;15:
3927‐3936. doi:10.2147/DDDT.S323107

How to cite this article: Chen Y, Gao R,
Guo X, et al. Mesenchymal stromal cell therapy
for rheumatoid arthritis: long‐term efficacy,
safety, and mechanistic insights.
Rheumatol Autoimmun. 2025;1‐13.
doi:10.1002/rai2.70032

12 | CHEN ET AL.

https://doi.org/10.3390/ijms140917986
https://doi.org/10.4046/trd.2015.78.3.239
https://doi.org/10.3389/fmed.2023.1051831
https://doi.org/10.3389/fmed.2023.1051831
https://doi.org/10.3389/fimmu.2012.00297
https://doi.org/10.3389/fimmu.2012.00297
https://doi.org/10.1002/art.24405
https://doi.org/10.5966/sctm.2012-0135
https://doi.org/10.7326/M19-3369
https://doi.org/10.1016/j.jddst.2020.102110
https://doi.org/10.1038/s41584-020-00521-x
https://doi.org/10.1038/s41584-020-00521-x
https://doi.org/10.1080/14740338.2018.1486819
https://doi.org/10.1007/s40744-015-0016-9
https://doi.org/10.1007/s40265-017-0775-4
https://doi.org/10.1007/s40265-017-0829-7
https://doi.org/10.2147/DDDT.S105263
https://doi.org/10.1007/s40265-017-0835-9
https://doi.org/10.1007/s40265-018-0908-4
https://doi.org/10.1002/sctm.18-0031
https://doi.org/10.1080/17460751.2024.2443352
https://doi.org/10.1089/scd.2013.0023
https://doi.org/10.2147/DDDT.S225613
https://doi.org/10.2147/DDDT.S225613
https://doi.org/10.1016/j.biopha.2018.11.056
https://doi.org/10.1016/j.jcyt.2017.12.009
https://doi.org/10.1016/j.jcyt.2017.12.009
https://doi.org/10.1155/2022/9463314
https://doi.org/10.1155/2022/9463314
https://doi.org/10.3390/ijms222111592
https://doi.org/10.3390/ijms222111592
https://doi.org/10.2147/DDDT.S323107
https://doi.org/10.1002/rai2.70032


GRAPHICAL ABSTRACT

This graphical abstract will be a part of HTML, Online and Print versions.

Graphical abstract summarizing the multifactorial pathogenesis of rheumatoid arthritis (RA) and the therapeutic
potential of mesenchymal stromal cell (MSC) therapy. MSCs provide promising benefits through their im-
munomodulatory properties, low immunogenicity, ability to promote tissue repair, and multi‐lineage differentiation,
presenting a potential alternative to conventional RA treatments. This review explores the long‐term efficacy, safety,
and mechanisms underlying MSC‐based strategies for improving RA management.
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