
R E V I E W

Umbilical Cord Mesenchymal Stem Cell Therapy 
for Regenerative Treatment of Rheumatoid 
Arthritis: Opportunities and Challenges

Xiaolan Lv1,* 
Liming Wang2,* 
XiaoRong Zou3 

Shigao Huang 4

1Department of Laboratory Medicine, 
Liuzhou Maternity and Child Healthcare 
Hospital, Liu Zhou, Guang Xi, People’s 
Republic of China; 2Shaanxi Jiuzhou 
Biomedical Science and Technology 
Group, Xi’an, Shaan Xi, People’s Republic 
of China; 3Department of Hematology, 
986 Hospital of Fourth Military Medical 
University, Xi’an, Shaan Xi, People’s 
Republic of China; 4Faculty of Health 
Sciences, University of Macau, Macau, 
People’s Republic of China  

*These authors contributed equally to 
this work  

Abstract: Rheumatoid arthritis (RA) is an autoimmune disease of unknown etiology with 
a high rate of disability. Traditional treatments for RA remain a challenging issue. For 
example, nonsteroidal anti-inflammatory drugs (NSAIDs) have no therapeutic effects on 
joint destruction, and the prominent side effects include gastrointestinal symptoms. RA is 
characterized by recurrence and bone attrition. Therefore, regenerative medicine and the use 
of umbilical cord mesenchymal stem cell (UC-MSC) therapies have recently emerged as 
potential options. UC-MSCs are multifunctional stem cells that are present in neonatal 
umbilical cord tissue and can differentiate into many kinds of cells, which have broad 
clinical application prospects in the tissue engineering of bone, cartilage, muscle, tendon, 
ligament, nerve, liver, endothelium, and myocardium. Moreover, UC-MSCs have advan-
tages, such as convenient collection of materials and no ethical disputes; thus, these cells 
have attracted increasing attention from researchers. However, there are few clinical studies 
regarding UC-MSC therapy for RA. In this paper, we will review traditional drugs for RA 
treatment and then focus on UC-MSC therapy for RA, including preclinical and clinical UC- 
MSC applications for RA patients in the context of regenerative medicine. Finally, we will 
summarize the challenges and perspectives of UC-MSCs as a potential therapeutic strategy 
for RA. This review will help to design and discover more potent and efficacious treatments 
for RA patients and aid in advancing this class of cell therapy. 
Keywords: cell-based therapies, rheumatoid arthritis, mesenchymal stem cells, umbilical 
cord, regenerative medicine

Introduction
Rheumatoid arthritis (RA) is a systemic, inflammatory autoimmune disease that 
mainly involves peripheral facet joint disease,1 which is the main pathological 
feature, as well as joint synovial cell proliferation, inflammatory cell infiltration, 
and pannus.2 To date, traditional RA treatment mainly involves reducing the 
symptomatic inflammatory reaction and sequelae;3 conventional treatment cannot 
satisfy the clinical requirement of achieving a curative effect.4 Therefore, exploring 
more effective and safer treatment options is increasingly important. Mesenchymal 
stem cells (MSCs) are derived from early-development mesoderm pluripotent stem 
cells and have a high degree of self-renewal and multidirectional differentiation 
potential; MSCs widely exist in a variety of human tissues and can be cultured 
in vitro. Under specific conditions, MSCs can differentiate into osteoblasts, nerve 
cells, adipose cells, muscle cells, and cardiomyocytes. These cells have great 
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application value in tissue engineering repair and in cell 
replacement therapy.5 First, MSCs can differentiate into 
bone and cartilage. Second, these cells also inhibit immu-
nity, alleviate inflammation, resist fibrosis, and promote 
vascular repair. Umbilical cord MSCs (UC-MSCs) are 
derived from human umbilical cord blood and have MSC 
characteristics and functions. Therefore, UC-MSCs offer 
the hope of a new treatment option for RA. In recent years, 
the use of UC-MSCs to treat rheumatic immune diseases 
has garnered increasing attention,6–9 and the promising 
results of preclinical studies suggest that UC-MSCs may 
be a therapeutic method for regenerative medicine.7,10,11 

However, there have been few studies regarding the effects 
of UC-MSCs on patients with RA who had recurrent 
symptoms after long-term treatment with regular agents 
in the clinic. However, there is still a pressing need for 
examining efficiency and safety considerations of UC- 
MSCs in clinical investigations. This review aims to sum-
marize the current preclinical experimental and clinical 
studies of RA treatment with UC-MSCs, examining the 
opportunities and challenges in research development 
progress.

Traditional Treatment Drugs for RA
According to the development time and principles, the 
current drugs for treating RA are divided into four genera-
tions: the first generation is nonsteroidal anti-inflammatory 

drugs (NSAIDs); the second generation is glucocorticoids; 
the third generation is disease-changing drugs (slow-acting 
antirheumatic drugs, SAARDs); and the fourth generation 
are early biologic agents dominated by tumor necrosis 
factor (TNF)-α inhibitors. The following are the descrip-
tions of the difficulties of these four drug types in RA 
treatment.

First, NSAIDs12 are the first-generation treatment for 
RA and represent drugs such as aspirin and diclofenac. 
These drugs inactivate cyclooxygenase (COX)-1 and 
COX-2 mainly through acetylation.13 NSAIDs have no 
therapeutic effect on joint destruction, and the prominent 
side effects are gastrointestinal symptoms. In recent years, 
newly marketed specific COX-2 inhibitors, such as melox-
icam and celecoxib, have not affected COX-L due to their 
specific inhibition of COX-2.14 Thus, this treatment can 
avoid the traditional gastrointestinal side effects of 
NSAIDs. Second, disease-modifying antirheumatic drugs 
(DMARDs)15 or SAARDs are third-generation therapies 
for RA. This class of drugs includes antimalarial drugs, 
gold preparations, and cytotoxic drugs. DMARDs mainly 
control the development of joint disease by reducing syno-
vial inflammation and even play a role in repair, but most 
of these agents have serious side effects, such as vomiting, 
skin rash, leukocyte reductions, and liver and kidney func-
tion damage. Third, glucocorticoids are the second- 
generation treatment for RA.16 The mechanism of action 
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is that glucocorticoids bind to glucocorticoid receptors and 
reach the nucleus, lowering the activity of nuclear factor 
kappa-light-chain-enhancer of activated B cells (NF-κB) 
and reducing the production of proinflammatory cytokines 
to effectively reduce inflammation. These drugs cannot 
block the progression of RA or joint destruction, and long- 
term use can induce side effects such as infection, cortical 
hyperfunction, osteoporosis and hypertension. However, 
small doses and short courses of treatment can reduce 
symptoms through anti-inflammatory and anticleric 
effects.

Finally, early biological agents, mainly TNF-α inhibi-
tors, are the fourth generation of drugs for the treatment of 
RA.17 Because of the advantages of high pharmacological 
selectivity and low toxicity and side effects, biologics will 
have wide application prospects. Among the biologics 
used for the treatment of RA, the most clinically studied 
are TNF-α inhibitors. Three TNF-α inhibitors, etanercept, 
infliximab and adalimumab, are currently approved for the 
treatment of RA.18 The most common adverse reactions 
are injection-site reactions and infection. Infliximab, 
developed by Centocor, is used for the treatment of 
patients with early RA,19 and the common adverse reac-
tions are infection and allergic reactions in some 
patients.20 Adalimumab, developed by Abbott, is the first 
human TNF antagonist and has adverse reactions such as 
nasopharyngitis and upper respiratory tract infection, and 
patients are prone to tuberculosis recurrence.14,21 In addi-
tion, compared with the use of methotrexate (MTX; 
30.9%), the risk of opportunistic infections and invasive 
melanoma increased by 50% in patients treated with TNF 
antagonists (40.1%) compared with those treated with 
TNF antagonists.22 These findings limit the wide applica-
tion of biological agents to some extent.

Advantages of UC-MSC Therapy for 
RA
MSCs are multipotent cells derived from the heart, periph-
eral blood, umbilical cord blood, muscle, lung, trabecular 
bone, intestinal tract, kidney, liver, pancreas, synovium, 
skin, and even the brain and can be a promising form of 
regenerative medicine.23 In recent years, MSCs have been 
widely used in the treatment of various diseases.24 In China, 
MSCs have been used to treat some clinically refractory 
diseases, such as spinal cord injury, cerebral palsy, amyo-
trophic lateral sclerosis, systemic lupus erythematosus, sys-
temic sclerosis, Crohn’s disease, stroke, diabetes, diabetic 

foot, and cirrhosis, among other conditions.25–27 Clinical 
practice shows that MSCs are effective treatments for 
many diseases, such cotransplantation with hematopoietic 
stem cells, the enhancement of hematopoietic function, and 
implantation with hematopoietic stem cell grafts to treat 
graft-versus-host disease (GVHD).24 In clinical research, 
the main types of MSCs are bone marrow-derived MSCs 
(BM-MSCs), adipose-derived mesenchymal stromal cells 
(AD-MSCs) and UC-MSCs.

RA is an inexorably progressive lung disease of 
unknown origin.28,29 The prognosis is poor, limited treat-
ment options are available, and the median survival 
remains just 3–5 years.30 Despite the use of pirfenidone 
and nintedanib for the treatment of RA, MSCs have poten-
tial as therapies for RA.3 In recent years, based on the 
biological characteristics of MSCs, much research has 
been done on the role of MSCs in autoimmune 
diseases.31 In particular, MSCs can reduce the incidence 
of such diseases, especially RA, can also reduce inflam-
mation after disease onset and can delay further disease 
development.32 MSCs have immunoregulatory roles, reg-
ulating the expression of cytokines by T cells, B cells, 
dendritic cells (DCs), and natural killer (NK) cells.33,34 

However, RA is mainly caused by autoimmune disease 
mediated by T cells and involves B cells, cytokines, apop-
tosis, proteases, and other factors.35 Therefore, the use of 
MSCs to intervene in the pathological basis of RA- 
mediated inflammation has become a feasible method. 
Nearly 100 studies have been conducted to establish 
experimental models for MSC treatment of RA. In most 
experimental models, the efficacy of MSC treatment was 
demonstrated by significantly reducing the induction and 
progression of experimental arthritis. The most widely 
used model is the collagen-induced arthritis (CIA) 
model.36 These promising models pave the way for MSC 
treatment of human RA disease. Currently, nine clinical 
trials are active, and as a consequence, the clinical data are 
not publicly available, although the MSCs are known to 
have included 50% UC-MSCs, 25% AD-MSCs, and 25% 
BM-MSCs.9

Compared with BM-MSCs and AD-MSCs, UC-MSCs 
have the following advantages: cell surface expression of 
major histocompatibility complex I (MHC I) is lower, and 
MHCII is not expressed, so UC-MSCs seldom cause 
immune rejection. Additionally, the growth environment 
of UC-MSCs more pure than that of other MSCs, these 
cells have stronger abilities to proliferate and differentiate 
and are easy to culture in vitro. Furthermore, UC-MSCs 

Drug Design, Development and Therapy 2021:15                                                                             https://doi.org/10.2147/DDDT.S323107                                                                                                                                                                                                                       

DovePress                                                                                                                       
3929

Dovepress                                                                                                                                                                Lv et al

Powered by TCPDF (www.tcpdf.org)Powered by TCPDF (www.tcpdf.org)

https://www.dovepress.com
https://www.dovepress.com


are conveniently derived from umbilical cords, so there are 
fewer ethical issues, and they do not easily transmit 
disease.37

Preclinical Experiments
Regulation of the Immune Response
UC-MSCs mediate the differentiation, proliferation, and 
activation of T cell subsets in various ways and inhibit 
B cell proliferation and differentiation, as well as the 
maturation of DCs and NK cell activity to achieve various 
immunomodulatory effects.6 Therefore, UC-MSCs may be 
a feasible method to intervene in the pathological basis of 
RA-associated inflammation. Recent studies on the treat-
ment of RA suggest that UC-MSCs suppress the various 
inflammatory effects of fibroblast-like synoviocytes 
(FLSs) and T cells in vitro and attenuate the development 
of CIA in vivo.38 MSCs have low immunogenicity and 
express MHC-I molecules but not MHC-II molecules and 
costimulatory molecules such as B7-1, B7-2, CD40, 
CD40, and Fas ligand. MSCs are not restricted by MHC 
molecules, so they play an immunomodulatory role in -
vivo.39 Researchers40 have demonstrated that UC-MSCs 
have an immunomodulatory effect on allogeneic 
T lymphocytes and can inhibit the proliferation and 
changes in T lymphocytes stimulated by other cell subsets 
and cytokines secreted by T cells in the context of immune 
responses. The effects of UC-MSCs on the immune reg-
ulation of Th17 cells in RA patients have been reported by 
Wang et al.41 The results showed that UC-MSCs could 
significantly reduce the numbers of Th17 cells and the 
expression of cytokines and reduce the expression of 
ROR-γt and serum levels IL-17, and there was a good 
correlation with the dose. UC-MSCs were observed 
in vitro in a mixed cell culture with peripheral blood 
mononuclear cells (PBMCs) from RA patients. In vitro, 
the Th17 level was downregulated in the highly active 
group, but no similar regulation was observed in the nor-
mal and mildly active groups, suggesting that the immu-
noregulatory effect of UC-MSCs on Th17 cells may be 
regulated by other factors. Gu et al,42 concluded that UC- 
MSCs could increase the peripheral blood Treg proportion 
in CIA rats and inhibit secretion by Th17 cells and the 
activity of neutrophils. UC-MSCs can also decrease the 
release of proinflammatory factors and induce immune 
reconstruction, in addition to reducing the immune inflam-
matory reaction. Therefore, UC-MSCs may provide a new 
way to treat RA. Another intriguing feature of MSCs is 

that they can escape immune recognition and inhibit 
immune responses and could become a potential tool for 
immunomodulatory cell therapy in immune-mediated 
diseases.43

Injury Repair
UC-MSCs have strong proliferative abilities and multidir-
ectional properties and can differentiate into adult cells 
in vivo or in vitro under appropriate environments.44 UC- 
MSCs have the capacity for tissue repair and regeneration. 
UC-MSCs secrete a range of growth factors, such as 
hepatocyte growth factor (HGF), vascular endothelial 
growth factor (VEGF), stromal cell-derived factor-1 
(SDF-1), keratinocyte growth factor (KGF), fibroblast 
growth factor (FGF), and insulin-like growth factor-1 
(IGF-1), to facilitate proliferation and tissue damage 
repair.45,46 MSCs have the potential to be pluripotent and 
capable of giving rise to a variety of cell types. The 
properties of various factors, growth factors, and extracel-
lular vesicles can be transmitted.47 NF-κB and other cel-
lular signaling pathways can be affected to treat diseases.48 

After intravenous injection, UC-MSCs can differentiate 
into alveolar epithelial cells and pulmonary vascular 
endothelial cells.49 Additionally, UC-MSCs can play 
a role in injury repair. There is evidence that angiopoie-
tin-1 (ANG-1) and angiopoietin-2 (ANG-2) are secreted 
with KGF to repair damage. MSCs have homing abilities, 
can migrate to injured sites, and can differentiate into local 
components of injured sites and help tissue regeneration 
by secreting chemokines, cytokines, and growth factors45. 

Hence, UC-MSCs can be widely used in articular cartilage 
repair.

Reduction in the Inflammatory Response
UC-MSCs play a role in inflammation at the site of injury 
to mitigate the inflammatory response. Active migration to 
the injured site for repair is called the “return” of the 
MSCs’ “nest function,” and a strong tendency has been 
demonstrated in animal experiments in vivo under various 
microenvironmental conditions.50,51 Researchers have 
explored how the immunomodulatory effects of nodules 
are mediated by UC-MSCs in vitro.52–55 UC-MSCs can 
express a variety of MSC markers and a variety of stem 
cell-related genes, are cells with the potential for multi-
directional differentiation, and have low immunogenicity, 
which may be due to the low level of MHC-I antigens and 
no expression of MHC-II antigens or FasL. The effects of 
these cells are not related to the expression of 
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costimulatory molecules associated with T cell 
activation.56 UC-MSCs significantly reduce inflammation 
by extensively downregulating inflammatory products or 
cytotoxic mediators that act on immune cells and increase 
the level of the anti-inflammatory cytokine IL-10.57 In 
addition to suppressing the immune response, UC-MSCs 
induce the production of IL-10-secreting regulatory T cells 
(Tregs) during local inflammation. Il-10, a characteristic 
Treg cytokine, plays an important role in controlling auto-
antigen-responsive T cells in vivo, and these Tregs inhibit 
the effects of effector T cells on antigens. UC-MSCs 
extensively reduce cytokines and chemokines and directly 
activate macrophages.58

Greish et al59 used UC-MSCs to treat an RA rat model 
induced with complete Freund’s adjuvant (CFA), and the 
results showed that the group of rats that received hema-
topoietic stem cells (HSCs) and the group of rats that 
received UC-MSCs both showed improvements in arthritis 
symptoms after 21 days of treatment, and arthritis symp-
toms completely disappeared after 34 days. The mean 
diameter in the UC-MSC group was only half that of the 
control group and of the MTX group, and that of the UC- 
MSC group was 0.6 mm smaller than that of the HSC 
group. Serum levels of TNF-α, IFN-γ, and IL-1 in the UC- 
MSC group were significantly decreased compared with 
those of the control group and the MTX group, while the 
expression of IL-10 was increased. Hematoxylin-eosin 
(HE) staining showed that UC-MSCs could significantly 
reduce leukocyte infiltration and synovial tissue hyperpla-
sia in the articular cavity. Masson staining showed edema 
in the intrasynovial vessels in almost all arthritic rats, with 
vacuoles forming in the vessel walls, ultimately leading to 
hemorrhagic necrosis. Additionally, the UC-MSC group 
also showed a reduction in extensive fibrosis of the joint 
space, which verified that UC-MSCs could improve the 
symptoms of CFA-induced RA, and the mechanism of 
action may be through regulating the expression of cyto-
kines and improving pathological changes.

Clinical Research
At present, many universities, medical institutions, scien-
tific research institutions, and enterprises have launched 
dozens of MSC treatments for RA disease. Related clinical 
studies are proceeding. By July 2020, according to 
ClinicalTrials.gov, an international clinical trial registry, 
multiple clinical trials of UC-MSCs for the treatment of 
RA have been recorded. There have been as many as six 
application cases, which have been organized by domestic 

units and Korean affiliates, using UC-MSCs either alone 
or combined with DMARDs. The interventions, outcomes, 
measures, and study designs were analyzed. Information 
on the clinical trial Phase Is shown in Table 1. Domestic 
research is mostly included. There was one clinical trial 
abroad with applicants from Korea (NCT03618784). The 
study designs were similar to the domestic studies, and the 
evaluation included erythrocyte sedimentation rate (ESR), 
Korean Health Assessment Questionnaire (KHAQ), clin-
ical disease activity index (CDAI), 100 mm pain VAS and 
changes in cytokines.

In most clinical studies, UC-MSCs extensively reduced 
cytokines and chemokines and directly activated 
macrophages.8 The pathogenesis of RA and its immune 
mechanisms are related to cytokine disorders. UC-MSCs 
are widely available, and their immune rejection is low. 
Based on preclinical studies, UC-MSCs have very good 
immune regulation and are able to repair tissue damage. 
Therefore, the clinical application of cell therapy for RA 
has achieved a certain effect. Many National Clinical 
Trials (NCTs) registered on ClinicalTrials.gov are shown 
in Table 1. Most of the studies are from China, and only 
two FURESTEM-RA Inj trials are from Korea, the latter 
of which evaluated general indices such as ACR20/50/70, 
EULAR, DAS28-ESR, and KHAQ and detected changes 
in cytokines (TNF-α, IL-1β, IL-4, IL-6, IL-8, IL-10, IL-13, 
IL-17A, IL-21, and IL-22).60 In South Korea, 
a multicenter randomized double-blind parallel placebo- 
controlled phase I/IIa RA clinical trial (NCT03618784) 
administered allogeneic UC-MSCs (named FURESTEM- 
RA Inj) to 33 RA patients. Clinical and safety parameters 
were monitored for one month following the infusion of 
UC-MSCs. No serious adverse events or major abnormal-
ities in serum chemical or hematologic profiles were 
observed. Early clinical studies of the use of UC-MSCs 
in RA patients have shown promising safety profiles and 
could significantly improve symptoms and repair damaged 
tissue.7,61 Phase 1 clinical trials have been conducted to 
evaluate the safety of UC-MSC therapy.

Our previous study was registered at ClinicalTrials.gov 
(NCT01547091),8 in which UC-MSCs were intravenously 
injected into RA patients. A total of 172 patients were 
divided into two groups: those who received DMARDs or 
those who received DMARDs plus UC-MSCs (4×107 cells 
per treatment). Diet, sleep, physical strength, fatigue, and 
other clinical symptoms were examined, and significant 
improvements were observed. For the UC-MSC treatment 
group, all patients met the ACR20 standard. Twelve 
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patients met the ACR70 criteria, and the DAS 28 score 
was less than 2.6. The levels of complement C3 and C4, 
routine blood tests, liver and kidney function, and serum 
immunoglobulin levels showed no significant changes 
before and after treatment. No serious adverse effects 

occurred during the treatment period, and so UC-MSCs 
were considered to exhibit immune regulation, prevent the 
release of inflammatory mediators, reduce soft tissue 
injury and play a role in other important effects that 
could alleviate clinical RA symptoms. Thus, safety has 

Table 1 Clinical Trial of Umbilical Cord Mesenchymal Stem Cells Therapy of RA from ClinicalTrials.gov

NCT 
Number

Interventions Outcome Measures Age Phases Enrollment Study Designs

NCT02643823 hUC-MSC 

+DMARDs; 

DMARDs

SAE; RA Serology; DAS 28 Index 18–80 Phase 1 40 Allocation: Randomized 

Intervention Model: Parallel 

Assignment 
Masking: None (Open Label) 

Primary Purpose: Treatment

NCT01985464 hUC-MSC AE;28-DAS; EULAR; QOL; HAQ; 

at months 3 and 12 of CRP; ESR 

anti-CAM; RF; EULAR

≥18 Phase 1| 

Phase 2

20 Allocation: N/A 

Intervention Model: Single Group 

Assignment 
Masking: None (Open Label) 

Primary Purpose: Treatment

NCT01547091 UC-MSCs; 

DMARDs; 
UCMSC 

+DMARDs

Safety of MSC treatment; RA 

Serology; DAS 28 Index; Patient’s 
assessment of pain.

18–70 Phase 1| 

Phase 2

200 Allocation: Non-Randomized 

Intervention Model: Single Group 
Assignment 

Masking: None (Open Label) 

Primary Purpose: Treatment

NCT03828344 hUC-MSC; 

Placebo

Frequency of AE; SAE 

All following indexes at Week 12 
and Week 24:ACR20; ACR50; 

ACR70; DAS28-CRP; HAQ-DI 

score; SDAI; RF; anti-CCP

18–70 Phase 1 16 Allocation: Randomized 

Intervention Model: Parallel 
Assignment 

Masking: Quadruple (Participant, 

Care Provider, Investigator, 
Outcomes Assessor) 

Primary Purpose: Treatment

NCT03798028 UC-MSCs BT; HGB; FVC; DLCO; ACR 20; 

ACR 50; ACR 70; WBC; PC; FVC 

DLCO; Lung CT; 6MWT

18–70 Not 

Applicable

250 Allocation: Randomized 

Intervention Model: Parallel 

Assignment 
Masking: Single (Participant) 

Primary Purpose: Treatment

NCT03618784 FURESTEM-RA 

Inj; Sterile 

saline

AE; ACR20,50,70; EULAR; 

DAS28-ESR; KHAQ; CDAI; 

100mm Pain VAS; consumed 
amount of rescue medicine; 

Change in Cytokine (TNF-a, IL- 

1b, IL-4, IL-6, IL-8, IL-10, IL-13, 
IL-17A, IL-21, IL-22)

19–80 Phase 1| 

Phase 2

33 Allocation: Randomized 

Intervention Model: Parallel 

Assignment 
Masking: Quadruple (Participant, 

Care Provider, Investigator, 

Outcomes Assessor) 
Primary Purpose: Treatment

Notes: Placebo, same suspension as BX-U001 but without cells. NCT Number was identified by ClinicalTrials.gov Identifier in Medline. 
Abbreviations: UC-MSCs, umbilical cord derived mesenchymal stem cells; DAS 28, Disease Activity Score 28 joint; AE, adverse events; ESR, erythrocyte sedimentation 
rate; RF rheumatoid factor; DMARDs, drug rheumatoid arthritis with disease-modifying drugs; SAE, serious adverse events; DAS28-CRP, disease activity score 28-joint count 
using C reactive protein; HAQ-DI, health assessment questionnaire disability index; SDAI, Simplified Disease Activity Index; anti-CCP, anti-cyclic citrullinated peptide; HGB, 
hemoglobin; FVC, forced vital capacity; ACR, American College of Rheumatology; EULAR, European League Against Rheumatism; KHAQ, Korean Health Assessment 
Questionnaire; CDAI, clinical disease activity index; VAS, visual analogue scale; QOL, quality of life measure; CRC, reactive protein; anti-CAM, anti-citrulline antibody 
measure; BT, blood routine; DLCO, diffusing lung capacity for carbon monoxide; 6MWT, six-minute walk test; WBC, white blood cell count; PC, platelet count; IL, 
interleukin; FURESTEM-RA Inj, the allogeneic umbilical cord blood-derived mesenchymal stem cells.
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been demonstrated for the clinical treatment of RA. 
Additionally, we conducted prospective phase I/II studies 
in 10 juvenile idiopathic arthritis (JIA) children56 less than 
17 years of age and 64 RA patients7 aged 18 to 64 years. 
The patients were treated with a 40 mL of a UC-MSC 
suspension product (2 × 107 cells/20 mL) via intravenous 
injection. The ESR, C reactive protein (CRP) levels, and 
rheumatoid factor (RF) levels at 1 year and 3 years after 
treatment and anti-CCP at 3 years after treatment were 
significantly lower than those pretreatment (P < 0.05). 
One year and three years after treatment, The HAQ and 
DAS28 decreased in comparison to the pretreatment levels 
(P < 0.05). Overall, UC-MSC therapy can be a safe, effec-
tive, and feasible therapeutic option for RA patients. Liu 
and colleague showed that UC-MSCs have therapeutic 
potential in the treatment of RA. The results showed that 
UC-MSCs suppressed the various inflammatory effects of 
FLSs and T cells. In addition, the immunosuppressive 
activity of UC-MSCs could be prolonged by the participa-
tion of Tregs.

Challenges and Perspectives
Umbilical cord blood and tissue are ideal sources of MSCs 
because they can be obtained by noninvasive means more 
easily than from bone marrow.60 These cells have a lower 
relative risk of viral contamination and can be cryopre-
served for autologous transplantation. However, the suc-
cess rate of cultured MSCs from umbilical cord blood is 
not high, with one study suggesting only 6%, while the 
success rate of cultured MSCs from umbilical cord blood 
can reach 100%. Therefore, in recent years, the umbilical 
cord has become an important source of MSCs. Although 
the physiological characteristics and mechanisms of action 
of MSCs have been deeply studied, there are still many 
challenges to be solved in the treatment of RA. At present, 
there is no unified plan for stem cell transplantation to treat 
this disease, such as pretransplantation medication, trans-
planted cell numbers, and the optimal timing of treatments. 
The safety of the treatment and the suitable population still 
need long-term follow-up.

Genetic stability is affected by donors, tissue sources, 
and culture conditions during amplification, storage con-
ditions, and the time of passage.62,63 Stultz et al,64 exam-
ined the chromosomal stability of BM-MSCs from 
different donors and algebraically analyzed the results. 
The results showed that there were more abnormal karyo-
types in the third generation than in the 5th and 7th gen-
erations, and the abnormal karyotypes gradually decreased 

with increasing generations through genetic modeling of 
inheritance. According to different donor ages in the 
elderly and young groups, the algebraic model showed 
that donors from the elderly group were characterized 
mainly by chromosome translocation, while donors from 
the young group were characterized by aneuploidy, but in 
both the elderly group and the young group, there were no 
significant differences in chromosomes; chromosomal 
abnormality occurred mainly in the early stages of the 
algebraic model, and with more passage times, there 
were more mature and stable the chromosomes. Duarte 
and colleagues65 compared pre- and post cryopreservation 
of the human umbilical vein to assess the influence of 
chromosome status on MSCs and found that nonclone 
chromosome aberration was detected after frozen storage 
in liquid nitrogen, and the three short arms of 
a chromosome were inverted when the cells were stored 
for two months.

At present, the MSCs used to study regeneration tech-
nology mainly include BM-MSCs and UC-MSCs.7,10,50 

Cord blood is from the umbilical cord near the fetal side 
of the placenta. This blood is rich in stem cells and 
progenitor cells and has the potential for multidirectional 
differentiation. There is no ethical problem in treatments 
with cord blood stem cells. China is a populous country 
with abundant availability of umbilical cord blood. Due to 
the lack of understanding and a scientific research plat-
form, the development of umbilical cord blood has been 
neglected. BM-MSCs have more sufficient sources and are 
more convenient to collect than other types of MSCs and 
do not express MHC II molecules, so they cannot identify 
various antigenic mechanisms. Due to a lack of immune 
activation in two common stimulatory signal transduction 
pathways and immune tolerance, the incidence of GVHD 
is low.66 There are also primitive cells, such as endothelial 
progenitor cells, in umbilical cord blood, which are bene-
ficial to vascular reconstruction and to improving blood 
supply at the site of injuries, as such cells play an auxiliary 
role in repair. Compared with BM-MSCs, UC-MSCs are 
more primitive and have stronger amplification abilities. 
The application of UC-MSCs does not involve ethical 
issues, and obtaining umbilical cord blood from newborns 
does not cause any harm to newborns. Because umbilical 
cord blood is protected by the placental barrier, it is less 
likely to cause viral infections during transplantation than 
bone marrow transplantation. Moreover, cord blood stem 
cells are extremely pure. Cord blood is easy to obtain and 
is an available resource. UC-MSC therapy involves no 
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ethical issues and no tissue antigenicity and has a simple 
transplantation route, obvious and reliable efficacy, and no 
adverse side effects. UC-MSCs can promote the direc-
tional activation of stem cells and accelerate nerve func-
tion repair.

A large number of studies have confirmed that UC- 
MSCs play a role in RA disease, but their mechanism 
remains unclear. There are challenges in the use of UC- 
MSC therapy in clinical trials. For example, a multiple 
center randomized controlled trial (RCT) needs to be per-
formed; a large sample size and clinical trials need to be 
constructed to verify the therapeutic effect; there is no 
unified standard for the optimal dose, optimal time, treat-
ment frequency, approach, treatment conditions and indi-
cations of UC-MSC therapy for RA; and whether there 
will be other potential side effects is a problem that needs 
to be observed and solved in future research. In summary, 
UC-MSCs are studied not only in the laboratory but also in 
the clinic. All studies showed excellent efficacy, especially 
those utilizing UC-MSCs, which are a potential feasible 
method of RA treatment.

Conclusion
UC-MSCs show good efficacy and tolerability in RA 
patients and have emerged as a promising 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 tradi-
tional stem cell sources, allogeneic rejection, and ethics, 
have been overcome. As UC-MSCs have achieved 
a certain efficacy and few side effects in clinical practice, 
they are worthy of further large-sample RCTs for future 
evaluation.
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