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Abstract. A single injection of low‑dose human umbilical 
cord‑derived mesenchymal stem cells (UC‑MSCs) has been 
previously demonstrated to relieve synovitis and bone erosion 
in animal models of arthritis, but whether frequent injections 
of high‑dose UC‑MSCs relieve arthritis and inhibit loss of 
muscle mass has remained elusive. In the present study, DBA/1 
mice were randomly divided into three groups: Normal 
(wild‑type mice; n=11), collagen‑induced arthritis (CIA; n=12) 
and CIA treated with UC‑MSCs (n=11; 5x106 UC‑MSCs per 
week for 3 weeks). Arthritis and skeletal muscle cachexia 
were evaluated until the end of the experiment on day 84. It 
was indicated that both the CIA and UC‑MSC groups had 
lower body weights compared with the normal mice. Clinical 
arthritis scores, hind ankle diameters, synovitis and bone 
erosion progressively increased and were similar between 
the CIA and UC‑MSC groups. Although there was no differ‑
ence in food intake among the three groups, the normalized 
food intake of normal group was significantly higher than 
CIA group and UC‑MSC group from day 42 onwards; there 

was no significance on day 77 but this could be neglected. 
Furthermore, gastrocnemius muscle weight in the UC‑MSC 
group was significantly reduced compared with that in the 
CIA and normal groups. The UC‑MSC group had higher 
levels of proinflammatory cytokines, such as TNF‑α, IL‑6 
and IL‑1β than those in the CIA group. However, the other 
cytokines assessed and the fibrosis indices in the CIA and 
UC‑MSC groups were not different from those in the control 
group and there was no inflammatory cell infiltration. Thus, 
frequent injections of high‑dose UC‑MSCs slightly aggravated 
synovitis and muscle cachexia in the murine CIA model and 
should therefore be avoided in the treatment of arthritis.

Introduction

Rheumatoid arthritis (RA) is an immune‑mediated systemic 
inflammatory disease of unknown etiology, characterized 
by polyarticular synovial inflammation and bone erosion (1). 
Besides arthritis symptoms and other complications, 17‑60% 
of patients with RA experience rheumatoid cachexia  (2). 
Cachexia is a serious complication of RA and other chronic 
illnesses, such as diabetes, cancer and heart failure (3). However, 
RA‑related musculoskeletal alterations are frequently over‑
looked, despite their contributions to the physical disability and 
reduced mobility and quality of life of patients (4). Arthritis 
and rheumatoid cachexia may be modeled in collagen‑induced 
arthritis (CIA) mouse models, which provides the possibility 
of studying the disease (5).

Although the outcomes of numerous patients with RA have 
been significantly improved by the wide use of conventional 
synthetic disease‑modifying antirheumatic drugs (DMARDs), 
biological DMARDs and targeted synthetic DMARDs, 
a considerable proportion of patients with RA remain in 
non‑remission or experience side effects from the drugs, which 
is mainly due to the incomplete understanding of the etiology 
and drug intolerance (6). Thus, advancing the understanding 
of RA to identify novel therapeutic strategies is critical for 
improving the efficacy of current treatments.
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Stem cell‑based therapy has emerged as a promising 
approach to treat arthritic diseases. It was previously reported 
that transplantation of adult stem cells, such as bone marrow 
stem cells, adipose mesenchymal stem cells (MSCs) or umbil‑
ical cord‑derived MSCs (UC‑MSCs) into the blood was able 
to ameliorate synovitis and bone erosion in animal models of 
arthritis (7). Accumulating evidence has indicated the thera‑
peutic potential of UC‑MSCs in animal models of arthritis and 
clinical trials (8). These effects are systemic and integrated, 
suggesting that UC‑MSCs may be a preferred resource to 
systematically improve synovitis and bone erosion. Compared 
with other types of stem cell, UC‑MSCs are able to secrete a 
wide range of multifunctional factors and have been demon‑
strated to possess systemic immunoregulatory properties (9). 
Therefore, UC‑MSCs may be considered more promising for 
clinical application compared with other types of stem cell.

However, there are certain emerging limitations that cannot 
be ignored. For instance, the therapeutic doses and frequencies 
remain critical issues that require to be determined (10,11). 
Furthermore, whether frequent injections of high‑dose 
UC‑MSCs cause enhanced efficacy or aggravated adverse 
effects has remained elusive. In addition, muscle atrophy 
in patients with RA has received little attention in previous 
studies. Whether doses and frequencies of UC‑MSC injections 
that differ from those applied previously are a more favorable 
choice for treating arthritis and cachexia also requires further 
research. Therefore, the present study aimed to investigate the 
effects of UC‑MSCs on the joints and muscles of mice with 
CIA when administered frequently at high doses, hoping that 
the results provide novel insight into the therapeutic efficacy of 
UC‑MSCs in RA‑related muscle cachexia.

Materials and methods

Preparation of UC‑MSCs. The UC was obtained from 
a 25‑year‑old healthy mother from March 28, 2019 at 
Henan Provincial People's Hospital (Zhengzhou, China) 
after cesarean deliveries. Written informed consent was 
obtained from the donor several weeks prior to delivery. The 
UC‑MSCs were cultured, purified and identified as previ‑
ously described (12). The viability of UC‑MSCs digested by 
0.2% Type I collagenase (cat. no. 17100017; Gibco; Thermo 
Fisher Scientific, Inc.) was >95% (as assessed via trypan blue 
staining) and all cultures were negative for pathogenic micro‑
organisms, including bacteria (on blood agar plates), fungi (in 
Sabouraud dextrose medium), endotoxins (as detected using 
a horseshoe crab agent) and mycoplasma [as determined via 
reverse transcription‑PCR (RT‑PCR)] (13). Flow cytometric 
analysis identified the presence of CD73, CD90 and CD105 
(>95% of cells) and the absence of CD34, CD11b, CD19, 
CD45 and human leukocyte antigen‑DR using a Human MSC 
Analysis kit (BD Biosciences; cat. no. 562245) (<2% of cells) 
on the cell surface (14) (Fig. S1). All procedures for isolating, 
culturing and harvesting UC‑MSCs were performed under 
good manufacturing practice conditions. All UC‑MSCs used 
for transfusion were from passage 3.

Mice and CIA model. The experiments were performed on 34 
male DBA/1 mice (weight, 15‑18 g; age, 10 weeks; Beijing Vital 
River Laboratory Animal Technology). All mice, with 4 mice 

housed per cage, were maintained in a specific pathogen‑free 
environment on a standard chow and water with a 12  h 
dark‑light cycles at 20±2˚C and 55±10% humidity. The mice 
were randomly divided into three groups: Normal group (n=11), 
CIA group (n=12) and a CIA group treated with UC‑MSCs 
(n=11; dose, 5x106 per mouse every week for 3 weeks). CIA 
mice were established as described previously (15,16). In brief, 
equal volumes of bovine type II collagen (Chondrex, Inc.) and 
complete Freund's adjuvant (4 mg/ml; Chondrex, Inc.) were 
mixed to form an emulsion. On day 0, 0.1 ml emulsion was 
injected intradermally at a site 1.5 cm distal to the base of the 
tail. On day 21, the mice received an identical dose of type II 
collagen mixed with an equal volume of normal saline injected 
intraperitoneally. Normal mice were injected with 0.1 ml 
normal saline on both above‑mentioned occasions. The study 
protocol was approved by the Animal Ethics Committee of 
Peking University (Beijing, China; approval no. J201985). All 
experiments were performed in accordance with the National 
Institutes of Health Guide for the Care and Use of Laboratory 
Animals.

Experimental procedures. Locomotor function was assessed 
via an open field test (OFT) in mice with CIA when the 
arthritis clinical score reached 3 (15) at days 28. Then, mice 
were assigned to the UC‑MSC group received 5x106 UC‑MSCs 
on days 28, 35 and 42 (11), which were injected via the tail 
vein. No animals died unexpectedly prior to the end of this 
experiment. Body weight, food intake (measured as the weight 
of the remaining food pellets subtracted from the initial food 
weight), arthritis clinical score and hind ankle diameters 
measured using a caliper were evaluated each week  (15). 
On day 84 (11), the mice were anesthetized via intraperito‑
neal injection of pentobarbital sodium at a concentration of 
50 mg/kg and were sacrificed by cervical dislocation. The left 
gastrocnemius muscle and the knee joints of each mouse were 
dissected for histopathological analyses and the gastrocnemius 
muscle on the right side was stored at ‑196˚C in liquid nitrogen 
for RT‑quantitative (q)PCR.

Open Field Test (OFT). The mice were first familiarized with 
the square testing arena (50x50x35 cm) in a quiet, dimly lit 
room for 6 min (1 min for adapting to the environment and 
5 min for the OFT). On days 0 and 28, the mice were placed 
in the open field arena for 5 min and spontaneous locomotor 
activities were recorded using a video analysis system of OFT 
(BW‑OF302, Shanghai Ranlong Technology Development 
Co., Ltd.) mounted on top of the arena for measurements of 
the total time spent active and immobile, the total movement 
distance and the mean velocity of motion (17).

Histology and scoring of arthritis. The knee joints from the 
hind limbs were excised and fixed in 10% buffered formalin 
for 24 h at room temperature. Subsequently, the samples were 
decalcified in 10% EDTA for 21 days at room temperature 
and embedded in paraffin. Slides with a thickness of 4 µm 
were dewaxed with 100% xylene and then rehydrated with 
anhydrous, 95 and 70% ethanol and H2O in sequence. The 
slices were then stained with haematoxylin for 5 min and 
eosin for 1 min and then dehydrated at room temperature. 
All HE‑stained slides were captured and analyzed using an 
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Olympus BX53 light microscope (Olympus Corporation) 
at 20x magnification. Synovial inflammation was scored 
by two independent observers (LA and LW) according to 
the percentage area exhibiting synovitis in five high‑power 
magnification fields per animal: 0, 0% (absent); 1, 1‑10% 
(mild); 2, 11‑50% (moderate); and 3, 51‑100% (severe). 
Cartilage erosion was scored according to the percentage 
of the cartilage surface that was eroded: 0, 0% (absent); 
1, 1‑10% (mild); 2, 11‑50% (moderate); and 3, 51‑100% 
(severe). The absence of bone erosion was scored as 0, minor 
erosion(s) observed only at high magnification was scored 
as 1, moderate erosion(s) observed at low magnification was 
scored as 2 and severe transcortical erosion(s) was scored 
as 3 (18).

The gastrocnemius muscles from the hind limbs were 
excised and placed in a fixative solution (Wuhan Servicebio 
Technology Co., Ltd.) for 24 h before paraffin embedding, cut 
into 5 µm sections and stained with HE at room temperature.

Myofiber cross‑sectional area. Myofiber cross‑sectional 
areas were calculated as described previously (18). In brief, 
fibers were measured in two randomly selected images of the 
gastrocnemius muscle from a series of 10 images per mouse, 
totaling 100‑200 measured myofibers. The cross‑sectional 
area of the gastrocnemius fibers was calculated using ImageJ 
software (version 1.8.0; National Institutes of Health) (19).

Toluidine blue staining. Toluidine Blue O Cartilage Stain solu‑
tion containing an amine group and a quinone type benzene 
ring as chromogenic agents (cat. no. G2543; Beijing Solarbio 
Science & Technology Co., Ltd.) was added to cartilage 
samples for 15 min at room temperature. Acetone (1,000 ml) 
was then applied to differentiate chondrocytes for 5 min at 
room temperature.

Immunohistochemical staining. Gastrocnemius muscle tissues 
were fixed in muscle fixation fluid (cat. no. G1111; Wuhan 
Servicebio Technology Co., Ltd.) at room temperature for 
24 h, subsequently dehydrated and thereafter embedded in 
paraffin. Tissue sections (4 µm) were deparaffinized according 
to the above‑mentioned methods and incubated with 3% H2O2 
at 37˚C for 10 min. Antigen retrieval was performed by boiling 
in 0.01 M sodium citrate at 95˚C for 15 min. After cooling for 
2 h, the sections were blocked at room temperature for 1 h 
using 10% goat serum (z sbio.com, SAP‑9102). The slides were 
then incubated at 4˚C overnight with antibodies against CD3 
(cat. no. GB13014; 1:100 dilution), CD4 (cat. no. GB11064; 
1:500 dilution), CD19 (cat. no. GB11061‑1; 1:300 dilution), 
F4/80 (cat. nos. GB11061‑1 and GB11027; 1:1,500 dilution) 
and inducible nitric oxide synthase (iNOS; cat. no. GB11119; 
1:2,000 dilution). Subsequently, the sections were incubated 
with biotinylated goat anti‑rabbit horseradish peroxidase IgG 
secondary antibody (cat. no.  G1213‑100UL; 1:1,000 dilu‑
tion) at 37˚C for 30 min. All antibodies were from Wuhan 
Servicebio Technology Co., Ltd. Diaminobenzidine was used 
as chromogenic agent. Following washing, the sections were 
counterstained with hematoxylin, dehydrated with ethanol 
(70, 85, 95 and 100%) and xylene and then sealed with neutral 
resin. Images were obtained using a light microscope (magni‑
fication, x400; Olympus Corporation).

RT‑qPCR. Total RNA was isolated from gastrocnemius muscle 
using TRIzol® (Takara Bio, Inc.) and cDNA was synthesized at 
37˚C for 15 min and 85˚C for 5 sec using reverse transcriptase 
(PrimeScript RTase, RNase Inhibitor, Random 6 mers, Oligo 
dT Primer, dNTP Mixture, Buffer; cat. no. RR036A; Takara 
Bio, Inc.). The expression levels of genes encoding IL‑6, 
IL‑1β, TNF‑α, iNOS, IL‑10, α‑smooth muscle actin (α‑SMA), 
fibronectin 1 (FN1), collagen type  I α 1 chain (COLIa1), 
COLIa2, COLIIIa1 and TGF‑β1 were assessed via RT‑qPCR 
using SYBR green mix (Applied Biosystems; Thermo Fisher 
Scientific, Inc.) and the primers are listed in Table SI. The 
thermocycling conditions were as follows: Initial denaturation 
at 50˚C for 2 min and 95˚C for 2 min, followed by 40 cycles of 
95˚C for 15 sec, 60˚C for 15 sec and 72˚C for 1 min. Data were 
collected and quantitatively analysed on an ABI Prism 7900 
sequence detection system (Applied Biosystems; Thermo 
Fisher Scientific, Inc.). Finally, relative gene expression values 
were calculated using the 2‑∆∆Cq method (20). All quantities are 
expressed as fold changes relative to the expression of β‑actin. 
The RT‑qPCR reactions were performed in triplicate.

Statistical analysis. Values are expressed as the mean ± stan‑
dard deviation. The data were compared using the 
Mann‑Whitney U‑test, unpaired Student's t‑test or one‑way and 
mixed ANOVA followed by Bonferroni's post‑hoc test. Data 
were analysed using GraphPad Prism version 6.0 (GraphPad 
Software, Inc.). P<0.05 was considered to indicate a statisti‑
cally significant difference.

Results

Locomotor deficits at day 28 of CIA. Baseline locomotion, 
including total active time, total immobility time, total move‑
ment distance and mean motion velocity, did not significantly 
differ between mice assigned to the normal group and those 
assigned to the model group (Fig. S2A). A total of 28 days 
after the first induction of CIA, locomotion was again assessed 
via the OFT. As expected, mice with CIA traveled shorter 
distances in the 5‑min assessment but had a significantly higher 
total active time, resulting in a lower mean motion velocity 
compared with that of mice in the normal group (Fig. S2B). 
However, there were no locomotor differences between mice 
in the CIA group and those assigned to the UC‑MSC treatment 
group (Fig. S2C‑E).

Clinical arthritis and ankle thickness are unaffected by 
UC‑MSC treatment. UC‑MSCs are a potent treatment 
modality with beneficial effects in arthritis models and 
human patients with RA (7,8). However, in the CIA model of 
the present study (Fig. S3A), treatment with a total of 15x106 
UC‑MSCs did not significantly affect the ankle thickness or 
arthritis scores compared with those of untreated mice with 
CIA (Fig. S3B‑D).

Knee joint arthritis histopathology is unaffected by UC‑MSC 
treatment. Joint inflammation and cartilage damage in the 
CIA model were examined via HE and toluidine blue staining, 
respectively. It was indicated that CIA resulted in synovitis and 
bone erosion (as detected by HE staining), as well as articular 
cartilage and proteoglycan loss (as indicated by toluidine blue 
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staining) in comparison with the normal group (Fig. 1A). 
However, the results in the group receiving UC‑MSC treatment 
did not differ from the untreated CIA group. Furthermore, the 
histology was consistent with the observed increase in clinical 
arthritis scores and left/right paw swelling in mice with CIA, 
regardless of UC‑MSC treatment. In addition, UC‑MSC treat‑
ment did not decrease synovitis, bone erosion or cartilage 
degradation in mice with CIA (Fig. 1B).

Rheumatoid cachexia is unaffected by UC‑MSC treatment. 
Mice with CIA exhibited a significant decrease in body weight 
at various points after the first immunization. However, there 
was no significant difference between the CIA group and the 
UC‑MSC group (Fig. 2A). Although food intake did not differ 
among the groups (Fig. 2B), the normalized food intake (food 
intake/body weight) was higher in mice with CIA from day 42 
onwards (there was no significance on day 77) (Fig. 2C). After the 
mice were sacrificed on day 84, the gastrocnemius muscle weight 
and normalized gastrocnemius muscle weight (ratio of muscle 
weight to body weight) in the UC‑MSC group were significantly 
lower compared with those in the CIA group, and a similar if 
insignificant trend was observed on the left (Fig. 2D and E).

Muscle fiber cross‑sectional area is unaffected by UC‑MSC 
treatment. Histological analysis of cross‑sections of gastrocne‑
mius muscles with HE staining revealed additional pathological 

features of CIA (Fig. 3A). The cross‑sectional area of gastroc‑
nemius muscle fibers was significantly decreased in mice with 
CIA, as well as in those treated with UC‑MSCs (Fig. 3B). Of 
note, mice with CIA that were treated with frequent high doses 
of UC‑MSCs did not exhibit any improved muscle fiber areas 
(Fig. 3C).

Proinflammatory and fibrosis cytokines in CIA. Inflammation 
and fibrosis may lead to changes in muscle weight (17,18). As 
the gastrocnemius muscle weight was further decreased in 
CIA mice treated with UC‑MSCs, the present study investi‑
gated whether UC‑MSCs induce an inflammatory response. 
Immunostaining of tissue collected on day 84 was negative 
for markers of B cells (CD19), T cells (CD3 and CD4) and 
macrophages (iNOS and F4/80), indicating that there was no 
inflammatory‑cell infiltration. However, RT‑qPCR analyses 
identified significant increases in the expression levels of 
the inflammatory cytokines TNF‑α, IL‑6 and IL‑1β in mice 
with CIA as compared with those in normal mice (Fig. 4). 
Furthermore, mice treated with UC‑MSCs exhibited similar 
increases, except for the expression of TNF‑α, which was 
significantly enhanced compared with that in untreated mice 
with CIA. There were neither any significant differences 
among the groups in the expression levels of iNOS, TGF‑β, 
FN1 and α‑SMA, nor in the expression levels of fibrosis genes 
(COLIa1, COLIa2 and COLIIIa1) (Fig. S4).

Figure 1. UC‑MSC treatment does not ameliorate knee joint and hind limb pathology in mice with CIA. (A) Representative hind paw images and joint sections 
with HE and TB staining (scale bar, 200 µm). (B) Scoring of synovitis, bone erosion and cartilage degradation. Values are expressed as the mean ± standard 
deviation (n=11). TB, toluidine blue; CIA, collagen‑induced arthritis; UC‑MSC, umbilical cord mesenchymal stem cell.
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Figure 2. UC‑MSCs do not ameliorate rheumatoid cachexia. (A) Body weights, (B) food intake and (C) normalized food intake in the normal group, CIA 
group and UC-MSC-treated group (n=10-12). *P<0.05, **P<0.01 and ***P<0.001 vs. CIA group; &P<0.05 and &&P<0.01 vs. UC-MSC-treated group. Weights and 
normalized weights of (D) left and (E) right GAS. Values are presented as the mean ± standard deviation (n=10-12 for panel D; n=9-10 for panel E). #P<0.05, 
##P<0.01, ###P<0.001. CIA, collagen‑induced arthritis; UC‑MSC, umbilical cord mesenchymal stem cell; GAS, gastrocnemius muscles.

Figure 3. Reduced gastrocnemius cross‑sectional area in mice with CIA. (A) Representative histopathology of gastrocnemius muscle fibers on day 84 
(scale bar, 2 mm). (B) Cross‑sectional fiber areas of gastrocnemius muscles. Values are expressed as the mean ± standard deviation (n=6‑8; 100‑200 myofi‑
bers per mouse). ***P<0.001, as determined via one‑way ANOVA. (C) Distributions of the cross‑sectional areas of gastrocnemius muscle fibers (n=10‑11; 
100‑200 myofibers per mouse). CIA, collagen‑induced arthritis; UC‑MSC, umbilical cord mesenchymal stem cell.
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Discussion

MSCs, known for their immunomodulatory properties, 
have been reported to improve clinical symptoms and joint 
pathology  (21‑24). However, MSCs do not always exert 
immunoregulatory functions and may only promote immune 
responses under certain conditions  (25). Specifically, the 
present study examined a novel cell‑based therapeutic strategy 
for animal arthritis using high‑frequency and ‑dose injec‑
tion of UC‑MSCs, which has so far remained largely elusive. 
The present study first addressed whether a high‑frequency 
and ‑dose injection of UC‑MSCs possessed anti‑arthritis 
properties and the results demonstrated the inability of this 
treatment to exert a beneficial effect on clinical symptoms and 
joint protection in the experimental arthritis model. Next, the 
effect of high‑frequency and ‑dose injection of UC‑MSCs on 
muscle atrophy was assessed and the results indicated that 
this treatment decreased gastrocnemius muscle weight and 
increased the levels of TNF‑α in this muscle. Therefore, the 
present UC‑MSC therapy aggravated muscle wasting and had 
no significant effect on arthritis symptoms and body weight in 
an experimental model of RA.

RA is a systemic disease mainly affecting small joints. 
The treatment of RA usually comprises systemic administra‑
tion of agents such as methotrexate and leflunomide, which 
may control disease activity of inflamed joints via immu‑
noregulation (1). Local intraarticular injection is generally 
suitable for large joints and has the advantage of controlling 
the symptoms of the injected joint, with relatively fewer 
effects on the non‑injected joints (26). Thus, due to the small 
joint cavity and poor maneuverability, local intraarticular 
injection is rarely used to treat RA. Based on the above 
considerations, intravenous administration of UC‑MSCs 
was used in the present study. It was previously reported 
that the injected UC‑MSCs preferentially migrated to the 

inflammatory joint sites of the rats as proven by UC‑MSCs 
being labeled with superparamagnetic iron oxide nanopar‑
ticles and bromodeoxyuridine (27). In the present study, no 
staining for UC‑MSC markers in the inflamed joints was 
performed after animal sacrifice, so it cannot be decisively 
proven whether all of the effects observed were induced 
by UC‑MSCs directly. However, it was demonstrated that 
UC‑MSCs are able to secrete a wide range of functional 
factors, including cytokines, chemokines and metabolites, 
which mostly have beneficial effects on RA due to their 
anti‑inflammatory activity (7) and systemic immunomodu‑
latory effects (9), suggesting that the therapeutic effect is 
not only entirely dependent on local effects of articular 
administration but also on systemic effects. It was previously 
reported that a single dose of 5x106 UC‑MSCs was effec‑
tive in relieving clinical symptoms in arthritis models (10). 
Furthermore, Liu et al (11) revealed that injections of 5x106 
UC‑MSC cells on days 28 and 56 improved joint damage 
and served a beneficial role in arthritis‑related osteopo‑
rosis. However, there is an important balance between the 
pro‑inflammatory and anti‑inflammatory effects of the func‑
tional factors. It is well documented that MSCs fail to exhibit 
a therapeutic effect on RA (28,29), and that intravenously 
infused MSCs induce inflammatory responses in vivo (30). 
The present study suggested that three weekly injections of 
5x106 UC‑MSCs did not relieve arthritis and muscle atrophy. 
The inconsistencies among previous studies and the present 
results may be associated with the stimulatory effects of 
the microenvironment on MSCs, which may hamper their 
immunosuppressive properties or even enhance the inflam‑
matory process. Thus, it was suggested that the lack of 
therapeutic benefit may be due to the dose and frequency of 
UC‑MSCs administered, which may have led to UC‑MSCs 
losing their immunomodulatory properties and becoming 
pro‑inflammatory.

Similar to RA, the CIA model is a chronic and progressive 
disease manifested by arthritis and muscle cachexia prior to day 
45 (31) or day 65 (5). The molecular phenotype of muscle mass 
loss involves increases in inflammatory cytokines, including 
IL‑1β, IL‑8, IL‑6 and Toll‑like receptor‑4  (32). A study 
from another field of research reported that MSCs promoted 
muscle regeneration by enhancing angiogenesis (33). However, 
the effects of MSCs on RA muscle atrophy have remained 
largely elusive. The present study focused on the effects MSC 
interventions on muscle atrophy in a CIA model. The results 
demonstrated that body and muscle weight were reduced, while 
the levels of pro‑inflammatory cytokines, including TNF‑α, 
were increased in gastrocnemius muscles after UC‑MSC 
therapy, as detected via RT‑qPCR. Although inflammation is 
an important driver of RA skeletal muscle disease, immune 
cells did not infiltrate into the muscle, which suggests that the 
skeletal cachexia of CIA was not due to systemic inflamma‑
tion but rather the muscle cells themselves. A possible reason 
for this is that the UC‑MSC group demonstrated more severe 
arthritis than the CIA group, meaning that animals moved less 
and the muscles wasted more. Furthermore, muscle fibrosis 
has been detected in skeletal cachexia in animal models of 
RA (19). The present study examined the effects of CIA up to 
84 days after immunization but did not observe any fibrotic 
manifestations.

Figure 4. UC‑MSC treatment does not decrease the immune response in 
the muscles of mice with CIA. Levels of relative mRNA expression were 
normalized to those of β‑actin. Values are expressed as the mean ± standard 
deviation (n=6‑9). #P<0.05, normal vs. CIA; $P<0.05, $$P<0.01, $$$P<0.001, 
normal vs. UC‑MSC; ***P<0.001, CIA vs. UC‑MSC. CIA, collagen‑induced 
arthritis; UC‑MSC, umbilical cord mesenchymal stem cell; iNOS, inducible 
nitric oxide synthase; SMA, smooth muscle actin; COLIa1, collagen type I a1 
chain; COLIIIa1, collagen type III a1 chain; FN, fibronectin.
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The present study had certain limitations that are worth 
mentioning. It was previously suggested that syngeneic or 
allogeneic MSCs provided a clinical benefit when admin‑
istered intravenously prior to the onset of arthritis (infused 
MSCs at days 1 and 5 or 4 and 9 post‑Freund's complete 
adjuvant injection) in an adjuvant‑induced arthritis rat 
model (29); thus, a study with earlier injection of UC‑MSCs 
prior to arthritis onset should be designed. Furthermore, only 
one therapeutic dosage regimen was tested and further studies 
using different dose gradients in CIA models are required to 
investigate the optimal dose and frequency. Of note, the effec‑
tiveness of UC‑MSC injections at a low frequency and dose 
have been demonstrated in previous studies. However, the 
present results indicated that frequent high‑dose injections 
of UC‑MSCs failed to exert anti‑arthritis and anti‑muscle 
cachexia effects.

In conclusion, skeletal muscle cachexia persisted even in the 
CIA mice at day 84. However, frequent injection of high‑dose 
of UC‑MSCs slightly aggravated arthritis and skeletal muscle 
cachexia in CIA mice.
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