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Abstract
BACKGROUND 
We investigated the efficacy of intra-articular injection of human umbilical cord 
mesenchymal stem cells (hUC-MSCs) for the treatment of osteoarthritis (OA) 
progression in the knee joint. Although many experimental studies of hUC-MSCs 
have been published, these studies have mainly used fetal bovine serum-
containing cultures of hUC-MSCs; serum-free cultures generally avoid the short-
comings of serum-containing cultures and are not subject to ethical limitations, 
have a wide range of prospects for clinical application, and provide a basis or 
animal experimentation for clinical experiments.

AIM 
To study the therapeutic effects of serum-free hUC-MSCs (N-hUCMSCs) in a 
mouse model of knee OA.

METHODS 
Fifty-five male C57BL/6 mice were randomly divided into six groups: The blank 
control group, model control group, serum-containing hUC-MSCs (S-hUCMSC) 
group, N-hUCMSC group and hyaluronic acid (HA) group. After 9 weeks of 
modeling, the serum levels of interleukin (IL)-1β and IL-1 were determined. 
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Hematoxylin-eosin staining was used to observe the cartilage tissue, and the Mankin score was determined. 
Immunohistochemistry and western blotting were used to determine the expression of collagen type II, matrix 
metalloproteinase (MMP)-1 and MMP-13.

RESULTS 
The Mankin score and serum IL-1 and IL-1β and cartilage tissue MMP-1 and MMP-13 expression were significantly 
greater in the experimental group than in the blank control group (P < 0.05). Collagen II expression in the experi-
mental group was significantly lower than that in the blank control group (P < 0.05). The Mankin score and serum 
IL-1 and IL-1β and cartilage tissue MMP-1 and MMP-13 levels the experimental group were lower than those in the 
model control group (P < 0.05). Collagen II expression in the experimental group was significantly greater than that 
in the model control group (P < 0.05).

CONCLUSION 
N-hUCMSC treatment significantly alleviate the pathological damage caused by OA. The treatment effects of the S- 
hUCMSC group and HA group were similar.

Key Words: Osteoarthritis; Serum-free culture; Mesenchymal stem cell; Human umbilical cord mesenchymal stem cells; 
Serum-free culture of human umbilical cord mesenchymal stem cells; Hyaluronic acid

©The Author(s) 2024. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: Mesenchymal stem cells have been shown to alleviate osteoarthritic cartilage and could therefore be used to treat 
osteoarthritis to reduce or delay the need for knee replacement therapy. This study provides a favorable foundation for the 
future application of serum-free cultured human umbilical cord mesenchymal stem cells in clinical trials for treating knee 
osteoarthritis.

Citation: Xiao KZ, Liao G, Huang GY, Huang YL, Gu RH. Efficacy of serum-free cultured human umbilical cord mesenchymal stem 
cells in the treatment of knee osteoarthritis in mice. World J Stem Cells 2024; 16(11): 944-955
URL: https://www.wjgnet.com/1948-0210/full/v16/i11/944.htm
DOI: https://dx.doi.org/10.4252/wjsc.v16.i11.944

INTRODUCTION
Osteoarthritis (OA) is a degenerative disease of the joints that severely affects the lives of patients. More than 240 million 
patients worldwide have symptoms of limited mobility, and approximately 30% of people over 45 years of age have 
imaging evidence of knee OA, approximately half of whom have knee symptoms. This condition results in a major 
economic burden on patients, families and society, and its main symptoms are joint pain and dysfunction, which can even 
lead to disability. OA is treated with exercise therapy, physical therapy, medication and joint replacement surgery. The 
current conventional treatment for OA is aimed mainly at relieving pain, alleviating symptoms of stiffness, correcting 
deformities, and correcting and restoring joint function, thus improving the quality of life of patients[1]. However, these 
standard treatment options can only relieve pain and improve functioning. The only cells that maintain homeostasis of 
the extracellular matrix in the articular cartilage are chondrocytes, and the stability of the articular cartilage depends on 
the chondrocytes. Thus, chondrocyte function determines articular cartilage damage, and chondrocyte apoptosis is one of 
the etiological factors in degenerative joint changes[2]. These findings indicate that repairing articular cartilage in patients 
with knee OA is highly important for treating and controlling the progression of OA, and will likely constitute a new 
therapeutic direction; however, there are no effective drugs for repairing articular cartilage. Mesenchymal stem cells 
(MSCs) are multipotent stem cells, that show directed homing to sites of injury, can differentiate into different cell types, 
can secrete a various cytokines involved in the immune response, and have immunosuppressive properties[3,4]. These 
cells are widely used in clinical applications, such as for cartilage repair, bone defect disease[5,6], cancer[7], kidney 
disease[8,9], diabetes[10], and cirrhosis[11] of the liver. Human umbilical cord MSCs (hUCMSCs) are extracted from the 
umbilical cord, are waste products of fetal birth, do not have ethical or moral issue, are convenient, have abundant 
sources and are easy to collect. These cells show a low prevalence of transplant-associated viruses and pathogenic 
microorganisms, and no tumor cell contamination, have a high proliferative capacity and good biostability, and show low 
immunogenicity or weak immune rejection of allografts[12-15]. These are the only safe allogeneic steam cell among 
various multifunctional stem cells[16].

Many studies have shown that injecting hUCMSCs to treat OA can significantly improve pain and function, with good 
therapeutic effects[14,17,18]. Many models of spontaneous OA exist (e.g., mice, guinea pigs, and dogs)[19-22]. However, 
surgical models can offer many advantages, such as reduced variability, reduced dependence on genotype, and faster 
onset of disease, which often shortens the study time of experiments and thus reduces feeding costs[23]. Serum-free 
cultures have advantages over traditional fetal bovine serum cultures in that serum-free cultures avoid the effects of the 
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presence of different species, reduce the risk of contamination with infectious agents and are not ethically restricted. 
Serum-free culture allows good amplification, multipotency and normal genotype maintenance of hUCMSCs, main-
taining the pluripotency and surface antigen profile used to define human MSCs[24,25]. Therefore, the main purpose of 
this study was to verify the effectiveness of serum-free cultured hUCMSCs (N-hUCMSCs) in treating OA in mice, and to 
compare the ability of intra-articular injections of serum-cultured hUCMSCs (S-hUCMSCs), N-hUCMSCs, and hyaluronic 
acid (HA) to treat an artificially generated mouse model of OA. For these aim, repeated dose MSC therapy is superior 
single-dose MSC therapy and is safer[18,26]. Biochemical, histological, and microstructural analyses of articular cartilage 
and subchondral bone were performed after repeat injections, as were in vivo tracking of inflammatory factors. In 
addition, we evaluated whether N-hUCMSCs, S-hUCMSCs, and HA were equipotent for the treatment of knee OA in 
mice.

MATERIALS AND METHODS
Ethics statement
The animal ethics review followed the Guiding Opinions on the Treatment of Laboratory Animals issued by the Ministry 
of Science and Technology of the People’s Republic of China and the Laboratory Animal Guidelines for Ethical Review of 
Animal Welfare issued by the National Standard GB/T35892-2018 of the People’s Republic of China.

Animal handling
The research protocol was reviewed by the Animal Ethics Committee of Guangxi Medical University, and the content and 
process of this research followed the ethical requirements for biomedical research promulgated by international and 
national organizations. A total of 55 male C75BL/6 mice were used in this study. C75BL/6 mice were randomly grouped 
into the S-hUCMSC group (n = 10), N-hUCMSC group (n = 11), HA group (n = 7), model control group (n = 12) and blank 
control group (n = 15). The body weights of the mice [purchased from Spivey (Beijing) Biotechnology Co., Ltd. weight 20 
± 2 g for 6-8 weeks] were measured after purchase, and the mice were housed in ventilated groups (4 mice per cage) with 
a 12-hour light/dark cycle at the Guangxi Academy of Sciences Animal Breeding Room, with water and food provided 
ad libitum. The animals were allowed to adapt for one week, after which they were observed daily, and whether their 
feeding and drinking conditions and mental condition were normal was recorded. If mice with abnormal indicators were 
found, the animals were immediately eliminated and replaced.

Construction of a mouse model of knee OA
Except for those in the blank control group, the animals in all groups underwent anterior cruciate ligament (ACL) 
disarticulation surgery. The animals were placed in the induction anesthesia box. After anesthesia, both upper limbs of 
the animals were fixed, the nose of the animals were placed into respiratory anesthesia masks, a longitudinal incision of 
approximately 2.0 cm was made in the knee joint, the patellofemoral ligament was cut to approximately 1 cm to turn out 
the patella to expose the knee joint, the inferior patellar crease wall connected with the intercondylar fossa was clipped 
(the operation could be completed to visualize the ACL), and the ACL was cut with microscopic clippers. Then, wound 
debridement and suturing were performed[27]. After the operation, drugs were given to promote wound healing. The 
animals in the blank control group did not undergo ACL dissection, and the other treatments were the same as those 
used in the model group. After 9 weeks of modeling, the sera of all animals were monitored for interleukin (IL)-6 and IL-
1β, and the cartilage tissues of the knee joints of 2 animals each in the blank control group and the model control group 
were collected bilaterally and placed in tissue fixative for hematoxylin-eosin (HE) staining. After verification of the 
success of the model, the animals in each group were dissected and sampled, and the whole femur and tibia of the left 
knee joint were placed in 4% formaldehyde for fixation and stored in a refrigerator at 4 °C; the cartilage tissues of the 
right knee joint and serum were separated and stored at -80 °C.

MSC harvest
The stem cells used in this study were reviewed by the Ethics Committee of Nanning First People’s Hospital. P3 
generation hUCMSCs were purchased from Guangxi Huaren & Sai Biotechnology Co., Ltd., divided into serum (10% 
fetal bovine serum) culture and, serum-free culture groups, and passaged to P5 (Figure 1). hUCMSCs from the 5th 
generation were used for all experiments.

Injection of hUC-MSCs into C75BL/6 knee joints
The experiment was conducted in the laboratory of Guangxi Academy of Sciences. C75BL/6 mice were randomly 
grouped and 1 × 107 S-hUCMSCs, 1 × 107 N-hUCMSCs, phosphate buffered saline (PBS) (blank control group and model 
control group), and HA were injected via a syringe into the posterior (knee) joints of the mice with knee OA. In addition, 
the animals in the blank control group were injected with PBS, and all the treatments were consistent with the model 
group. All injections were given initially 2 weeks after the mouse model was established and again 2 and 4 weeks 
thereafter. Each experiment was conducted in the morning. All the animals were housed in groups in miniature isolation 
cages with free movement. Three weeks after the last injection, model validation was carried out with 2 animals each in 
the blank control group and the model control group. Knee joint cartilage tissue sections were taken for HE staining, and 
sera from all the animals were tested for IL-6, and IL-1β. Uneven chondrocyte thickness, disorganized cartilage structure, 
and increased clefts were more pronounced in the model control group than in the blank control group, and the levels of 
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Figure 1 Collection of human umbilical cord mesenchymal stem. A: Serum-free human umbilical cord mesenchymal stem, scale bar = 200 μm; B: 
Serum-cultured human umbilical cord mesenchymal stem cells, scale bar = 200 μm. N-hUCMSCs: Serum-free human umbilical cord mesenchymal stems; S-
hUCMSCs: Serum-cultured human umbilical cord mesenchymal stem cells.

the inflammatory factors IL-6 and IL-1β were significantly elevated by 2-3-fold in the model group, indicating that the 
modeling was successful. Mouse bilateral knee radiographs were obtained after model validation. Immediately after 
humane execution, the blood and knee joints of both lower limbs of the mice were harvested. The cartilage tissue of the 
right knee joint was labeled, quickly frozen at -80 °C in a freezer and prepared for multiple analyses (Table 1). 
Throughout the entire research process, only the designer was informed about the experimental groups; all the other 
authors were unaware.

Enzyme-linked immunosorbent assay of serum
Enzyme-linked immunosorbent assay (ELISA) kits were purchased from ELISA Bio, (lot numbers YJ063159 and 
YJ301814). Blood was taken from the orbital vein and immediately centrifuged at 4 °C at 3000 rpm/minute for 10 minutes 
to obtain the serum. The ELISA was performed in an orderly manner according to the instructions of the kit.

C75BL/6 knee radiographs
After the animal, was anesthetized, it was fixed on the fixation plate and placed on the X-ray photography instrument 
table. The exposure parameters were adjusted, and the photo button was pressed to generate the X-ray image (the 
parameters were not debugged during the photo session and the position of the fixing point on the fixing plate was not 
moved to ensure that the animal’s legs were in the same position).

HE staining
After fixation, decalcification, and dehydration, the knee cartilage tissue was transversely sectioned for routine paraffin 
embedding and sectioning. The sections were deparaffinized in xylene. The sections were rehydrated with ethanol, 
stained with hematoxylin stain, washed with distilled water to remove floating color, differentiated with differentiation 
solution, stained with eosin, sealed with neutral gum, and observed under a microscope.

Immunohistochemical assessment
Cartilage tissue sections were immunohistochemically stained for collagen II, matrix metalloproteinase (MMP)-1 and 
MMP-13, paraffin sections were deparaffinized in xylene, and rehydrated in ethanol, and an immunohistochemistry pen 
was used to draw a circle around the sample to prevent diffusion of the reagents. Citric acid restorative solution was 
added, and the sections were naturally cooled and then rinsed with PBS, and 3% hydrogen peroxide solution, repeatedly. 
After incubation with goat serum sealing solution, primary antibody and secondary antibody, DBA was used for color 
development, hematoxylin was used for restaining, alcohol was used for dehydration, neutral gum was used for sealing, 
and photographs were taken under the microscope.

Protein content of knee cartilage tissue
Protein extract preparation: According to the number of samples, the required volume of bone tissue protein extract, was 
prepared, and 2 μL of protease inhibitor and 2 μL of protein stabilizer were added to every 500 μL of cold bone tissue 
protein extract A, which was mixed well and prepared for use. After rinsing, grinding, and lysis, centrifugation and 
collection were performed to obtain the total protein of the bone tissue, the concentration of the protein was determined, 
denaturation treatment was performed, and the samples were stored at -80 °C. The protein content was determined with 
a BCA kit, purchased from Biyuntian Biotechnology, Lot No. P00125; the protein content of each sample was determined 
with an enzyme labeling instrument after strictly following the operating procedures of the kit.
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Table 1 Weight of cartilage in the right knee joint of each mouse (the weighing time point is before extracting protein from knee 
cartilage)

Serial number Animal number Weights (g) Serial number Animal number Weights (g)

1 2 0.019 18 D46 0.045

2 10 0.046 19 B92 0.078

3 98 0.027 20 D37 0.051

4 3 0.020 21 D28 0.032

5 8 0.048 22 D99 0.028

6 33 0.027 23 D33 0.039

7 34 0.067 24 B89 0.029

8 57 0.029 25 B97 0.036

9 17 0.048 26 B98 0.037

10 28 0.083 27 B96 0.054

11 22 0.027 28 B94 0.033

12 16 0.024 29 D36 0.033

13 6 0.030 30 D6 0.035

14 26 0.043 31 D31 0.043

15 36 0.037 32 D38 0.058

16 96 0.037 33 B95 0.034

17 D89 0.027 34 B93 0.045

Western blot analysis
A 10% Bis-Tris precast gel was placed in the electrophoresis tank, 20 μL of sample from each group was added, and 
electrophoresis was performed at 150 V constant voltage. The protein gel was removed, and the polyvinylidene fluoride 
(PVDF) membrane was activated with methanol. The transfer module was assembled according to the negative pole, 
sponge, filter paper, protein gel, PVDF membrane, filter paper, sponge and positive pole, and the membrane was 
transferred at 20 V constant voltage. The PVDF membrane was removed, and collagen II, MMP-13, MMP-1 and β-actin 
were separated separately. The membranes were incubated with blocking solution in a shaker, and the membranes were 
incubated with primary antibody, secondary antibody, and ECL developer solution and photographed with a gel 
imaging system.

Statistical analysis
The experimental data were statistically analyzed with SPSS 24.0 software and are presented as the mean ± SD. The 
experimental comparison of more than three groups was performed by one-way ANOVA for multiple comparisons, the 
analysis of the two groups was performed by an unpaired t test, and differences were defined as statistically significant at 
(P < 0.05). GraphPad Prism 9 software was used to draw bar graphs.

RESULTS
Clinical observations after modeling and drug injection
All the mice tolerated the knee arthritis model procedure, and no abnormal behavior was observed in any of the animals. 
Weight gain (Figure 2) was associated with no significant change in appetite during the feeding period. During the first 
phase of the experiment, 3 animals in the S-hUCMSC group died, 3 died in the N-hUCMSC group died, and 1 animal in 
the HA group died after knee injection. During the second phase of the experiment, no animals in the S-hUCMSC group 
died and 2 in the N-hUCMSC group died.

Throughout the experimental process, no animal death was observed in the blank control group and the model control 
group after injection into the knee joint cavity. In the cell injection group, the animal mortality rate was higher, and the 
deaths may be due to the injection of xenogeneic cells, which triggered immune stress. In addition, due to cellular 
injection into the knee joint cavity, hUCMSC and HA formation in response to the larger stimulus led to animal death.

Reduced IL-6 and IL-1β expression in the experimental group
The serum of the mice was tested for inflammatory factors (IL-6 and IL-1β) before modeling, and the baseline levels of the 
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Figure 2 Average body weight of mice in each group. The weight of each group of mice showed an upward trend after surgical modeling. N-hUCMSCs: 
Serum-free human umbilical cord mesenchymal stems; S-hUCMSCs: Serum-cultured human umbilical cord mesenchymal stem cells; HA: Hyaluronic acid.

inflammatory factors, IL-6 and IL-1β, did not differ significantly between the groups, indicating that the levels of inflam-
matory factors were consistent among the animals in each group before modeling (Figure 3A and B). Serum samples were 
collected at week 6 after modeling, and inflammatory factors were assessed. The levels of the inflammatory cytokines IL-6 
and IL-1β in the model group were significantly greater than those in the blank control group (P < 0.05) (Figure 3C and 
D). These findings indicate that the model was successfully prepared.

At the end of the experiment (9 weeks after modeling), serum was collected from the animals in each group to assess 
inflammatory factors. IL-6 and IL-1β levels were significantly greater in the model group than in the blank control group (
P < 0.05). The levels of the inflammatory cytokines IL-6 and IL-1β levels were significantly lower in the experimental 
group than in the model control group (P < 0.05) (Figure 3E and F). There was no significant difference between the 
experimental groups.

The experimental groups showed promotion of cartilage tissue repair
At the 6th week after modeling, the cartilage tissues of two knees in the blank control group and two knees in the model 
control group were dissected and subjected to HE staining. Compared with those in the blank control group, the knee 
joints in the model control group were deformed, the articular cartilage was damaged, the synovial tissue of the articular 
cavity showed strong proliferation, the cartilage layer was thickened, and the articular cavity was narrowed. The model 
control group had a rougher and smoother cartilage surface, thickened cartilage layer, narrowed bone trabeculae, and 
increased number of osteoclasts in the bone marrow cavity, indicating that the model was successfully established 
(Figure 4A and B).

The HE staining results at the experimental endpoint (9 weeks after modeling) revealed that, in the blank control 
group, the cartilage surface was smooth, the chondrocytes were uniformly arranged, the tissue structure was clear, the 
matrix staining was uniform, and the tide line was complete and clear. The surface of the cartilage in the model group 
was severely damaged, the synovial tissue had proliferated, the chondrocytes were substantially reduced, the cartilage 
layer was thinned, the cartilage structure was disorganized, fissures were observed in many places, the matrix staining 
was heavily reduced, and the tidal line was incomplete. The HE staining results were similar in the experimental groups, 
showing a smoother cartilage surface, a small decrease in chondrocytes, a slight decrease in matrix staining, and a more 
complete tidemark line (Figure 4C). The Mankin scores were significantly higher in the model control group than in the 
blank control group (P < 0.05) (Figure 4D). The Mankin scores were significantly lower in the experimental group than in 
the model control group (P < 0.05). The above results indicated that N-hUCMSCs, S-hUCMSCs and HA had therapeutic 
effects on OA in mice.

The experimental group of mice exhibited reduced formation of osteoids in the knee joint
Before the animals, were dissected, they were photographed via X-ray to observe the status of the knee joints, and the 
blank control group had normal knee joint gaps, smooth joint surfaces, and no peripheral osteophytes. The knee joints of 
the mice in the model group were narrower than those in the blank group in terms of the interstitial space and had a high 
density of subchondral shadows, irregular and indistinct borders of the articular surfaces of the joints, and periarticular 
bony hyperplasia. Compared with the model control group, the experimental group showed varying degrees of 
improvement in various manifestations, including wider knee spaces and clearer articular cartilage boundaries (Figure 5). 
The above results indicated that the N-hUCMSC, the S-hUCMSC and the HA treatments had therapeutic effects on OA in 
mice.
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Figure 3 Reduced interleukin-6 and interleukin-1β expression in the experimental group. A: Baseline analysis: There was no statistically significant 
difference in the initial levels of interleukin (IL)-1β among the groups of animals; B: Baseline analysis: There was no statistically significant difference in the initial 
levels of IL-6 among the groups of animals; C: Model validation: The level of IL-1β in the model control group was significantly higher than that in the sham surgery 
group (blank control group); D: Model validation: The level of IL-6 in the model control group was significantly higher than that in the sham surgery group (blank 
control group); E: Experimental endpoints: The level of IL-1β in the experimental group was significantly higher than that in the model control group; F: Experimental 
endpoints: The level of IL-6 in the experimental group was significantly higher than that in the model control group. aP < 0.05, comparison with the sham operated 
group; bP < 0.01, comparison with the sham operated group; cP < 0.05, comparison with the model control group; dP < 0.01, comparison with the model control group. 
N-hUCMSCs: Serum-free human umbilical cord mesenchymal stems; S-hUCMSCs: Serum-cultured human umbilical cord mesenchymal stem cells; IL: Interleukin.

Immunohistochemical assessment
Immunohistochemical analysis of collagen II, MMP-1 and MMP-13 protein expression in each group revealed that 
collagen II staining was the strongest in the blank control group, and the weakest in the model control group. Collagen II 
expression was greater in the experimental group than in the model control group, and there was no difference between 
the experimental groups. MMP-1 and MMP-13 staining was the weakest in the blank control group and the strongest in 
the model control group, and there was no difference between the experimental groups (Figure 6). The above results 
indicated that N-hUCMSCs, S-hUCMSCs and HA had therapeutic effects on OA model mice.

Western blot
Collagen II expression was lowest in the model control group and highest in the blank control group, and the difference 
was statistically significant (P < 0.05) when the model control, blank control and experimental group subgroups were 
compared. There was no difference between the experimental groups. MMP-1 and MMP-13 expression was significantly 
greater in the model control group than in the blank control group (P < 0.05). The expression of MMP-1 and MMP-13 in 
the experimental group was significantly lower than that in the model group (P < 0.05). There was no difference between 
the experimental groups. In summary, N-hUCMSCs, S-hUCMSCs and HA have therapeutic effects on OA model mice 
(Figure 7).

DISCUSSION
OA is a degenerative disease of the joints that severely affects the lives of patients, and it is estimated that more than 240 
million people worldwide suffer from symptomatic activity-limiting OA. With the increasing proportion of elderly and 
obese individuals, the incidence of OA is increasing annually[28,29]. OA is primarily a pathological change in the 
articular cartilage. Chondrocytes are the only cells in articular cartilage, that are needed to maintain the balance of the 
extracellular matrix, and the stability of the articular cartilage depends on chondrocytes. Owing to the absence of vascular 
structure in articular cartilage tissues, the weak regenerative ability of chondrocytes, and the lack of knowledge of the 
specific pathogenesis of OA, standard therapeutic options can alleviate pain and improve function, and there is currently 
no effective medication for the prevention and treatment of OA[28,30].
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Figure 4 The experimental group favored the repair of cartilage tissue. A and B: Model validation: In the control group, the integrity of the articular 
cartilage was disrupted, the cartilage surface became rough and uneven, the synovial tissue in the joint cavity proliferated significantly, and the number of osteoclasts 
in the bone marrow cavity increased; C: Experimental endpoints: The number of chondrocytes in the treatment group was significantly increased compared to the 
model control group; D: Experimental endpoints: The Mankin score of the model control group was significantly higher than that of the sham surgery group (blank 
control group). bP < 0.01, comparison with the sham-operated group. N-hUCMSCs: Serum-free human umbilical cord mesenchymal stems; S-hUCMSCs: Serum-
cultured human umbilical cord mesenchymal stem cells.

Figure 5 X-ray. Radiograph of the knee joint before the anatomical experiment. The experimental group can mice with reduced formation of osteoid in the knee 
joint. N-hUCMSCs: Serum-free human umbilical cord mesenchymal stems; S-hUCMSCs: Serum-cultured human umbilical cord mesenchymal stem cells.
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Figure 6 Histological images of cartilage tissue of knee joints of each group. The collagen II staining was strongest in the sham surgery group, 
weakest in the model control group, weakest in matrix metalloproteinase-1 and matrix metalloproteinase-13 staining in the sham surgery group (blank control group), 
and strongest in the model control group. MMP: Matrix metalloproteinase; N-hUCMSCs: Serum-free human umbilical cord mesenchymal stems; S-hUCMSCs: 
Serum-cultured human umbilical cord mesenchymal stem cells.

Figure 7 Western bolt. A: Western bolt original picture; B: The model control group had the lowest expression level of collagen II, while the blank control group 
had the highest expression level; C: The model control group had the highest expression level of matrix metalloproteinase-1, while the blank control group had the 
lowest expression level; D: The model control group had the highest expression level of matrix metalloproteinase-13, while the blank control group had the lowest 
expression level. bP < 0.01, comparison with the sham-operated group; cP < 0.05, comparison with the modeled control. MMP: Matrix metalloproteinase; N-
hUCMSCs: Serum-free human umbilical cord mesenchymal stems; S-hUCMSCs: Serum-cultured human umbilical cord mesenchymal stem cells.

Inflammatory factors are key components of most inflammatory processes. Therefore, multiple inflammatory factors 
are associated with the pathogenesis of OA. In patients with OA, cartilage matrix homeostasis is disrupted by proinflam-
matory cytokines and chemokines[31,32]. Studies on the cytokines and chemokines involved in the progression of OA 
have shown that IL-1, IL-6, and IL-8 are upregulated[33-35]. IL-6 is produced mainly by osteoblasts in the subchondral 
bone, as well as adipocytes in osteoarthritic osteophytes and infrapatellar fat pads under mechanical loading[36-38]. 
Stimulated chondrocytes produce IL-1. IL-1 and IL-6 can stimulate synovial cell proliferation and osteoclast activation, 
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thereby inducing the production of MMPs. MMPs are a zinc-dependent protein hydrolase family that can degrade 
extracellular matrix proteins. MMPs can be divided into MMP-1, MMP-8 and MMP-13. Their function is to degrade 
collagen and facilitate the decomposition of joint cartilage. These MMPs, especially MMP-13, are closely related to 
damage to the extracellular matrix of osteoarthritic joint cartilage. One of the substrates of MMP-13 is type II collagen, 
which is one of the most abundant structural components in joint cartilage[39]. Moreover, MMP-13 can activate various 
matrix MMPs, including MMP-9 and MMP-1, which are involved in the complete pathological process of OA[40]. 
Compared with that in wild-type mice, the degree of articular cartilage degradation in MMP-13 gene knockout mice is 
significantly lower[39]. Consistent with these findings, MMP-13 gene knockout in mice prolonged the time to end-stage 
OA in the early and middle stages (8 weeks, 12 weeks, and 16 weeks after meniscus injury, after surgery)[41]. In this 
study, knee OA was induced in mice through artificial modeling, and the therapeutic effect of knee joint injection of N-
hUCMSCs on OA was verified by determining the expression of IL-1β, IL-6, MMP-1, and MMP-13. hUCMSCs have been 
proven to treat and alleviate OA, but stem cell therapy has safety and ethical issues, and most of the studies utilized fetal 
bovine serum cultures, which can result in adverse immune rejection caused by xenogeneic cells. Therefore, this study 
aimed to identify specific N-hUCMSCs to assess their potential for treating OA.

The only difference in the primary control in this experiment was the different compositions of the drugs injected into 
the knee joint cavities of the mice with of OA. The therapeutic effects of intra-articular administration of S-hUCMSCs, N-
hUCMSCs and HA were demonstrated in this study. S-hUCMSCs, N-hUCMSCs and HA reduced the levels of the inflam-
matory from IL-6, and IL-1β (P < 0.05). Western blot and immunohistochemical analyses revealed increased collagen II 
expression and decreased MMP-1 and MMP-13 protein expression (P < 0.05). X-ray imaging and HE staining verified the 
alleviation of the progression of knee OA in mice (P < 0.05). HA is used as a clinical first-line agent in the conventional 
nonsurgical treatment of OA, and no differences were detected among the S-hUCMSC, N-hUCMSC and HA groups in 
this study. Therefore, the present study verified that N-hUCMSCs could effectively treat OA and were equipotent with 
conventional treatments.

Another finding of this study was that there were no animal deaths in either the blank control group or the model 
control group after knee joint cavity injection throughout the experiment, that animal mortality was greater in the experi-
mental group, and that animals died after all three injections. In this experiment, the first phase of knee injections was 
performed without anesthesia, the second phase of knee injections was performed under anesthesia, and the mortality 
rate of the animals in the experimental group was substantially reduced; however, there were no animal deaths in the 
control group, either in the first phase or the second phase. Accordingly, the knee joints of the C75BL/6 mice injected 
with S-hUCMSCs, N-hUCMSCs or HA were overstressed, leading to the death of the animals; this process could be 
carried out under anesthesia to reduce stress, and the concentration of the cells in the knee joint cavity of the C75BL/6 
mice and the dose have yet to be investigated. Ao et al[18] and Wei et al[42] reported that low concentrations and multiple 
injections increased safety and reduced adverse events while ensuring efficacy. As with any study, this report has some 
limitations. First, the number of mice studied in this study was small, and increasing the sample size could increase the 
reliability of the study. Second, multiple animal deaths occurred in this study, and more adequate pretesting should have 
been performed before the experiment began. Finally, to mitigate any uncertainties potentially caused by N-hUCMSCs, 
future preclinical studies should have an expanded study sample size and utilize primate animal experiments.

CONCLUSION
N-hUCMSCs had therapeutic effects on mice with OA, and the therapeutic efficacy of N-hUCMSCs was not significantly 
different from that of S-hUCMSCs or HA.
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