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Abstract: Objective: To explore the molecular mechanism of umbilical cord blood mesenchymal stem cells 
(UCBMSCs) in the treatment of advanced osteoarthritis pain. Methods: Normal healthy rats were selected to es-
tablish advanced osteoarthritis (OA) model, and the rats were randomly divided into control group, intravenous 
group, intracavitary group and intrathecal group. The intravenous group received intravenous injection of UCBMSCs, 
intracavitary group received intra-articular injection of UCBMSCs, and intrathecal group received subarachnoid in-
jection of UCBMSCs. The pain behavior and serum pro-inflammatory factor levels were evaluated before and after 
treatment. microRNA-29a-3p and FOS mRNA in spinal dorsal horn was detected using qPCR, the phosphorylation 
of c-fos protein and NR1, NR2B, ERK and PKCg was detected using Western blot, and the level of LncRNA H19 was 
detected using qPCR. Results: LncRNA H19 was enriched in the exosomes of UCBMSCs. microRNA-29a-3p was the 
target gene of LncRNA H19, while FOS was the downstream target of microRNA-29a-3p. Pain and inflammation 
of rats in the intrathecal group improved best, and the phosphorylation levels of c-fos and NR1, NR2B, ERK and 
PKCg in the spinal dorsal horn of the intrathecal group decreased. LncRNA H19 regulated the central sensitization 
of astrocytes through microRNA-29a-3p/FOS axis. Conclusion: Intrathecal injection of umbilical cord blood mesen-
chymal stem cells can improve the pain and central sensitization of advanced osteoarthritis through LncRNA H19/
microRNA-29a-3p/FOS axis.
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Introduction

According to International Association for the 
Study of Pain, pain symptoms caused by 
somatosensory nervous system diseases or 
diseases are collectively called Neuropathic 
pain (NP) [1]. The clinical manifestations of NP 
are abnormal allergy to external stimuli and 
harmful response to non-harmful stimuli [2]. NP 
has a negative impact on patients’ quality of 
life and limits their normal life [3]. According to 
statistics, the prevalence rate of NP in general 
population is 6.9-10% [4]. There are various 

incentives for NP, which leads to no optimal 
treatment to improve the pain symptoms of NP 
patients [5]. Therefore, this article aimed to dis-
cuss a safe and effective treatment.

Stem cells have strong regeneration ability and 
have potential to differentiate into other cell 
types [6]. Stem cell therapy has broad clinical 
therapeutic potential, and many studies have 
shown that stem cells can be used to treat 
heart disease, osteoarthritis and Crohn’s dis-
ease [7-9]. Stem cell therapy has a promising 
therapeutic prospect for relieving NP pain. 

http://www.ajtr.org
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Studies have confirmed that mesenchymal 
stem cells may alleviate NP caused by spinal 
cord injury. Clinically, there are also reports [11] 
indicates that stem cell therapy can interfere 
with the intensity of nerve pain in a certain peri-
od of time. Although stem cell therapy has cer-
tain therapeutic potential in NP, the mechanism 
of stem cell action in NP is still unclear.

The expression of c-fos is closely related to 
pain. The expression of c-fos in frontal cortex, 
thalamus and periaqueductal gray increased 
significantly after nerve injury [12], while the 
expression of c-fos caused changes in nerve 
activity [13, 14], so c-fos can be used as a 
nerve marker to evaluate pain [15]. Previous 
studies [16] showed that NP induced the 
expression of c-fos protein in anterior cingulate 
cortex of brain, and drug inhibition of c-fos 
could alleviate the pain degree of NP. Therefore, 
studying the expression changes of c-fos in NP 
is helpful to study the mechanism of related 
treatments in NP.

Pain caused by advanced osteoarthritis (OA) is 
one of the main types of NP. In this study, the 
pain model of advanced osteoarthritis in rats 
was induced by monosodium iodoacetate 
(MIA), and the therapeutic effects of different 
injection of umbilical cord blood mesenchymal 
stem cells (UCBMSCs) on advanced OA pain 
were compared. At present, there are few stud-
ies on stem cell therapy for central sensitiza-
tion of advanced OA pain. This study will dis-
cuss the role of UCBMSCs in central sensitiza-
tion of advanced OA pain.

Method

Advanced OA pain model

Thirty-five healthy Wistar rats (145-175 g) were 
selected to adapt to the environment for one 
week before modeling, with normal drink and 
food and free movement. The animal experi-
ment was approved by the Sichuan Academy of 
Medical Sciences & Sichuan Provincial People’s 
Hospital Ethics Committee, and the experimen-
tal operation conformed to animal ethics. 
Before establishing advanced osteoarthritis 
(OA) model, rats were anesthetized with 2-4% 
isoflurane and injected with 50 L MIA into right 
knee joint. A total of 28 rats were successfully 
modeled. Twenty-eight rats were randomly 
divided into control group, intravenous group, 

intracavitary group and intrathecal group. The 
intravenous group received intravenous injec-
tion of UCBMSCs, the intracavitary group 
received intra-articular injection of UCBMSCs 
and the intrathecal group received subarach-
noid injection of UCBMSCs. Pain behavior 
assessment referred to the research of 
Kimmerling and others [17]. The markers of 
UCBMSCs including CD105, CD44, CD34 and 
CD45 were detected by flow cytometry. The  
levels of inflammatory factors containing IL-1/
IL-2/IL-6/IL-10/MCP-1/TNF-α were detected by 
ELISA. The rats were anesthetized with 2% iso-
flurane until they stopped breathing after all 
pain behavioral evaluations. The neurons of 
spinal dorsal horn were extracted, and the RNA 
and protein levels were detected by qPCR and 
Western blot.

Separation and screening of exosomes

Cell suspension was centrifuged at 1*105 g for 
8 h. After that, the cells were cultured in 1640 
medium (containing 10% FBS) at 37°C with 5% 
CO2. After the cells were cultured to 80~90% 
coverage rate, the supernatant of culture medi-
um was collected and exosomes were extract-
ed. Exosome was centrifuged at 1*105 g for 1.5 
h, and the sediment of exosome in lower layer 
was collected. PBS buffer was added to the 
exosome precipitate and the buffer was blown 
repeatedly. Exosome markers TSG101 and 
CD63 were detected by flow cytometry.

Culture and transfection of astrocytes in vitro

Astrocytes were purchased from ATCC cell 
bank. The cells were cultured in 1640 medium 
(Hyclone Company) at 37°C with 5% CO2, and 
after the cells were cultured to 80~90% cover-
age rate, subsequent experiments were carried 
out. Cells with 1*105 were inoculated into the 
6-well plate and cultured with medium without 
FBS. The microRNA-29a-3p inhibitor, FOS 
siRNA, NC siRNA and NC inhibitor vectors were 
purchased from Beijing Tiangen company 
(China). Lipofectamine 2000 transfection kit 
(Invitrogen, USA) was applied for transfection. 

qPCR

Total RNA in astrocytes or spinal dorsal horn  
of rats was extracted by Trizon reagent 
(Invitrogen, California, USA). The mRNA expres-
sion of microRNA-29a-3p and FOS mRNA was 



The mechanism of mesenchymal stem cells for advanced osteoarthritis pain

1247	 Am J Transl Res 2021;13(3):1245-1256

quantified by TaqMan One Step RT-qPCR kit 
(Solarbio, Beijing, China). The reaction system 
and reaction procedure referred to the kit 
instructions. U6 and GAPDH were used as con-
trol genes. RNA expression was quantitatively 
analyzed by QuantStudio™ 7 Flex real-time fluo-
rescence quantitative PCR (Applied Biosystems, 
USA). The relative expression of RNA was nor-
malized by 2-ΔΔCt method. Primers were obtained 
from Beijing Tiangen Company.

Western blot

RIPA lysis buffer was used to lyse cells. The 
lysate was centrifuged for 20 min and then pre-
cipitate was discarded. A total of 50 mL super-
natant was taken for determining the concen-
tration of protein by BCA kit (Thermo Fisher). 
SDS-PAGE electrophoresis was used to sepa-
rate proteins. The filter membrane was polyvi-
nylidene fluoride membrane (EMD millipore 
company). The primary antibodies of protein 
were added and placed at 4°C overnight. Then 
the polyvinylidene fluoride membrane was 
washed by PBS three times. The secondary 
antibody was added onto the polyvinylidene 
fluoride membrane at room temperature for 1h. 
Finally, ECL luminescent solution was used for 
visualization treatment. The internal reference 
protein was β-actin. The antibodies such as 
c-fos (1:1000), NR1 phosphorylation (1:1000), 
NR2B phosphorylation (1:1000), PKCγ phos-
phorylation (1:1000), ERK phosphorylation 
(1:1000) and β-actin (1:1000) were purchased 
from Abcam Company (Shanghai, China).

Double luciferase reporter gene

Starbase3.0 and Targetscan 7.2 were applied 
to analyze the pairing relationship among RNA 
sequences. pmirGLO vector were constructed 
with LncRNA H19 or FOS wild type (containing 
microRNA-29a-3p binding site) and LncRNA 
H19 or FOS mutant (without microRNA-29a-3p 
binding site), respectively. The above vectors 
were transfected into cells respectively, and 
the luciferase intensity was detected by dual 
luciferase reporter gene detection system 
(Promega).

RIP

Wild type LncRNA H19 (with microRNA-29a-3p 
binding site) and mutant LncRNA H19 (without 
microRNA-29a-3p binding site) with MS2 hair-

pin structure were constructed. The above vec-
tors were transfected into the cells respective-
ly, and after 48 h, they were immunoprecipitat-
ed by Magna RIPTM RNA binding protein immu-
noprecipitation kit (Milipore Company). Then 
RNA was purified, and the enrichment degree 
of microRNA-29a-3p was quantified by qPCR.

Statistical analysis

The experimental measurement data were 
expressed as mean ± standard error. KS test 
confirmed that the data conformed to normal 
distribution. One-way ANOVA was used to com-
pare the data among multiple groups, and 
Dunnett-t was used for pair-wise comparison 
afterwards. The data between the two groups 
were compared by independent sample t-test. 
When P<0.5, there are statistical differences 
between groups. 

Results

UCBMSCs improved the advanced OA pain and 
inflammatory

In this study, the pain behavior of rats in each 
group was evaluated by Von frey abosolute 
threshold, change of disability analysis score, 
poor weight bearing and body weight. Figure 1 
showed that compared with the control group, 
the threshold of Von frey abosolute in rats treat-
ed with UCBMSCs increased, while the disabili-
ty analysis score and load-bearing difference 
decreased. Among them, the threshold of Von 
frey abosolute in group 3 was the largest, while 
the disability analysis score and load-bearing 
difference were the smallest. There was no  
significant difference in body weight among 
groups. Advanced OA pain is often accompa-
nied by severe inflammatory reaction. There- 
fore, serum inflammatory factors (IL-1/IL-2/
IL-6/IL-10/MCP-1/TNF-α) were used to evalu-
ate the inflammatory response of rats in each 
group. Figure 2 showed that compared with the 
control group, the levels of serum IL-1, IL-2, IL-6, 
MCP-1 and TNF-α in rats treated with umbilical 
cord blood mesenchymal stem cells decreased 
while IL-10 increased, among which the levels 
of IL-1, IL-2, IL-6, MCP-1 and TNF-α in group3 
were the lowest, while IL-10 was the highest. 
The above results indicated that UCBMSCs can 
improve pain and inflammation in advanced 
OA.
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Figure 1. Therapeutic effect of umbilical cord blood mesenchymal stem cells on advanced OA pain. A: Changes of 
Von frey abosolute threshold in each group. B: Changes of disability analysis scores in each group. C: Change of 
load-bearing difference of each group. D: Changes of body weight in each group. *** indicates P<0.001. E: The 
cartilage tissue of osteoarthritis in each group was stained with HE, and the samples were taken after osteoarthritis 
modeling and before treatment.

UCBMSCs regulated miR-29a-3p/FOS axis 
through exosome lncRNA H19 in advanced OA 
pain

Figure 3A-D showed that CD105, CD44, CD45 
and CD34 were analyzed by flow cytometry, and 
CD105 and CD44 were positive, while CD45 
and CD34 were negative. Figure 3E and 3F 
showed that TSG101 and CD63, the exosome 
surface markers isolated from mesenchymal 
stem cells, were analyzed by flow cytometry, 

and TSC101 and CD63 were positive. LncRNA 
H19 was highly expressed in exosomes isolat-
ed from mesenchymal stem cells. Figure 3H is 
an electron micrograph of exosomes. Figure 3 
showed that lncRNA H19 was highly enriched in 
exosomes secreted by UCBMSCs.

To study the role of LncRNA H19 in the regula-
tion of advanced OA pain, this research applied 
starbase3.0 and Targetscan7.2 to predict the 
downstream targets of LncRNA H19. Figure 4 
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showed that microRNA-29a-3p was the down-
stream target gene of LncRNA H19, while FOS 
was the downstream target gene of microRNA-
29a-3p, and microRNA-29a-3p was positively 
correlated with FOS. 

UCBMSCs regulated central sensitization me-
diated by microRNA-29a-3p/FOS axis through 
exosome lncRNA H19 in advanced OA pain

The result 2.2 suggested that microRNA-
29a-3p/FOS axis regulated by exosome lncRNA 
H19 may be the molecular mechanism of 
UCBMSCs to improve the pain of advanced OA. 
Therefore, miR-29a-3p and c-fos protein encod-
ed by FOS gene were detected in spinal dorsal 
horn of each group. Figure 5 showed that com-
pared with the control group, microRNA-29a-3p, 
FOS mRNA and c-fos protein in spinal dorsal 
horn of each group were down-regulated after 
UCBMSCs treatment, and the levels of microR-
NA-29a-3p, FOS mRNA and c-fos protein in 
group 3 were the lowest. Phosphorylation of 
NR1, NR2B, ERK and PKC is directly related to 
central sensitization. To understand whether 

UCBMSCs regulate pain through central sensiti-
zation, the phosphorylation levels of NR1, 
NR2B, ERK and PKC in spinal dorsal horn of 
each group were also detected. Compared with 
the control group, the phosphorylation levels of 
NR1, NR2B, ERK and PKCg in spinal dorsal 
horn of each group treated with UCBMSCs 
decreased, and the phosphorylation levels of 
NR1, NR2B, ERK and PKCg in group 3 were the 
lowest. The above results indicated that 
UCBMSCs are closely related to central sensiti-
zation in advanced OA pain.

The activation of astrocytes is closely related to 
central sensitization. The result 2.2 showed 
that microRNA-29a-3p was the target gene of 
LncRNA H19, so this part will discuss the influ-
ence of LncRNA H19/microRNA-29a-3p axis on 
astrocytes to study the regulation of this axis 
on central sensitization of advanced OA pain. 
Figure 6 showed that exo-LncRNA H19 and 
microRNA-29a-3p inhibitor could down-regu-
late microRNA-29a-3p in astrocytes, inhibit 
FOS mRNA and c-fos protein, and decrease 
phosphorylation levels of NR1, NR2B, ERK and 

Figure 2. Therapeutic effect of umbilical cord blood mesenchymal stem cells on advanced OA inflammation. A: 
Changes of serum IL-1 in each group. B: Changes of serum IL-2 in each group. C: Changes of serum IL-6 in each 
group. D: Changes of serum IL-10 in each group. E: Changes of serum MCP-1 in each group. F: Changes of serum 
TNF-a in each group. * indicates P<0.05, ** indicates P<0.01, *** indicates P<0.001.
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Figure 3. Determination of mesenchymal stem cells and exosomes. A-D: Flow cytometry was used to analyze the 
surface markers CD105, CD44, CD45 and CD34 of mesenchymal stem cells, in which CD105 and CD44 were 
positive, while CD45 and CD34 were negative. E, F: Exosome surface markers TSG101 and CD63 isolated from 
mesenchymal stem cells were analyzed by flow cytometry, and TSC101 and CD63 were positive. G: LncRNA H19 
was highly expressed in exosomes isolated from mesenchymal stem cells. H: Electron micrograph of exosome, with 
the scale of 200 nm.

PKCg. The above results indicated that exo-
LncRNA H19 inhibited FOS expression through 
microRNA-29a-3p and decreased the sensitiza-
tion activity of astrocytes.

c-fos protein encoded by FOS gene was an 
important factor in regulating pain. Figure 7 
showed that exo-LncRNA H19 could down-regu-
late FOS mRNA and c-fos protein in astrocytes, 
and decrease phosphorylation levels of NR1, 
NR2B, ERK and PKCg. The above results indi-

cated that exo-LncRNA H19 reduced the sensi-
tization activity of central nerve cells by down-
regulating FOS and its encoded protein.

Discussion

After intervention of UCBMSCs for rats with 
advanced OA pain, the pain degree has been 
improved obviously, and the effect of intrathe-
cal injection is the best, which indicates that 
UCBMSCs can improve pain, and intrathecal 
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Figure 4. Molecular mechanism of umbilical cord blood mesenchymal stem cells in the treatment of advanced OA 
pain. A: Predicted binding sites of microRNA-29a-3p and FOS mRNA. B: Pearson analyzed the correlation between 
microRNA-29a-3p and FOS mRNA. C: Double luciferase reporter gene verified the targeting relationship between mi-
croRNA-29a-3p and FOS mRNA. D: Predicted binding site of LncRNA H19 and microRNA-29a-3p. E: microRNA-29a-
3p was enriched in LncRNA H19. F: Double luciferase reporter gene verified the targeting relationship between 
microRNA-29a-3p and LncRNA H19. 

Figure 5. Effects of umbilical cord blood mesenchymal stem cells on microRNA-29a-3p, FOS and central sensitiza-
tion. A: microRNA-29a-3p expression in spinal dorsal horn of each group. B: FOS mRNA expression in spinal dorsal 
horn of each group. C: c-fos protein level in each group. D: Changes of NR1 phosphorylation level in spinal dorsal 
horn of each group. E: Changes of NR2B phosphorylation level in spinal dorsal horn of each group. F: Changes of 
ERK phosphorylation level in spinal dorsal horn of each group. G: Changes of PKCg phosphorylation level in spinal 
dorsal horn of each group. H: Western blot. * indicates P<0.05, ** indicates P<0.01, *** indicates P<0.001.

injection is more beneficial to improve pain. 
However, the mechanism of UCBMSCs to 

improve pain is not clear, so this paper dis-
cussed this.
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Figure 6. Role of microRNA-29a-3p in advanced OA. A: exo-Lncrna h19 and microRNA-29a-3p inhibitor caused 
microRNA-29a-3p down-regulation. B: exo-Lncrna H19 and microRNA-29a-3p inhibitor caused FOS mRNA down-
regulation. C: exo-Lncrna H19 and microRNA-29a-3p inhibitor caused the down-regulation of c-fos protein. D: The 
down-regulation of microRNA-29a-3p resulted in the decrease of NR1 phosphorylation level. E: microRNA-29a-3p 
down-regulated the phosphorylation level of NR2B. F: The down-regulation of microRNA-29a-3p resulted in the de-
crease of ERK phosphorylation level. G: The down-regulation of microRNA-29a-3p resulted in the decrease of PKCg 
phosphorylation. H: Western blot. * indicates P<0.05, ** indicates P<0.01.

Exosomes secreted by mesenchymal stem 
cells contain a variety of non-coding RNA, which 
can be transferred to other cells through vesi-
cles and can regulate the biological functions 
of cells by targeting downstream genes. Many 

studies [18-20] have confirmed the authenticity 
of this mechanism. H19 Imprinted Materially 
Expressed Transcript (H19) gene is located on 
chromosome 11, and its coding product is long-
chain non-coding RNA (LncRNA) H19. LncRNA 
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H19 is an important regulator of tumors or 
other diseases. At present, it has been found 
that LncRNA H19 participates in the occur-
rence and development of different diseases 
by adsorbing miRNA or DNA by sponge [21, 22]. 
In this study, it was found that LncRNA H19 was 
enriched in exosomes secreted by umbilical 
cord blood mesenchymal stem cells, which may 
indicate that exosomes LncRNA H19 may play a 
role in improving pain by UCBMSCs.

The pain model of advanced osteoarthritis in 
rats was induced by MIA, and UCBMSCs were 
injected intrathecally. qPCR was used to detect 
the abnormally expressed genes in spinal dor-
sal horn. The results indicated that microRNA-
29a-3p and FOS mRNA were down-regulated 
after stem cell therapy, suggesting that microR-
NA-29a-3p and FOS might play a role in pain 
improvement. In this paper, it was found that 
microRNA-29a-3p was the target gene of 
LncRNA H19, and can regulate the FOS expres-
sion of its target gene through the binding site 
by using starbase3.0 and Targetscan7.2. Pea- 
rson analysis showed that microRNA-29a-3p 
was positively correlated with FOS, and the 

results of double luciferase reporter gene 
showed that FOS was the downstream target 
gene of microRNA-29a-3p. In addition, the 
results of RIP and double luciferase reporter 
gene also showed that LncRNA H19 could 
sponge microRNA-29a-3p through its base 
sequence of 3’UTR segment.

c-fos protein was encoded by FOS gene, which 
was an important factor in regulating pain. In 
this paper, we found that c-fos in spinal dorsal 
horn of rats was significantly down-regulated 
after UCBMSCs treatment, which may be the 
reason for pain improvement. NR1, NR2B, 
PKCγ and ERK are biochemical indicators of 
NP, and their phosphorylation level is closely 
related to pain sensitization [23-26]. The phos-
phorylation levels of NR1, NR2B, PKCγ, ERK in 
spinal dorsal horn were detected. It was found 
that the phosphorylation levels of NR1, NR2B, 
PKCγ, ERK in spinal dorsal horn of rats with 
advanced OA pain decreased significantly after 
intervention of UCBMSCs, indicating that the 
central sensitization of rats with advanced OA 
pain decreased and the pain symptoms 
improved. In the central nervous system, the 

Figure 7. Role of FOS in osteoarthritis pain. A: exo-Lncrna H19 and FOS siRNA caused FOS mRNA down-regulation. B: 
c-fos protein was down-regulated by exo-Lncrna H19 and FOS siRNA. C: FOS down-regulation caused the decrease 
of NR1 phosphorylation level. D: Western blot. E: FOS down-regulation caused the decrease of NR2B phosphory-
lation level. F: FOS down-regulation caused the decrease of ERK phosphorylation level. G: FOS down-regulation 
caused the decrease of PKCg phosphorylation level. * indicates P<0.05, ** indicates P<0.01.
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activity of astrocytes is closely related to cen-
tral sensitization. The expression of microRNA-
29a-3p and FOS in astrocytes was regulated, 
and the phosphorylation levels of NR1, NR2B, 
PKCγ and ERK in astrocytes were observed. 
The results indicated that down-regulation of 
microRNA-29a-3p or FOS resulted in the 
decrease of phosphorylation levels of NR1, 
NR2B, PKCγ and ERK in astrocytes.

According to the above results, it is speculated 
that exocrine LncRNA H19 secreted by 
UCBMSCs regulates the central sensitization of 
advanced OA pain through microRNA-29a-3p/
FOS axis, thus relieving pain. Although LncRNA 
H19/microRNA-29a-3p/FOS axis is considered 
to be the mechanism of central sensitization of 
UCBMSCs in the treatment of advanced OA 
pain (even NP), this paper only discussed the 
model of advanced OA pain. The relationship 
between LncRNA H19/microRNA-29a-3p/FOS 
axis and sciatic nerve pain model will be further 
studied in future studies.

To sum up, we found that exocrine LncRNA H19 
secreted by UCBMSCs regulated the central 
sensitization of pain in advanced osteoarthritis 
by targeting the microRNA-29a-3p/FOS axis of 
astrocytes. This finding indicated that microR-
NA-29a-3p/FOS axis might have potential value 
in pain target therapy, and it is worth further 
exploring its clinical application value in the 
follow-up study.
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