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Background: Rheumatoid arthritis model (CIA) rats were treated by tail vein injection of IL-10-modified bone marrow mes-
enchymal stem cells (BMSCs) to investigate its feasibility and intrinsic molecular mechanism.
Material/Methods: The CIA rat model was established by induction type Il collagen, and IL-10-modified BMSCs was established
by transfecting BMSCs with adenovirus. IL-10-modified BMSCs were used to treat the CIA rats. The therapeu-
tic effect was evaluated by measuring the changes in body weight, ankle swelling, and forced swimming time,
as well as observation of synovial hyperplasia and cartilage tissue repair by HE staining. Western blot analysis
and ELISA were used to detect gene expression.
Results: After 4 weeks and 8 weeks of treatment with IL10-BMSCs, the body weight, swelling value, resting time, and
forced swimming struggle time of CIA rats were significantly higher than those of BMSCs-treated and -untreated
ClA rats (P<0.05). Compared to BMSCs-treated CIA model rats, after treatment with IL10-BMSCs, the repair rate
of osteoarticular cartilage was higher and the inhibition of synovial proliferation was better, and serum IL-17,
IL-1B, and TNF-o levels were lower. We found that the protein level of SIRT1 in peripheral blood mononuclear
cells was lower, the protein level in spleen was higher, and phosphorylation of p65 protein in peripheral blood
mononuclear cells was reduced.
Conclusions: The efficacy of tail vein injection of IL-10-modified BMSCs in treatment of CIA rats was superior to that of
BMSCs alone, which may be related to the more pronounced suppression of IL-10-modified BMSCs in periph-
eral blood inflammation and spleen immune response.
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Background

Rheumatoid arthritis (RA) is an autoimmune disease charac-
terized mainly by chronic inflammation of the symmetric pe-
ripheral joints, joint swelling and pain, articular cartilage dam-
age and deformity, and eventual dysfunction [1]. For patients
with RA, synovial hyperplasia and tissue inflammation can cause
joint and surrounding tissue damage, resulting in joint defor-
mity and dysfunction. Lesions can affect all joints with syno-
vial membranes, with the hands and feet being the most com-
monly affected. Statistical studies had shown that the global
population incidence rate of RA is about 1-2%, and the ratio
of male to female patients is 1: 2.5. In China, the prevalence
of RA is lower than the global average, at about 0.2-0.4% [2].
At present, the therapeutic drugs for RA mainly achieve the
delay of disease progression by controlling inflammation [3].
With the deepening of RA research, various new agents had
been developed to treat RA, such as tumor necrosis factor-o
inhibitors and interleukin-1 antibodies [4,5]. In addition, some
therapeutic drugs targeting immune cells have also been de-
veloped and applied clinically; for example, the CTLA4-IgG1
fusion protein developed by Repligen has been approved for
clinical use in the treatment of graft-versus-host response [6],
and CD2 receptor antibodies and anti-T-cell therapies are at
different stages of clinical research [7,8].

Bone marrow mesenchymal stem cells (BMSCs) are bone mar-
row stromal cells that not only have mechanical support for
hematopoietic stem cells (HSCs) in the bone marrow, but also
secrete various growth factors (e.g., IL-6, IL-11, LIF, M-CSF, and
SCF) to support hematopoiesis [9,10]. BMSCs can differenti-
ate into various types of cells, such as osteoblasts, chondro-
cytes, and adipocytes [11,12]. Previous research has shown that
BMMSCs regulate immune responses, including suppressing
the proliferation of T lymphocytes and inhibiting the produc-
tion of inflammatory mediators [13,14]. These capabilities of
BMSCs can be used to treat various autoimmune diseases, such
as rheumatoid arthritis [15], multiple sclerosis [16], systemic
lupus erythematosus [17], and Crohn’s disease [18]. Many
studies [19] have shown that BMSCs transplantation affects
the treatment of RA. To improve the efficacy of BMSCs trans-
plantation in the treatment of RA, researchers have tried to
change the injection site of BMSCs, combined with other drugs
and other methods, but few studies have explored using ge-
netic engineering methods to transform BMSCs for the treat-
ment of RA.

IL-10 is a cytokine with immunosuppression and regula-
tion effects [20], but this has rarely been investigated in RA
patients [21,22]. Research using animal RA models showed
that IL-10 suppresses the immune response and inflammatory
reaction in vivo, and helps to relieve RA symptoms [23,24].
In the present study, we established a CIA rat model and used
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IL-10-modified BMSCs to treat the CIA rats to investigate its
feasibility and intrinsic molecular mechanism.

Material and Methods

Experimental animals and grouping

Clean-grade Wistar rats (female, 3 weeks old, 140-160 g)
adapted for feeding (room temperature 20-24°C, 12-h/12-h
light/dark cycle, and 60% humidity) for 1 week were used as
the experimental animals in this study, and they were ran-
domly divided into a normal group, a BMSCs group, an IL10-
BMSCs group, and a negative control group.

Rats in the normal group were fed normally. Rats in the BMSCs
group were used to establish the CIA rat model and were
treated with BMSCs. Rats in the IL10-BMSCs group were used
to establish the CIA rat model and were transplanted with the
IL-10-modified BMSCs for treatment. Rats in the negative con-
trol group were only used to establish the CIA rat model, but
were not treated.

Ethics statement

This study was performed in strict accordance with the NIH
guidelines for the care and use of laboratory animals. Animal
welfare and use of experiment complied with the Guide for
the Care and Use of Laboratory Animals. Our experiments
were approved by the Ethics Committee of The Third Hospital
of Hebei Medical University.

CIA rat model

For primary immunization, anesthetize rats received intra-
peritoneal injection of 2% sodium pentobarbital (Sinopharm
Chemical Reagent Co., Shanghai, China). The dorsal skin was
shaved, then sterilized with 75% alcohol. Intradermal injection
was performed by selecting 4-6 points from the base of the
tail to the back with 1 mL of chicken collagen type Il 1 mg/mL
emulsion. The normal group rats were injected with an equal
volume of sterile saline.

To strengthen immunity, 1 week after the first immunization,
each CIA rat was intraperitoneally injected with bovine type
Il collagen 1 mg/mL emulsion 0.5 mL. Normal group rats were
injected with an equal volume of sterile saline.

Isolation, culture, and identification of rat BMSCs
A 4-week-old female Wistar rat was selected for isolation of

rat femur and tibia BMSCs by density gradient centrifugation.
Rats were sacrificed by dislocating the cervical spine and placed
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in 75% alcohol for 15 min. Femurs and iliac bones were taken
under aseptic conditions. We washed the medullary cavity of
the femurs and iliac bones with 20 mL of serum-free LG-DMEM
medium plus 1 U/mL streptomycin (BBI Life Science, Shanghai,
China). L-DMEM (Sigma-Aldrich, MA, USA) added to 10% FBS
(Gibco, MA, USA) was used to culture BMSCs in a T25 flask
(NEST, Wuxi, China) with 3x10° cells/cm?.

The second-generation rat bone marrow mesenchymal stem
cells were harvested to obtain a single-cell suspension at a con-
centration of 1x10%/ml. We added 10 pl rat PE-CD90, FIFC-
CD44, PE-CD29, and PE-CD45 anti-human antibodies, incu-
bated at 4°C for 30 min and washed with PBS (135 mM NaCl,
2.7 mM KCl, 1.5 mM KH,PO,, 8 mM K,HPO,, pH=7.2). After
fixing with 4% paraformaldehyde, we performed flow cytom-
etry analysis (LSR I, BD Pharmingen, USA). All of the above
antibodies were purchased from BD Pharmingen.

Building and transplanting the IL10-BMSCs

The rat IL-10 gene sequence (NC_005112.4) was queried on
the NCBI, and the ends of the IL-10 sequence were added the
ends of the Sal | enzyme, then artificially synthesized (Sangon
Biotech, Shanghai, China). Construction of pDc316-IL10 recom-
binant plasmid on pDc316 plasmid recovered from Sal | en-
zyme (NEB, CT, USA) under the action of T4 DNase. The pDc316-
IL10 was transfected into HEK293 (ATCC, VA, USA) according
to the Lipofectamine 2000 liposome instructions and the ad-
enovirus was harvested after repeated freezing and thawing.
IL-10-modified BMSCs were established by transfecting BMSCs
with adenovirus.

At 2 weeks after the booster immunization, CIA rats were
scored by arthritis index (Al), and rats with a score greater
than 2 were selected as successful rats for the CIA model.
After 48 h of adenovirus infection of BMSCs, and when the
percentage of green fluorescent positive cells reached 90% as
assessed by fluorescence microscopy, the BMSCs was digested
by trypsin and prepared into 2x10%cells/mL of single-cell sus-
pension. We added 10 pmol/L Brdu (Sigma-Aldrich, MA, USA)
into the single-cell suspension, followed by culturing for 48 h.
After we harvested these cells, 2x10* normal BMSCs cells were
injected into the rats in the BMSCs group via tail vein injec-
tion, 2x10* IL 10-MSCs cells were injected into the rats in the
IL 10-BMSCs group via tail vein injection, and rats in the nor-
mal group and negative control group were injected with equal
amounts of PBS.

Growth, swelling, and organ index
We stipulated that OW was not measured before immuniza-

tion, 3W was before transplantation, 7W was 4 weeks after
BMSCs transplantation, and 12W was 8 weeks after BMSCs

ANIMAL STUDY

transplantation. At the 4 time points above, we measured the
weight of rats, the diameter of ankle joints of the same site,
and the organ index. Organ index=Spleen or thymus mass
(mg)/rat body weight (g).

Behaviors

Forced swimming was used to test the behavioral changes in
rats. The forced swimming time was 8: 30-11: 30 during the
day and 20: 30-23: 30 at night. One day before the exper-
iment, the rats were placed in a transparent plexiglass cyl-
inder 54 c¢cm in height, 93 cm in height, and 60 cm in depth.
The water temperature was 20-24°C, and 1 rat per cylinder
was adapted to swim for 1 min. The day of the experiment was
the same as the day before the experiment, the irrelevant ex-
perimenters randomly selected 6 min for video recording and
recorded the cumulative immobility time and struggling time
of rats. Immobility time refers to the fact that the rat stops
struggling to float in the water, or that only tiny limb move-
ments are used to keep the head above the water.

HE staining

The synovial tissues of the knee joints and their surrounding
tissues were taken from rats of each group, fixed in 10% neu-
tral buffered formalin, decalcified, dehydrated, rendered trans-
lucent, immersed in wax, and embedded in paraffin. Paraffin
blocks were serially sectioned (thickness 4 ym), and then they
were placed at room temperature for 10 min, and placed in
a 60°C oven for about 45 min. Then, samples were soaked in
hematoxylin dye (Solarbio, Beijing, China) for 5 min, washed
by ddH,0 for 1 min, backed to blue by 60°C ddH20 for 1 h,
stained by eosin Y staining solution (Solarbio, Beijing, China)
for 2 min, washed by ddH20 for 1 min, and subjected to gra-
dient dehydration by alcohol. Samples were mounted after
being rendered transparent by xylene, and then observed
with a microscope.

Western blotting

Rats were anesthetized with an intraperitoneal injection of 2%
sodium pentobarbital, and were fixed in supine position on
a clean bench. We collected 5-10 mL of rat peripheral blood
using the abdominal aorta blood collection method. The serum
was removed by centrifugation, and peripheral blood mono-
nuclear cells were isolated by density gradient centrifugation.

Tissue or cell lysates were separated by SDS-page and then
transferred to PVDF membranes. Primary antibody was se-
lected as follows: SIRT1 (ab110304, 1: 2000), p65 (ab16502,
1: 1000), p-p65(ab86299,1: 2000), PD-1 (ab214421, 1: 1000),
TGF-B1 (ab92486, 1: 1000), Foxp3 (ab20034, 1: 1000) or
GAPDH (ab8246, 1: 3000). Second antibody was selected as
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follows: goat anti-rabbit (ab150077, 1: 1000), or goat anti-rat
(ab150117, 1: 1000). Primary antibody was incubated over-
night at 4°C and second antibody was incubated for 1 h at
room temperature. Unless otherwise specified, all antibodies
were purchased from ABCAM (Cambridge, UK)

ELISA assay for IL-153, TNF-c, IL-10, and IL-17

Blood was drawn from about 1-cm capillaries under the eye-
lids, and serum was obtained after centrifuging at 3000 rpm
for 5 min. IL-1B (MitcSciences, USA), TNF-o. (Sangon Biotech,
Shanghai, China), IL-10 (Sangon Biotech, Shanghai, China),
and IL-17 (Sangon Biotech, Shanghai, China) ELISA kit for rats
were used to detect the IL-1B, TNF-o,, TGF-1, and IL-17 levels,
respectively, in serum.

Statistical analysis

SPSS 20.0 was used for statistical analysis. Data are expressed
as mean + standard deviation. The t test was used to compare
differences between 2 groups. One-way ANOVA was used to
compare differences between different groups, and Duncan
method was used as the post-test. P<0.05 indicated that a dif-
ference was statistically significant.

Results

Cultivation and identification of BMSCs

After 24 h of primary culturing of BMSCs, we observed a small
number of adherent cells that were spindle-shaped or polygo-
nal (Figure 1A). After 3-5 days of continuous cultivation, we ob-
served cell clones. Most of the clones were composed of spindle-
shaped, multifibrillating, fibroblast-like cells (Figure 1B, 1C),
and a few of the cloned cells were round and “cobblestone”
like a mixture of hematopoietic cells. There was up to 90% fu-
sion after 10-15 days of cultivation. The passaged cells were
basically adherent at 24 h and showed a uniform long spin-
dle shape with rapid proliferation. At 4-5 days after cell pas-
sage, the density of BMSCs cells reached 90%, and cells were
arranged in spirals or parallel bundles (Figure 1D). We found
that the cells can be transmitted for more than 10 generations
and kept the morphology and proliferation ability under light
microscopy that was passed by 5x103 cells/cm?.

Flow cytometry was used to identify surface molecular markers
of BMSCs, showing that CD29 (Figure 1E), CD44 (Figure 1F), and
CD90 (Figure 1G) were positive and CD45 (Figure 1H) was nega-
tive, indicating that BMSCs met the qualification requirements.
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IL10-BMSCs reduced RA symptoms in CIA rats

Normal group rats had normal eating activity, body weight grad-
ually increased, and the ankle joint gradually increased with
the extension of study time; therefore, there was an upward
trend in the determination of the normal rat ankle swelling
value. In the forced swimming test, normal group rats were
struggling most of the time. However, CIA model rats were de-
pressed and had mild hair loss symptoms during weeks 0-3
of modeling, eating was significantly reduced, the hindlimb
walking gradually became difficult, and the weight gain was
slow. At 7W and 12W, the weight and struggle time of rats in
the BMSCs group were significantly increased compared to CIA
group rats without any treatment (P<0.05). However, the weight
(Figure 2A), swelling value (Figure 2B), resting time (Figure 2C),
and struggle time (Figure 2D) of rats in the BMSCs group were
significantly less than in the IL10-BMSCs group (P<0.05). These
results suggest that IL10-BMSCs treatment improves the symp-
toms of RA in CIA group rats, and the effect was stronger than
the treatment without modified BMSCs.

IL10-BMSCs reduced synovial hyperplasia and promoted
cartilage tissue repair

Rat synovial membrane and its surrounding tissues were
stained with HE at 21 days after the CIA model was estab-
lished, and results show (Figures 3, 4) that the cartilage sur-
face of the normal group rats was smooth, and synovial tis-
sue cells were arranged neatly. However, synovial hyperplasia
occurred in CIA model rats, and some of the articular cartilage
showed significant erosion or ulceration, and we found syno-
vial, articular cartilage, and moderate-to-severe mixed inflam-
matory cell infiltration in the joint cavity. Synovial hyperpla-
sia and cartilage tissue damage of rats in the negative control
group worsened over time. After 4 weeks of treatment with
BMSCs, although no new cartilage was formed in the cartilage
injury site in the rats, fibroblast-like cells were observed in the
cartilage layer. After 4 weeks of treatment with IL10-BMSCs,
a small amount of new cartilage appeared in the IL10-BMSCs
group, and the boundary between the new cartilage and the
cartilage in situ was clear, but the arrangement of chondro-
cytes was still disorderly. For synovial hyperplasia, rats in the
BMSCs group and the IL10-BMSCs group were significantly
better than the negative control group at 7W.

At 12W, the new cartilage was obvious and the synovial hy-
perplasia was obviously improved in rats of the BMSCs group.
In the IL10-BMSCs group, the cartilage tissue had a smooth and
transparent surface and was well associated with adjacent car-
tilage, the cartilage repair was significantly better than that of
the BMSCs group, and the synovial hyperplasia was of the low-
est grade, which was close to that of the normal group. These
results suggest that IL10-BMSCs treatment reduces synoviocyte
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Figure 1. Culture of BMSCs and identification of their surface molecular markers. (A) Spindle-shaped morphology of the marrow cells
at day 1 (x10). (B, C) The number and size of the colonies gradually increased on days 3-5 (Cx20, Dx20). (D) A homogeneous
population of BMSCs in the first passage of cultured marrow cells (x10). (E-H) Assay of cell surface antigens on rat

mesenchymal stem cells.

hyperplasia and cartilage tissue repair in CIA rats, and the ef-
fect was better than that of unmodified BMSCs.

IL10-BMSCs reduced the circulating inflammation of CIA
rats

Serum inflammatory cytokines were detected by use of ELISA
kits, and we found that the serum IL-10 levels in CIA model
rats decreased and the serum levels of TNF-o, IL-17, and IL-1B
were increased after the completion of modeling. After 4 weeks
and 8 weeks with different treatments, the serum level of IL-10
(Figure 5A) in the IL10-BMSCs group was significantly higher
than that in the negative group and BMSCs group (P<0.05), and
the serum level of TNF-o (Figure 5B), IL-17 (Figure 5C), and IL-1B
(Figure 5D) in the IL10-BMSCs group was significantly lower
than that in the negative group and BMSCs group (P<0.05).

In addition, Western blotting was used to measure the expres-
sion of SIRT1 protein and phosphorylation of p65 protein in
peripheral blood mononuclear cells. As shown in Figure 5E-5G,
IL10-BMSCs significantly inhibited the phosphorylation of p65
protein and promoted the expression of SIRT1 protein in pe-
ripheral blood mononuclear cells of CIA rats. These results sug-
gest that IL10-BMSCs inhibits the inflammation of peripheral
blood mononuclear cells in CIA rats by inhibiting the SIRT1/p65-
mediated NF-xB signaling pathway.

IL10-BMSCs reduced immune response in CIA rats

Excessive immune response is one of the main reasons for the
development of RA diseases, and we found that the organ in-
dex of spleen and thymus in CIA rats was significantly higher
than in normal rats (Figure 6A, 6B). As shown in Figure 6C-6E,
after 4 weeks and 8 weeks with different treatments, the organ
index of rat spleen and thymus in the IL 10-BMSCs group was
significantly lower than that in the negative group and BMSCs
group (P<0.05). Moreover, the expression of PD-1, TGF-B1, and
Foxp3 protein in the spleen of IL10-BMSCs and BMSCs group
rats increased gradually. More importantly, the expression of
PD-1, TGF-B1, and Foxp3 protein in the spleen of IL10-BMSCs
rats was significantly higher than in the BMSCs group (P<0.05).

Discussion

IL-10 was first found to be synthesized and secreted by mu-
rine CD4+ Th2 cells and had the function of inhibiting the syn-
thesis of IFN-y by Th1-T cells. As the study progressed, the im-
munological characteristics of IL-10 were gradually revealed.
The main cells for synthesizing IL-10 were monocytes and mac-
rophages, and many other cells could also synthesize IL-10,
including CD4+T cells, CD8+ T cells, and B cells. In terms of
immunology, IL-10 has the ability to prevent the proliferation
of antigen-specific T cells, inhibit the ability of the antigen-
presenting cells to present, and inhibit the synthesis and ex-
pression of inflammatory cytokines and inflammatory media-
tors. IL-10 is a cytokine that inhibits the inflammatory response
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Figure 2. Results of rat weight, swollen ankle, and forced swimming test. (A) Changes in body weight at different time in different
groups of rats. (B) Changes in swelling of ankle joints at different times in different groups of rats. (C, D) Rat resting time (C)
and struggling time (D) in forced swimming test. Compared with negative control group, # P<0.05, # P<0.01, and ##* P<0.001.
Compared with BMSCs group, * P<0.05, ** P<0.01, *** P<0.001.

and immunosuppression of the body [25], so IL-10 was widely
used in the treatment of autoimmune diseases as a natural
immunosuppressive agent [26,27], which included RA [28].

When IL-10 was added to the culture medium of synoviocytes
from patients with RA in vitro, we could detect the decreased
expression of inflammatory factors such as IFN-y, TNF-o, and
IL-1B [29]. In addition, subcutaneous injection of IL-10 in clin-
ical practice could not only reduce the existing drug dosage in
patients with active RA, but also could reduce the serum lev-
els of TNF-o. and IL-1B in patients, and patients only showed
mild, reversible, dose-dependent reduction of platelets and he-
moglobin. These studies indicated that IL.-10 may be an im-
portant substance for endogenous immunosuppression in pa-
tients with RA, and direct injection therapy was safe and had
few adverse effects.

In the present study, based on observation of clinical symp-
toms such as weight, ankle swelling, and forced swimming
test, as well as pathological perspectives such as cartilage re-
pair and inhibition of synovial hyperplasia, we show that the
efficacy of IL10-BMSCs in treating CIA rats is superior to that
of unmodified BMSCs. We also found that the serum level of
IL-10 in the IL10-BMSCs group was significantly higher than
that in the BMSCs group (P<0.05), and the serum level of
TNF-a, IL-17, and IL-1f in the IL10-BMSCs group was signif-
icantly lower than that in the BMSCs group. We found that
IL10-BMSCs significantly inhibited the phosphorylation of p65
protein and promoted the expression of SIRT1 protein in pe-
ripheral blood mononuclear cells of CIA rats.

Previous studies had found that the serum level of IL-10 in RA
patients was lower than that in healthy people, but inflamma-
tory factors, such as IL-17 [30,31], IL-1B [32], and TNF-o [33],
were higher. In addition, the direct mechanism in RA model

Indexed in:  [Current Contents/Clinical Medicine] [SCI Expanded] [ISI Alerting System]
[ISI Journals Master List] [Index Medicus/MEDLINE] [EMBASE/Excerpta Medica]
[Chemical Abstracts/CAS]

This work is licensed under Creative Common Attribution-
NonCommercial-NoDerivatives 4.0 International (CC BY-NC-ND 4.0)




Tian S. et al.:
Treatment of rheumatoid arthritis using an IL-10-BMSCs model
© Med Sci Monit, 2019; 25: 2923-2934

ANIMAL STUDY

3w

Normal

12w

Negative control

BMSCs

IL10-BMSCs

Figure 3. Histological analyses by H&E staining at the indicated times during the osteochondral repair in 4 groups (x40).

animals or RA patients treated by injection of IL-10 was to in-
crease the peripheral blood IL-10 level. In vitro, when the im-
mune cell subsets were co-cultured with BMSCs, IFN-y secretion
was decreased from NK and Th1 cells, TNF-o. was decreased
from dendritic DC1 cells, but IL-4 was increased from Treg
cells and Th2 cells, and IL-10 was increased from DC2 cells.
This indicates that when BMSCs cells are in an inflammatory
environment, they inhibit NK cells, Th1, and other inflam-
matory cells to express inflammatory mediators, promote
anti-inflammatory cell signaling, and inhibit inflammatory cell
signaling. In conclusion, exogenous injection of BMSCs can
transform the body from a pro-inflammatory environment to

This work is licensed under Creative Common Attribution-
NonCommercial-NoDerivatives 4.0 International (CC BY-NC-ND 4.0)

an anti-inflammatory environment [34]. In the present study,
the decrease of pro-inflammatory cytokines in BMSCs-treated
CIA rats and increase in the content of anti-inflammatory cy-
tokine IL-10 also confirms this point. More importantly, the
IL10-BMSCs group had lower levels of pro-inflammatory cyto-
kines than the BMSCs group, and the levels of anti-inflamma-
tory cytokines were higher. This suggests that IL-10-modified
BMSCs have a stronger ability to reverse the body’s progres-
sion from a pro-inflammatory environment to an anti-inflam-
matory environment than unmodified BMSCs.
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Figure 4. Typical synovium in each group stained with H&E at 3, 7, and 12 weeks (x40).

The NF-kB signaling pathway is one of the most important sig-
naling pathways in mammalian cells, and it is widely present in
nodes of multiple cellular signaling pathways [35].When NF-xB
is activated, it can regulate various downstream inflammatory
factors and participate in the regulation of inflammatory re-
sponses [36]. SIRT1 is a broad histone deacetylase present in
human cells, and it regulates the expression of multiple tran-
scription factors, such as p53 [37], UCP2 [38], and NF-kB [36].
P65 is an important constituent protein in NF-xB, and it needs
to be acetylated to play its role. In the inflammatory response,
SIRT1 can use its deacetylation ability to reduce the acetyla-
tion of NF-kB p65 protein, thereby inhibiting the transcription

levels of inflammatory genes, including IL-17, IL-1B, and TNF-o
downstream of NF-kB. BMSCs can inhibit the body’s periph-
eral blood mononuclear cells SIRT1/p65-mediated NF-«B sig-
naling pathway to achieve the effect of inhibiting the body’s
inflammatory response, and IL10-BMSCs achieve this effect
better than BMSCs.

Autoimmune lymphocyte abnormalities are one of the causes
of RA, and we found that the organ index of spleen and thy-
mus in CIA group rats was higher than that of normal rats, but
decreased after treatment with 1L10-BMSCs and BMSCs. This
indicates that the immune response of CIA rats was stronger
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Figure 5. IL10-BMSCs reduced the circulating inflammation of CIA rats (n=5). (A-D) The serum levels of IL-10 (A), TNF-a (B), IL-17 (C),
and IL-1B (D) at different times in different groups. (E-G) Western blotting was used to detect the expression of SIRT1, p65,
and p-p65 protein in peripheral blood mononuclear cells. Compared with negative control group, # P<0.05, # P<0.01, and
### P<0.001. Compared with BMSCs group, * P<0.05, ** P<0.01, *** P<0.001.
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Figure 6. IL10-BMSCs reduced immune response in CIA rats (n=5). (A, B) The organ index of spleen (A) and thymus (B) in different
groups at different times. (C-E) Western blotting was used to detect the expression of PD-1, TGF-B1, and Foxp3 protein
in spleens at different times. Compared with negative control group, # P<0.05, # P<0.01, and *# P<0.001. Compared with
BMSCs group, * P<0.05, ** P<0.01, and *** P<0.001.

than that in normal rats, and the treatment of IL 10-BMSCs proteins in the spleen. PD-1 is a glycoprotein expressed on

reduced the immune response of CIA rats.

Previous studies confirmed that BMSCs have immunosup-
pressive effects, and their mechanisms were related to low
autoimmunity and inhibition of T lymphocyte immune re-
sponse [39,40]. However, IL10-BMSCs group rats not only
had significantly lower organ index than BMSCs group rats,
but also had lower expression of PD-1, TGF-1, and Foxp3

the cell surface and has immunosuppressive effects by inter-
acting with receptor PD-L1 or PD-L2 in T cells to inhibit TCR
signaling pathways [41,42]. Chemel et al. found that the ex-
pression of PD-1 in RA mice was significantly lower than that
in the normal group, while low expression of PD-1 aggravated
the progression of autoimmune reactions, which in turn stim-
ulated the development of RA [43]. TGF-B1 is a polypeptide
factor expressed on the cell surface or secreted into cells and
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has immunosuppressive effects; it plays an important regu-
latory role in the progression of RA disease [44,45]. Foxp3 is
specifically expressed on CD4+CD25+Tregs, but once Foxp3 is
deleted from CD4+CD25+Treg, it does not normally exert its
immunosuppressive function, while enhancing the activity of
CD4+CD25+ Treg cells was beneficial to the treatment of RA
by cytokines [46, 47].

Conclusions

The efficacy of IL-10-modified BMSCs in treatment of CIA rats
is better than that of unmodified BMSCs. This may be because
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IL10-BMSCs enter the body of CIA rats and can continue to in-
crease IL-10 levels in the body, leading to stronger inflamma-
tory suppression and immunosuppressive effects.

In the future, the effects of IL10-BMSC transplantation on the
phenotypic changes of immune cells in RA model rats, espe-
cially those associated with inflammation, should be explored.
In addition, altered microRNAs, IncRNAs, and other encoded
mRNAs can also be screened by sequencing.
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