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Rheumatoid arthritis is a common inflammatory autoimmune disease; tofacitinib and cyclophosphamide
have been discovered for the treatment of rheumatoid arthritis. However, single-agent therapy has limitations
and combination therapy has become a research hotspot. Nevertheless, studies on the combination therapy of
tofacitinib and cyclophosphamide have not been clearly reported. This study aims to investigate the efficacy
of their combination therapy at both cellular and animal levels, providing new references for the combination
therapy of rheumatoid arthritis. Tofacitinib and/or cyclophosphamide interventions were performed on
human fibroblast-like synoviocytes rheumatoid arthritis cells to assess cell proliferation, apoptosis levels, and
expression of inflammatory factors. In a rheumatoid arthritis animal model, joint tissue pathology, synovial
tissue apoptosis levels, inflammatory factors, bone metabolism, Janus kinase signal transducer and activator of
transcription signaling pathway and cluster of differentiation 4° T-cell balance were evaluated. The combined
treatment of tofacitinib and cyclophosphamide in human fibroblast-like synoviocytes rheumatoid arthritis cells
resulted in decreased cell survival rate, reduced levels of interleukin-1, interleukin-6, tumor necrosis factor
alpha, and B-cell lymphoma 2 messenger ribonucleic acid, increased B-cell lymphoma 2-associated protein X
messenger ribonucleic acid levels, and decreased receptor activator of nuclear factor kappa-B ligand, receptor
activator of nuclear factor kappa-B, C-terminal telopeptide of type I collagen, and N-terminal propeptide
of type I procollagen levels in rheumatoid arthritis animal models. Additionally, there was a decrease in
p-Janus kinase 2, and p-signal transducer and activator of transcription 3 protein expression levels, and
alterations in the frequencies of T helper type 1, T helper type 2, T helper type 17, and regulatory T cells.
Combining tofacitinib and cyclophosphamide can regulate cluster of differentiation 4* T-cell balance, inhibit
the p-Janus kinase 2/p-signal transducer and activator of transcription 3 pathway, reduce human fibroblast-
like synoviocytes-rheumatoid arthritis cell proliferation and inflammation progression, and enhance synovial
protection, leading to improved therapeutic efficacy compared to individual rheumatoid arthritis treatments.
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Rheumatoid  Arthritis (RA) is a prevalent
inflammatory joint disease characterized by joint
inflammation, proliferation, swelling, production
of autoantibodies, as well as cartilage and bone
destruction!?. Epidemiological studies have shown
that the global prevalence of RA is approximately 1
%, with relatively higher incidence in womenPl. As
a systemic and chronic immune disease, early-stage
RA patients often experience varying degrees of joint
activity disorders and pain, and in advanced stages,
joint stiffness and deformities may occur, resulting
in a higher disability rate*3. Currently, the primary
treatment strategy for RA focuses on reducing
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inflammation and alleviating swelling and pain.
In clinical practice, traditional disease-modifying
drugs, steroids, non-steroidal anti-inflammatory
drugs, and other therapies are commonly used for RA
treatment. In many cases, patients experience some
relief of symptoms after receiving monotherapy.
However, there are also patients who do not respond
to medication, exhibiting a phenomenon known as
drug resistance!®. Therefore, exploring combination
drug therapies for RA has become a hot topic in
clinical research.

The pathogenesis of RA involves complex regulation
of immune cells, immune factors, and signaling
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pathways!”#,  The long-term accumulation of
inflammation leads to synovial cell proliferation
and synovial thickening, which in turn results in the
destruction of cartilage and bone. Ultimately, this
leads to the loss of joint function®. Human Fibroblast-
Like Synoviocytes (HFLS) mediate immune
reactions and inflammation in the synovial region,
which is also a major pathogenic mechanism of RA.
The pathological and physiological mechanisms of
RA have not been fully elucidated. However, some
studies have indicated that immune reactions occur
before the onset of arthritis symptoms!'”). Therefore,
exploring the immune reactions of synovial cells
and the treatment mechanisms for RA is even more
important.

Research has found that adaptive immunity also
plays an important role in the pathogenesis of RA,
with T cells and B cells both involved to varying
degrees in the development of RA!!-131. By regulating
the balance between regulatory T cells (Treg) and T
helper 17 (T, 17) cells, the symptoms of RA can also
be improved!'*. In addition, during the pathogenesis
of RA, monocytes in the blood are recruited to
the synovial membrane and differentiate into pro-
inflammatory M1 macrophages. These macrophages
release various cytokines and chemokines such
as Tumor Necrosis Factor-Alpha (TNF-a),
Interleukin-6 (IL-6), and IL-1 Beta (). This leads to
the amplification of local inflammation and damage
in the synovial tissue!'>!%. The Janus Kinase (JAK)/
Signal Transducer and Activator of Transcription
(STAT) signaling pathway, as well as the cyclic
GMP-AMP Synthase-Stimulator of Interferon Genes
(cGAS-STING) pathway, are both involved in the
pathogenesis and progression of RA!”!8),

Tofacitinib (TOF) is a JAK inhibitor that has been
shown to inhibit the JAK/STAT signaling pathway.
By blocking the synthesis of various cytokines and the
occurrence of inflammatory immune responses, TOF
can help prevent the progression of RA!".. Although
TOF is a valuable option for the treatment of RA,
it is not without its limitations and drawbacks. The
incidence of herpes zoster infection may be higher in
patients undergoing treatment with TOF compared to
the general population of RA patients’!. Long-term
use of TOF may potentially increase the incidence
of malignancies®!. CP is an alkylating agent that
is widely used in the treatment of cancer as well as
autoimmune diseases such as RAP4. However, the
therapeutic effect of CP in RA is short-lived, and its
use is associated with serious toxicity and negative
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impacts on quality of life. It cannot be used long-
term and carries a risk of inducing malignancies!?.
Reports on the combined use of TOF and CP in the
treatment of RA are scarce. However, a study found
that in RA patients, pulmonary rheumatoid nodules
appeared during treatment with TNF inhibitors, and
CP treatment was ineffective. Subsequently, treatment
with TOF led to a rapid improvement in the patient’s
condition®!. This suggests that the combination of
TOF and CP may have distinct effects on immune
regulation in the treatment of RA.

Therefore, this study aims to investigate the
therapeutic efficacy of the combination of TOF and
CP in RA by utilizing cellular biology methods to
examine the changes in inflammatory factors and
bone metabolism levels in both in vitro and in vivo
RA models before and after treatment. Additionally,
the study aims to uncover the underlying mechanisms
of'action of this combination therapy, with the goal of
providing new research insights for the combination
treatment of RA.

MATERIALS AND METHODS

Cells culture:

HFLS-RA cells (IL-1f derived) were acquired from
the American Type Culture Collection (ATCC),
(Manassas, Virginia, United Sates of America (USA)).
These cells were cultured in Dulbecco’s Modified
Eagle Medium (DMEM) (Life Technologies)
supplemented with 10 % Fetal Bovine Serum (FBS),
(Hyclone) Laboratories, South Logan, Utah, USA)
in a humidified incubator at 37° with 5 % Carbon
dioxide (CO,).

Cell model and groups:

The HFLS-RA cells were divided into 4 groups;
control group, TOF group, CP group and TOF+CP
group. The TOF group cells were treated with TOF
(5 uM) for 24 h. The CP group cells were treated
with CP (5 uM) for 24 h.

Animal model:

Male DBA/1 mice (6-7 w old, weighing (18+2) g)
were randomly divided into 5 groups, with 8 mice per
group; control group, model group, TOF group, CP
group, and TOF+CP group. A 1:1 mixture of bovine
type II collagen (2 mg/ml) acetic acid solution and
complete Freund’s adjuvant (5 mg/ml) was prepared
to form an emulsion, which was kept for later use.
Except for the control group mice, the rest of the
mice were injected intradermal at the base of the tail
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with the aforementioned mixture emulsion (0.1 ml)
on the 1%t d. After 7 d, a second booster immunization
was performed at the same site with the same
mixture emulsion (0.1 ml). On the 31% d after the
initial immunization, the mice were observed for
toe swelling, and the appearance of inflammatory
erythema or joint deformity indicated successful
replication of the RA model.

Animal model treatment:

After successful replication of the RA model, mice in
each group were given daily intraperitoneal injections
of the corresponding drugs. In the TOF group and
CP group, mice were given intraperitoneal injections
of TOF at a dose of 0.6 mg/kg and CP at a dose of
0.6 mg/kg, respectively, twice a week for duration
of 30 d. The day after the last administration, mice
were sacrificed, and blood was collected for serum
separation and storage. The left ankle and tibia joints
were collected and fixed with 4 % paraformaldehyde.
Decalcification was performed using a 10 %
Ethylenediaminetetraacetic Acid (EDTA) solution.
After dehydration in a graded ethanol series, the
samples were embedded in paraffin, sliced, and
stained with Hematoxylin and Eosin (H&E).
Pathological changes in the ankle and tibia joint
tissues of mice in each group were observed under
an optical microscope. The right knee joint was taken
separately, and the synovial tissue of the knee joint
was bluntly dissected and stored in a -80° ultra-low
temperature freezer for future use.

3-(4,5-Dimethylthiazol-2-yl)-2,5
Tetrazolium Bromide (MTT) Assay:

Diphenyl

Logarithmic-phase HFLS-RA cells were seeded at a
density of 5000 cells per well in 96-well plates with
complete culture medium. The following day, cell
interventions were performed according to the drug
treatment. Six parallel wells were set up for each
treatment. After the intervention was completed,
the culture medium was removed and 20 pl of MTT
solution with a concentration of 5 g/l was added to
each well for 4 h. After dissolving the MTT crystals
with 200 pl of dimethyl sulfoxide, the Optical Density
(OD) values of each treatment group were detected
at 450 nm using an Enzyme Linked Immunosorbent
Assay (ELISA) reader.

ELISA:

The IL-1, IL-6, TNF-a, Receptor Activator of
Nuclear Factor Kappa-B Ligand (RANKL), RANK,
C-Terminal Telopeptide of Type I Collagen (CTX-I)
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and N-Terminal Propeptide of Type I Procollagen
(PINP) contents in cells and serum were measured
using an ELISA kit from Abcam. Briefly, we prepared
a series of diluted standard solutions and added the
samples to separate test tubes. Then, we added the
enzyme to each test tube and incubated the mixtures
at 37° for 10 min. After the incubation, the reaction
was stopped, and the OD was measured at 450 nm
using a spectrophotometer.

Quantitative Real-Time Polymerase Chain Reaction
(qQRT-PCR):

Total Ribonucleic Acid (RNA) from cells and
synovial tissue were isolated using the Trizol reagent
(Invitrogen, Carlsbad, California, USA), following
the product instructions. Quantitative RT-PCR was
then performed with Glyceraldehyde 3-Phosphate
Dehydrogenase (GAPDH) as the control. The relative
expression of B-cell lymphoma 2 (Bcl-2) and Bcl-
2-Associated Protein X (BAX) were calculated
using the 22T method. The primer sequences
used in this study were as follows; Bcl-2: forward
5’-GGTGGGGTCATGTGTGTGG-3> and reverse
5’-CGGTTCAGGTACTCAGTCATCC-3’;  BAX,
forward 5’-GCGCTCGTGTTTCTGGACA-3’ and
reverse 5’-AGTATAGACACTCGTCACTGGTG-3’;
GAPDH, forward
5-ACGGATTTGGTCGTATTGGGCG-3’ and
reverse 5’-GCTCCTGGAAGATGGTGATGGG-3".

Western blot assay:

Total proteins were extracted in synovial tissue
using Radioimmunoprecipitation assay lysis buffer
(Solarbio) and quantified with a bicinchoninic acid
assay kit (Solarbio). 20 mg of proteins were then
separated by sodium dodecyl sulfate-polyacrylamide
gel electrophoresis (Solarbio) and transferred onto
Polyvinylidene fluoride membranes (Millipore,
Massachusetts, USA). Following blocking with 5 %
skim milk, the membranes were incubated for 1 h
at room temperature with primary antibodies against
JAK?2, pJAK2, STAT3 and pSTAT3. B-tubulin was
used as a control. All antibodies were sourced from
Abcam.

Immune cell balance assay:

Mononuclear lymphocytes were isolated from
collected DBA/1 mice blood and then subjected to a
flow cytometry analysis to determine the percentages
of T,1,T,2, T, 17 and T, cells in the peripheral blood.
The T, cells were identified using Forkhead box P3
(FOXP37). T, 1 cells were detected with the use of
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T-bet’, while T,2 cells were detected with Gata-3".
Lastly, T, 17 cells were spotted using RORyt". All
sourced from Invitrogen.

Statistical analysis:

All data were presented as mean+Standard Deviation
(SD) and analyzed using GraphPad Prism 8.0
Software. One-way Analysis of Variance (ANOVA)
followed by Tukey’s multiple comparisons test was
performed for intergroup comparisons. p<0.05 was
considered statistically significant. All experiments
were repeated at least three times to ensure the
reliability of the results.

RESULTS AND DISCUSSION

To investigate the effects of the combination of
TOF and CP, the study will first conduct in vitro
experiments to validate the changes in cell survival
rate and apoptosis-related genes in HFLS-RA cells
after intervention with the combination therapy.
Based on the results shown in fig. 1, when compared
to the control group using HFLS-RA as the baseline,
cell survival rate decreased after 24 h of intervention
with either TOF or CP alone. However, when TOF
was combined with CP, the cell survival rate further
decreased and was significantly lower than that of the
TOF or CP alone groups. The excessive proliferation
of RA synovial cells is a manifestation of RA. In
this case, the level of cell apoptosis was detected

using RT-qPCR. Compared to the control group,
the expression level of Bcl-2 mRNA significantly
decreased in the TOF group, while the expression
level of BAX mRNA significantly increased in
the TOF group. Compared to the TOF or CP alone
groups, the TOF+CP group showed a significant
decrease in Bcl-2 mRNA expression level and a
significant increase in BAX mRNA expression level.
Indeed, these results indicate that the combination of
TOF and CP can enhance the inhibition of HFLS-RA
cell proliferation as shown in Table 1.

In the progression of RA, inflammation is inevitably
involved. Although the effectiveness of RA in
reducing osteoarthritis has been confirmed, it is
still unknown whether the combination of TOF and
CP can achieve this effect. Therefore, this study
compared the levels of inflammatory factors before
and after combination therapy (Table 2). Compared
to the control group, the levels of IL-1, IL-6, and
TNF-a were reduced in both the TOF and CP alone
groups, but only the TOF group showed a significant
decrease. Compared to the TOF or CP alone groups,
the TOF+CP group showed a significant decrease in
the levels of IL-1, IL-6, and TNF-a. By detecting
the levels of inflammatory factors, it is once again
confirmed that the efficacy of TOF combined with
CP in reducing inflammatory factors in HFLS-RA
cells is stronger than that of using either drug alone,
especially for CP.

Control TOF
e
s L 4 v
CP TOF+CP
- ;'.
" - . .
- ' L 7
- \

Fig. 1: HE staining from synovial tissue
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TABLE 1: EFFECT OF TOF AND CP INTERVENTION ON THE PROLIFERATION OF HFLS-RA CELLS

Group Cell survival rate (%) Bcl-2 mRNA BAX mRNA
Control 99.8+0.05 2.16x0.05 0.58+0.21
TOF 84.3615.62* 1.34+0.07* 1.22+0.06*
CpP 97.15+3.75 2.110.11 0.55+0.03
TOF+CP 65.28+1.06% 0.66+0.03/ 1.97+0.16%¢

Note: *p<0.05 vs. the control group; #p<0.05 vs. the TOF group and &p<0.05 vs. the CP group
TABLE 2: EFFECT OF TOF AND CP INTERVENTION ON THE INFLAMMATION CYTOKINE OF HFLS-RA

CELLS

Group IL-1 (pg/ml) IL-6 (pg/ml) TNF-a (pg/ml)
Control 130.21+6.12 10.84+0.14 50.28+3.26
TOF 97.53+3.74* 8.25+0.12* 21.35+1.49*
CpP 127.26+5.05 9.74+0.09 46.51+1.53
TOF+CP 42.64+3.17% 2.43+0.05% 12.34+0.98

Note: *p<0.05 vs. the control group; #p<0.05 vs. the TOF group and &p<0.05 vs. the CP group

Through preliminary in vitro experiments, we have
not only discovered that the combination of TOF
and CP can inhibit HFLS-RA cell proliferation
and reduce inflammation levels, but we have also
identified a unique synergistic effect of TOF and
CP in combination. During the treatment of RA, it
is not only about inhibiting inflammation, but the
ultimate focus lies in improving the synovial tissue
of the joints. In the collagen-induced RA animal
model using DBA/1 mice, the levels of RANKL,
RANK, CTX-I, and PINP were measured. Compared
to the control group, these levels were significantly
reduced in the TOF group. Compared to the TOF
or CP groups, there was a significant reduction in
the levels of RANKL, RANK, CTX-I and PINP. In
addition, observation through H&E staining (fig. 2)
revealed significant inflammatory infiltration in the
synovial tissue of the control group mice, including
HFLS and osteoclasts. The arrangement of synovial
tissue cells was irregular, and there was evident
proliferation and swelling. Compared to the TOF or
CP groups, the TOF+CP group exhibited significant
improvement in synovial tissue proliferation and
osteoclast infiltration as shown in Table 3.

To strengthen our hypothesis, we performed another
round of assessments on the levels of inflammation
and apoptosis in the synovial tissue of RA mice.
The results, as shown in Table 4, indicate that
compared to the control group, the levels of IL-1,
IL-6, and TNF-a were significantly reduced in the
TOF group. Compared to the TOF or CP groups, the
TOF+CP group exhibited a significant reduction in
the levels of IL-1, IL-6, and TNF-a. In Table 5, it
was found that the expression level of Bcl-2 mRNA
in the TOF group was significantly lower than that
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in the control group, while the expression level of
BAX mRNA was significantly higher than that in the
control group. Compared to the TOF or CP groups,
the TOF+CP group exhibited a significant decrease
in Bcl-2 mRNA expression and a significant increase
in BAX mRNA expression.

The preceding research has demonstrated that the
combination of TOF and CP synergistically improves
the progression of RA. In order to investigate the
mechanism of action of TOF in combination with
CP, we examined the roles of cell signaling and
immune regulation in this process separately. By
assessing the phosphorylation levels of JAK/STAT
pathway proteins, it was observed that the expression
levels of pJAK2 and pSTAT3 were the lowest in the
TOF+CP group, and significantly lower than in the
TOF group or CP group. Furthermore, in comparison
to the control group, the expression levels of pJAK2
and pSTAT3 proteins were significantly lower in
the TOF group and CP group (fig. 2). Experimental
results from fig. 3 and Table 5 revealed that, in
comparison to the control group, both the TOF group
and CP group exhibited a significant reduction in
the cell frequencies of T,1 and T,2, along with a
significant increase in the cell frequencies of T, and
T, 17. Compared to the TOF group or CP group, the
TOF+CP group demonstrated a further significant
decrease in the cell frequencies of T, 1 and T, 2, and a
further significant increase in the cell frequencies of
T _ and T, 17.

reg
RA is a chronic autoimmune disease characterized
by synovial inflammation, joint damage, and
systemic complications!®). The aim of this study
is to investigate the combined therapeutic effect of
TOF and CP on the progression of RA. Combined
therapy is not a novel concept, as numerous studies
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have previously proposed combination therapies for
RAP%27, This study conducted research experiments
from both in vitro and in vivo perspectives, focusing
on aspects such as cell proliferation, levels of
inflammatory factors, bone metabolism, and joint
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repair. [taimed touncover the actions and mechanisms
of TOF+CP, ultimately revealing the synergistic
effects present in this combination therapy. This will
provide new insights into addressing the adverse
effects of monotherapy and drug resistance, offering
potential solutions to these challenges.
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Fig. 2: Effect of TOF and CP treatment on JAK/STAT pathway of RA mice and protein levels of JAK2, STAT3, pJAK2 and pSTAT3

detected by Western blot assay

TABLE 3: EFFECT OF TOF AND CP TREATMENT ON BONE METABOLIC FACTOR OF SYNOVIAL TISSUE

Group RANKL (ng/l) RANK (ng/1) CTX-1 (pg/ml) PINP (ng/l)
Control 17.52+1.84 8.72+0.74 53.14£5.75 0.08+0.013
TOF 13.26+1.28* 6.82+0.61* 39.55+4.93* 0.06+0.011*
cP 17.071.31 8.16£0.57 51.25+4.86 0.08:0.018
TOF+CP 6.85+1.117% 3.18+0.427% 17.89+4.747% 0.02+0.0147

Note: *p<0.05 vs. the control group; #p<0.05 vs. the TOF group and &p<0.05 vs. the CP group

TABLE 4: EFFECT OF TOF AND CP TREATMENT ON INFLAMMATION OF SYNOVIAL TISSUE

Group IL-1 (pg/ml) IL-6 (pg/ml) TNF-a (pg/ml)
Control 388.24+64.32 39.44+5.12 15.72+1.54
TOF 321.05+58.91* 26.91+3.29* 12.88+1.13*
cP 378.57+47.26 34.86+4.08 15.01+1.04
TOF+CP 190.47+20.73%* 18.95+2.17% 7.63:1.03%*

Note: *p<0.05 vs. the control group; #p<0.05 vs. the TOF group and &p<0.05 vs. the CP group

TABLE 5: EFFECT OF TOF AND CP TREATMENT ON APOPTOSIS OF SYNOVIAL TISSUE

Group Bcl-2 mRNA BAX mRNA
Control 1.35+0.11 0.73+0.33
TOF 0.84+0.08* 1.53+0.12*
cp 1.67+0.01 0.56+0.09
TOF+CP 0.26+0.05* 3.14+0.08"

Note: *p<0.05 vs. the control group; #p<0.05 vs. the TOF group and &p<0.05 vs. the CP group
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Fig. 3: The frequency of CD4" T-cell subsets for flow cytometry, (A): Gata-3" (T, 2 cells) and T-bet" (T, 1 cells) were analyzed by flow
cytometry and (B): Foxp3* (Treg cells) and RORyt" (T, 17 cells) were analyzed by flow cytometry

In the progression of RA, damage to the synovial
tissue of the joints and inflammation often occur,
both of which are typically in the later stages of the
disease. Guagnano, et al.*®, have suggested that
reducing the occurrence of inflammation can serve as
an indicator for evaluating RA treatment. Manman,
et al. found that upregulating IL-6 and TNF-a
exacerbates the inflammatory response in RA[P,
Furthermore, a study suggests that inflammatory
factors in RA can enhance drug permeation by
overcoming the skin’s stratum corneum barrier,
increasing drug bioavailability?®®. It is evident that
regulating the levels of inflammatory factors plays
a crucial role in the treatment of RA. In both in vivo
and in vitro experiments, this study found that the
combined therapy of TOF+CP significantly reduced
the levels of inflammatory factors IL-1, IL-6, and
TNF-a. Furthermore, CP did not exhibit a significant
effect in this process, as there was no significant
difference observed between the CP group and the
control group when compared. A similar trend was
observed in the experiments involving the inhibition
of synovial cell proliferation and the repair of joint
bones in the TOF+CP group.

Additionally, we assessed the protective effect of
TOF+CP on joint tissues in a collagen-induced
RA mouse model. The combination therapy
significantly reduced the levels of bone resorption
and degradation markers, including RANKL,
RANK, CTX-I, and PINP. Histological analysis also
revealed that, in comparison to the TOF group or
CP group, the TOF+CP group exhibited improved
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synovial tissue morphology. These results suggest
that the combination therapy not only inhibits
inflammation but also provides protection against
bone and joint damage. In the research by Ma, et
al.BY, the traditional Chinese medicine Hongjingtian
was found to downregulate RANKL-related mRNA
and protein expression to inhibit bone destruction in
the treatment of RA. The study by Liu, ef al.B%, also
indicates that the combination therapy reduces RA by
downregulating the expression of RANKL and RANK
proteins. The research demonstrated a reduction in
bone turnover associated with bone metabolism-
related genes like CTX-I and serum procollagen type
IN peptidel***4. In the process of demonstrating the
synergistic promotion of RA treatment by TOF+CP,
the limitations of monotherapy were overcome. To
elucidate its mechanism of action, we investigated
immune regulation and the JAK/STAT pathway.

Compared to monotherapy, the combination therapy
significantly reduced the phosphorylation levels of
JAK?2 and STAT3. This indicates that TOF+CP can
inhibit the activation of the JAK/STAT pathway,
which is involved in the inflammatory response.
Furthermore, the combination therapy resulted in a
further reduction in the frequency of T, 1/T, 2 cells and
an increase in the frequency of Thl7/Treg cells. This
suggests that the combination therapy promotes a
shift towards an anti-inflammatory immune response.
Interestingly, in this study, the monotherapy of CP
did not exhibit effects similar to TOF, either in vitro
or in vivo. The standalone intervention of CP did
not significantly reduce inflammatory factor levels,
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regulate bone metabolism, or inhibit HFLS-RA
proliferation. Guo, et al.*, research found that after
the intervention with active ingredients, HFLS-RA
cell proliferation was significantly inhibited. In this
study, the combination therapy, when compared to
CP alone, demonstrated the ineffective role of CP in
inhibiting cell proliferation, reducing inflammatory
factor levels, and regulating bone metabolism.
However, in the final experimental study, it was
found that CP played a significant role in inhibiting
the phosphorylation of JAK2 and STAT3 proteins and
regulating the balance of CD4" T-cells. CP has been
reported as a treatment standard for inflammation,
while JAK inhibitors are a treatment choice for
RAPY. The development of treatments for RA is
closely intertwined with this disease. Therefore,
even though CP may not directly regulate the levels
of inflammatory factors in this study, it serves as a
mediator by inhibiting the JAK/STAT pathway and
utilizing JAK/STAT to control the progression of
inflammation.

Furthermore, the JAK/STAT pathway has been
reported to mediate IL-6, TNF-a, IL-17, and
RANKLP7. It’s worth noting that T, 17 cells exhibit
plasticity in the pathogenesis of RA and may
serve as a novel therapeutic target!’®. Research
by Abimannan, et al™®), has found that reducing
the frequencies of T 17 and T,1 cells during the
treatment of RA patients can inhibit the production
of TNF-a and IL-6, providing a new approach for
targeted therapy. These studies provide strong
evidence of the significant effects of CP in inhibiting
the JAK/STAT pathway and regulating the balance
of CD4" T-cells. Furthermore, our research revealed
that the combination therapy had distinct effects in
terms of its mechanisms of action and performance
indicators. In summary, through our research, we
have elucidated that the combination of TOF and
CP in the treatment of RA plays significant roles
individually in inhibiting cell proliferation, reducing
inflammatory factor levels, promoting joint repair,
inhibiting the JAK/STAT pathway, and regulating
CD4" T-cell balance. Ultimately, they work together
to produce a synergistic effect.

The combination of TOF and CP can exert effects
in inhibiting RA cell proliferation, reducing
inflammatory factors, and protecting against bone
and joint damage. This effect is closely related to
the synergistic promotion associated with inhibiting
JAK/STAT pathway activation and enhancing the
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T 2/T,1 and Treg/Th17 balance. This study provides
new insights into the limitations of monotherapy and
the potential benefits of combination therapy in the
treatment of RA.
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