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chitinase-3-like Background: Dieckol (DEK), the main phlorotannin of brown algal, has been regarded as a
protein-1; powerful anti-inflammatory agent in various diseases. Rheumatoid arthritis (RA) is a typi-

collagen-induced cal inflammatory autoimmune disease affecting synovial joints. However, the pharmaceutical
arthritis; effect of DEK on RA is still waiting to be unveiled.

Dieckol; Methods: A collagen-induced arthritis (CIA) rat model was established and DEK was adminis-

inflammatory tered intraperitoneally for three weeks. Paw swelling and histologic analysis were performed
response to evaluate CIA progression. Inflammatory cytokine and oxidative biomarker expression

were assessed by real-time quantitative polymerase chain reaction (RT-qPCR) and enzyme-
linked immunosorbent assay (ELISA). Vascular endothelial growth factor A (VEGFA) expres-
sion in synovial joint was assessed by immunoblotting and immunofluorescent (IF) staining.
TdT-mediated dUTP nick-end labeling (TUNEL) staining was used to evaluate chondrocyte
apoptosis. Western blot assay was performed to determine the expression level of nuclear
erythroid-derived 2-like 2 (Nrf2), chitinase 3-like protein 1(CHI3L1) and apoptosis-specific pro-
teins. Finally, CHI3L1 overexpression was used to explore its essential role in the biological
effect of DEK in vivo.

Results: DEK treatment significantly ameliorates paw swelling, inflammatory cell infiltration,
chondrocyte apoptosis and vascular pannus formation in CIA rats. Moreover, inflammatory
cytokine and oxidative biomarker expression was also attenuated by DEK treatment. Notably,
DEK treatment obviously promoted Nrf2 nuclear import and CHI3L1 expression in synovial
joint. Overexpression of CHI3L1 by AVV-mediated transfection abrogated the pharmaceutical
effect of DEK in vivo.

Conclusion: This study provides a promising translational potential of DEK as an anti-rheumatic
drug facilitating RA clinical treatment.
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Introduction

Rheumatoid arthritis (RA) is a prevalent inflammatory
autoimmune disease that affects various tissues and
organs, particularly the synovial membranes and cartilage
within the joints." It is estimated that approximately 0.75%
of the global population suffers from RA, with a notably
higher prevalence among females than males.?® RA leads
to significant destruction of synovial joints and bones,
resulting in a substantial decline in the quality of life for
elderly individuals. Unfortunately, existing therapeutic
strategies for RA face numerous challenges. For exam-
ple, immunosuppressive and hormone-based medications
can induce multiple side effects, including hyperglycemia,
delayed wound healing, and potentially life-threatening
opportunistic infections. Moreover, macromolecular drugs
are often expensive, creating a considerable economic
burden on society. As a result, the development of effec-
tive chemical medications derived from natural plants
holds great promise for improving outcomes for patients
with RA.

Dieckol (DEK) is a bioactive phlorotannin derived from
brown algae that has garnered significant attention for
its health benefits.* Research has demonstrated that DEK
exhibits potent antioxidant, anti-inflammatory, and anti-
tumor properties. Kyung-A Byun et al. reported that DEK
could ameliorate diet-induced muscle atrophy by inhibiting
muscular lipid deposition. Additionally, Shouqiang Zhang
et al. found that DEK functions as an antitumor agent
for osteosarcoma through the AKT/mTOR signaling path-
way. Ziyao Li et al. reported that DEK inhibits inflamma-
tory responses and nociception in animal models.>” While
previous studies have primarily focused on the therapeu-
tic potential of DEK in cancer and nonalcoholic fatty liver
disease (NAFLD), there is limited knowledge regarding its
pharmacological effects on the progression of RA.

Inflammatory cell infiltration and vascular pannus
development significantly accelerate the progression of
RA and contribute to joint destruction.® The imbalanced
immune response in RA is primarily mediated by cytokine
pathways, particularly those involving the interleukin (IL)
family, tumor necrosis factor (TNF) family, and interferon
(IFN) family. These pathways shape the microenvironment
into a pro-inflammatory phenotype.>*"® Additionally, exces-
sive inflammation may trigger endothelial cell migration,
leading to the formation of neovascular pannus. This neo-
vascularization, in turn, introduces more pro-inflammatory
cytokines into the synovial joints, further exacerbating RA.
Therefore, targeting the inflammatory response and inhib-
iting vascular pannus formation are two crucial areas of
focus in RA treatment.

Chitinase 3-like protein 1 (CHI3L1) is reported to be
involved in multiple pathological processes. Notably,
CHI3L1 alleviates post-traumatic osteoarthritis by neu-
tralizing intracellular reactive oxygen species (ROS)."
Oxidative stress is a key biological process in the etiology
of RA, where ROS accumulation leads to pro-inflammatory
activation.”? Levels of malondialdehyde (MDA), superoxide
dismutase (SOD), and glutathione peroxidase (GSH-Px) in
serum are commonly used indicators of oxidative stress
in vivo. Erythroid-derived 2-like 2 (Nrf2) is a primary cel-
lular regulator of oxidative stress.” Yang Song et al. first

reported the relationship between CHI3L1 and Nrf2, but
their specific roles in RA progression remain to be fully
elucidated."

In this study, we elucidated how DEK ameliorates RA
progression in CIA rats by inhibiting the inflammatory
response, vascular formation, chondrocyte apoptosis, and
oxidative stress. On the molecular level, DEK enhances the
import of Nrf2 and decreases the expression of CHI3L1 in
synovial joints. Furthermore, the overexpression of CHI3L1
via AVV-mediated transfection abrogated the pharmaceu-
tical effect of DEK in vivo. Our findings position DEK as a
promising plant-derived candidate for the clinical treat-
ment of RA.

Materials and Methods
Animals and CIA model establishment

Male Wistar rats (8 weeks old; n = 6 per group) were
obtained from the Shanghai SLAC Animal Company
(Shanghai, China). The rats were maintained under spe-
cific pathogen-free (SPF) conditions with continuous
access to food and water." All animal experiments were
approved by Hebei Medical University (Approval No.
IACUC-Hebmu-2023061).

CIA rat models were developed following a previously
published study.” Briefly, a 100 pg emulsion containing
bovine collagen Il (1220-02S, Southern Biotech, USA) and
Freund’s complete adjuvant (FCA; F5881, Sigma, USA) was
subcutaneously injected around the base of the rat’s tail
on days -7 and 0, respectively. The DEK treatment group
received intraperitoneal injections of DEK solution three
times a week for 21 days. The AAV-CHI3L1 virus was pro-
vided by Genomeditech (Shanghai, China). AAV-CHI3L1
virus (50 pL) was intraarticularly injected into the synovial
joints to overexpress CHI3L1. In the animal experiments
described, different groups of male rats were used to
assess the effects of various treatments. In the first exper-
iment (Figure 1), 30 male rats were subdivided into five
groups: 1) control group: rats immunized with phosphate-
buffered solution (PBS); 2) FCA group: CIA model rats;
3) FCA + DEK (5 mg/kg) group: CIA model rats treated with
5 mg/kg DEK; 4) FCA + DEK (10 mg/kg) group: CIA model rats
treated with 10 mg/kg DEK; 5) FCA + DEK (20 mg/kg) group:
CIA model rats treated with 20 mg/kg DEK. In the second
experiment (Figure 6), 24 male rats were subdivided into
four groups: 1) FCA group: CIA model rats; 2) FCA + DEK
(20 mg/kg) group: CIA model rats treated with 20 mg/kg
DEK; 3) FCA + DEK (20 mg/kg) + AAV-CHI3L1 group: CIA
model rats treated with 20 mg/kg DEK and AAV-CHI3L1;
4) FCA + AAV-CHI3L1 group: CIA model rats treated with
AAV-CHI3L1 alone. The swelling of the hind paws in the rats
was quantified using a Vernier caliper.

Hematoxylin-eosin (H&E) and immunofluorescent
(IF) staining

After 21 days of treatment, the rats were sacrificed, and
their hind paws were collected for histological analysis.
The tissue samples were fixed in 4% paraformaldehyde,
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DEK ameliorates arthritis progression in CIA rats. (A) The chemical structure of Dieckol. (B) The degree of hind

FCA+DEK (20mg/kg)

paw swelling was measured by two independent blinded observers. (C) Representative H&E staining of synovial joints in rats.
(D) Quantification of paw injury scores based on H&E staining images in (C). ***indicates p < 0.001 compared with the control
group. #indicates p < 0.05 and *#indicates p < 0.001 compared with the FCA group.

decalcified, embedded in paraffin, and sectioned into
5-pum-thick slides for H&E and IF staining. Both H&E and
IF staining were performed as previously described.’
The following antibodies were used in IF staining: Anti-
VEGF Antibody (1:200; sc-7296; Santa Cruz Biotechnology,
USA); Anti-Nrf2 Antibody (1:200; sc-365949; Santa Cruz
Biotechnology, USA); Alexa Fluor® 594 Conjugated Anti-
mouse IgG (1:1000; 8890S; Cell Signaling Technology, USA).
Finally, the nuclei were counterstained with 4',6-diamidi-
no-2-phenylindole (DAPI; D9542; Sigma-Aldrich, USA) for 7.5
min, and images were captured using a fluorescence micro-
scope (Leica, USA).

TdT-mediated dUTP nick-end labeling (TUNEL)
staining

A One Step TUNEL Apoptosis Assay Kit (C1089; Beyotime,
Shanghai, China) was used for cartilage TUNEL staining,

Table 1 Primer sequences used in RT-qPCR.

Gene Sequence

IL-1B Forward 5-AGCAGCTTTCGACAGTGAGG-3’
Reverse 5-CTCCACGGGCAAGACATAGG-3’

TNF-a Forward 5-ATGGGCTCCCTCTCATCAGT-3'
Reverse 5-GCTTGGTGGTTTGCTACGAC-3’

IL-6 Forward 5-CTCTCCGCAAGAGACTTCCAG-3’
Reverse 5-TTCTGACAGTGCATCATCGCT-3'

IFN-y  Forward 5-ATGAGTGCTACACGCCGCGTCTTGG-3’
Reverse 5-GAGTTCATTGACAGCTTTGTGCTGG -3’

following the manufacturer’s instructions. Subsequently,
the nuclei were counterstained with DAPI solution for 7.5
minutes, and images were captured using a fluorescence
microscope (Leica, USA). The TUNEL+ chondrocytes were
counted.

RNA isolation and real-time quantitative
polymerase chain reaction (RT-qPCR)

Following a 21-day treatment period, the rats were sacri-
ficed, and their hind paws were collected for RNA isolation
and RT-gPCR analysis. Total RNA was isolated using a com-
mercial RNA Easy Fast isolation kit (DP451; Qiagen, China).
Subsequently, cDNA was synthesized using a Takara cDNA
synthesis kit (Takara Bio, Tokyo, Japan). RT-gPCR was per-
formed using an ABI 7500 PCR system (Applied Biosystems,
USA). All the primer sequences used in the RT-gPCR are
listed in Table 1. The PCR data were analyzed using the
2-%2CT method.

Enzyme-linked immunosorbent assay (ELISA)

Following a treatment period of 21 days, the rats were sac-
rificed, and serum samples were collected for ELISA assays
to evaluate inflammatory cytokine expression. The ELISA
assays were performed according to the instructions pro-
vided by the manufacturers. The following commercial
ELISA assay kits were utilized in this study: Rat IL-1 beta
ELISA Kit (ab255730; Abcam, USA); Rat TNF alpha ELISA
Kit (ab236712; Abcam, USA); Rat IL-6 ELISA Kit (ab234570;
Abcam, USA); Rat IFN gamma ELISA Kit (ab239425;
Abcam, USA).
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MDA, SOD, and GSH-Px measurement

After 21 days of treatment, the rats were sacrificed, and
serum samples were harvested to measure MDA, SOD,
and GSH-Px levels for evaluating oxidative stress. A Lipid
Peroxidation (MDA) Assay Kit (Colorimetric; ab118970;
Abcam, USA), a SOD1 (Rat) ELISA Kit (Colorimetric;
E4584-100; Biovision, USA), and a GSH-Px (Rat) ELISA Kit
(Colorimetric; E4584-100; BH-R101646; Bohu Biotech,
China) were used to evaluate oxidative stress according to
the instructions provided by the manufacturers. Finally, a
microplate reader (M200, TECAN, USA) was used to detect
the absorbance of the samples.

Immunoblotting

After 21 days of treatment, the rats were sacrificed,
and total proteins from their hind paws were isolated
using 1% SDS lysis buffer (Beyotime, Shanghai, China)
along with 1% protease and phosphatase inhibitor cock-
tail (Pierce, Rockford, USA). Additionally, nuclear pro-
teins from the hind paws were isolated using the Nuclear
and Cytoplasmic Protein Extraction Kit (Beyotime,
Shanghai, China) to evaluate Nrf2 nuclear translocation.
Immunoblotting was performed as previously described."”
Briefly, protein samples were separated on a 10% SDS-
PAGE gel, electro-transferred to PVDF membranes,
blocked with 5% bovine serum albumin, and then incu-
bated overnight at 4°C with the relevant primary anti-
bodies. The specific primary antibodies used in this study
included: VEGFA (1:1000; ab214424; Abcam, USA); GAPDH
(1:5000; ab37168; Abcam, USA); cleaved-caspase 3 (1:500;
ab2302; Abcam, USA); Bax (1:1000; ab32503; Abcam,
USA); Bcl-2 (1:2000; ab182858; Abcam, USA); Nrf2 (1:1500;
ab92946; Abcam, USA); Lamin B (1:1000; ab32535; Abcam,
USA); CHI3L1 (1:1000; ab77528; Abcam, USA). Following
incubation with primary antibodies, the membranes were
further incubated with a secondary antibody (1:5000;
ab6721; Abcam, USA) at room temperature for 1 hour.
The protein signals were detected with enhanced che-
miluminescence (Bio-Rad). ImageJ software was used to
quantify band density.

Statistics

This study presents data as the mean + standard devia-
tion (SD), with each assay conducted at least three times.
Student’s t-test or one-way analysis of variance (one-way
ANOVA) was used to compare results from different groups.
A p < 0.05 was considered statistically significant. SPSS
22.0 software (SPSS Inc., Chicago, IL) was used to analyze
all data.

Results
DEK ameliorates arthritis progression in CIA rats

The chemical structure of DEK is illustrated in Figure 1A.
To elucidate the effect of DEK on arthritis progression in

CIA rats, we first established CIA rat models and admin-
istered various concentrations of DEK intraperitoneally.
As shown in Figure 1B, CIA model rats exhibited signif-
icant and persistent paw swelling, as evidenced by an
increased paw diameter. Compared to the FCA model
group, the administration of DEK resulted in a dose-de-
pendent reduction in paw swelling. Furthermore, H&E
staining of the hind paws, conducted 21 days after mod-
eling, demonstrated that DEK treatment significantly
ameliorated synovial hyperplasia, cartilage erosion, and
inflammatory infiltration in the synovial joints (Figure
1C). Paw injury scores, quantified based on H&E staining
images, also showed a dose-dependent decrease (Figure
1D). Collectively, these results indicate that DEK amelio-
rates arthritis progression in CIA rats.

DEK attenuates inflammatory response and
oxidative stress in CIA rats

Overactive inflammatory response and oxidative stress
are key factors in the pathogenesis of CIA."®" To investi-
gate whether DEK affects the inflammatory response and
oxidative stress in CIA rats, we assessed the expression of
inflammatory cytokines in both paw tissues and serum.
After CIA modeling, the hind paws showed a statistically
significant increase in the gene expression of inflamma-
tory cytokines (IL-1, TNF-a, IL-6, and IFN-y). However,
treatment with DEK markedly reduced their expression
(Figure 2A). The variation in inflammatory cytokine levels
in the serum was consistent with the mRNA levels in paw
tissues, as measured by ELISA (Figure 2B). MDA is a byprod-
uct of lipid oxidation that correlates positively with oxi-
dative stress, while SOD and GSH-Px serve as antioxidant
enzymes and correlate negatively with oxidative stress.?
The ELISA results from rat serum indicated that DEK treat-
ment significantly mitigated ClA-induced oxidative stress by
reducing MDA levels and enhancing the expression of SOD
and GSH-Px (Figure 2C). Collectively, these results indicate
that DEK attenuates the inflammatory response and oxida-
tive stress in CIA rats.

DEK inhibits vascular pannus formation in CIA rats

In addition to synovial hyperplasia, the formation of vas-
cular pannus and angiogenesis have been identified as
factors associated with the progression of CIA.?" To elu-
cidate the effects of DEK treatment on angiogenesis in
CIA rats, we assessed the expression of the major angio-
genic factor, VEGFA, in synovial joints. Immunoblotting
of joint tissues indicated that CIA modeling significantly
promoted VEGFA expression, suggesting an increase in
vascular pannus formation in the CIA joints. In contrast,
the DEK treatment groups displayed a clear, dose-depen-
dent decrease in VEGFA expression (Figure 3A). Similarly,
immunofluorescence staining of VEGFA in the synovial
joints corroborated these findings, demonstrating that
DEK treatment significantly inhibited VEGFA expression in
hyperplastic synovial membranes (Figure 3B). These find-
ings suggest that DEK inhibits vascular pannus formation
in CIA rats.
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Figure 2 DEK attenuates inflammatory response and oxidative stress in CIA rats. (A) The gene expression of inflammatory factors
(IL-1B, TNF-a, IL-6, and IFN-y) in joint tissues was measured using RT-qPCR. (B) The protein expression levels of inflammatory
factors in serum were measured using ELISA. (C) The concentration of oxidative products (MDA) and antioxidant enzymes (SOD
and GSH-Px) in serum were quantified. ***indicates p < 0.001 compared with the control group. *#indicates p < 0.001 compared
with the FCA group.
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DEK inhibits chondrocyte apoptosis in CIA rats

Cartilage erosion, coupled with severe chondrocyte apop-
tosis, is a prominent phenotype in end-stage RA patients,
causing irreversible joint deformation.?? To further inves-
tigate the protective effects of DEK treatment on chon-
drocyte apoptosis, we utilized TUNEL staining. The results
showed that DEK treatment decreased the proportion of
TUNEL" chondrocytes from about 40% in the FCA group to
about 15% in the DEK (20 mg/kg) group, indicating a sig-
nificant reduction in chondrocyte apoptosis (Figure 4A).
At the molecular level, DEK treatment significantly atten-
uated Bax and cleaved-caspase 3 expression but promoted
Bcl-2 expression in a dose-dependent manner, as shown by
immunoblotting of joint tissue from CIA rats (Figure 4B).
These results indicate that DEK inhibits chondrocyte apop-
tosis in CIA rats.

DEK promotes Nrf2 nuclear import and inhibits
CHI3L1 expression in CIA rats

To explore the molecular mechanisms by which DEK ame-
liorates oxidative stress and the inflammatory response in
CIA rats, we initially assessed the nuclear translocation of
the antioxidant transcription factor Nrf2 by analyzing its
nuclear expression through immunoblotting. Although CIA
modeling barely affected nuclear Nrf2 expression, DEK
treatment led to a dose-dependent enhancement of Nrf2
nuclear import (Figure 5A). This result was confirmed by IF
staining of Nrf2, which demonstrated a significantly greater
number of cells displaying colocalization of Nrf2 and DAPI
in the DEK (20 mg/kg) treatment group compared to the
FCA modeling group (Figure 5B). Additionally, we evaluated
CHI3L1, a well-known pro-inflammatory protein.? As antic-
ipated, DEK treatment significantly inhibited ClA-induced
CHI3L1 overexpression in CIA rats. These results suggest
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that DEK promotes Nrf2 nuclear import and inhibits CHI3L1
expression in CIA rats.

Suppression of arthritis progression by DEK is
dependent on CHI3L1

To investigate whether CHI3L1 is indispensable for the
suppression of arthritis progression by DEK, we upregu-
lated CHI3L1 expression in the synovial joints of CIA rats
via AAV-mediated transfection. The results demonstrated
that the inhibition of serum inflammatory cytokines (IL-
18, TNF-a, IL-6, and IFN-y) and MDA by DEK in CIA rats
was reversed by the upregulation of CHI3L1 in the syno-
vial joints (Figure 6A,B). Moreover, the overexpression of
CHI3L1 countered the increase in antioxidant enzymes
(SOD and GSH-Px) in serum induced by DEK (Figure 6B).
Notably, AAV-CHI3L1 alone, without DEK treatment, sig-
nificantly accelerated arthritis progression in CIA rats by
enhancing inflammatory cytokine secretion and oxida-
tive stress. At the molecular level, CHI3L1 overexpression
counteracted the inhibitory effects of DEK on angiogenesis
and apoptosis, as evidenced by increased VEGFA, Bax, and
cleaved-caspase 3 proteins, and decreased Bcl-2 protein
(Figure 6C). Consistently, AAV-CHI3L1 alone, without DEK
treatment, activated angiogenesis and apoptosis signaling
pathways. Collectively, these findings suggest that the sup-
pression of arthritis progression by DEK is dependent on
CHI3L1.

Discussion

RA is characterized by several pathological processes,
including joint swelling, synovial hyperplasia, vascular
pannus formation, inflammatory infiltration, and cartilage
erosion.? Therefore, it is essential to develop a therapeutic
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Figure 4 DEK inhibits chondrocyte apoptosis in CIA rats. (A) Representative staining of TUNEL in synovial joints. The ratio
of TUNEL+ cells was quantified. (B) The expression of apoptosis-specific proteins (Bax, Bcl-2, and Cleaved-caspase 3) in joint
tissue was determined using immunoblotting. The grayscale value of the band was quantified with ImageJ. ***indicates p < 0.001
compared with the control group. ##indicates p < 0.001 compared with the FCA group.
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*kk

agent that simultaneously targets all of these biological
processes. In this study, we investigate the pharmaceutical
effects of DEK, a plant-derived natural drug, in inhibiting
RA progression. In particular, DEK significantly ameliorated
synovial inflammation, vascular pannus formation, chon-
drocyte apoptosis, and oxidative stress by downregulating
CHI3L1 expression. Our findings highlight the promising
translational potential of DEK as an anti-rheumatic drug.
The CIA model is widely acknowledged for its ability
to mimic RA progression in humans.? While various mod-
eling techniques have been extensively reported, the pri-
mary aim across these studies is consistent: to induce an
autoimmune reaction in the synovial joints. In our study,
we emulsified bovine collagen type Il with Freund’s com-
plete adjuvant and administered it subcutaneously twice a
week. We observed that our modeling method successfully
induced joint swelling and exhibited typical inflammatory
changes observed in histological analyses. Furthermore,
we recorded a significant increase in serum inflamma-
tory biomarkers and detected vascular pannus formation
in our results. However, in contrast to other studies, we
only observed enhanced chondrocyte apoptosis in the CIA
rats, with no significant cartilage erosion or extracellular
cartilage matrix degradation in the histological analysis.
We speculate that this may be attributed to the model-
ing period being too short for cartilage degradation. As a

*indicates p < 0.05 and

indicates p < 0.001 compared with the control group. ##indicates p < 0.001 compared with the FCA group.

next step, we intend to further optimize the CIA modeling
method.

DEK is documented to activate AMP-activated protein
kinase (AMPK) and mitogen-activated protein kinase (MAPK)
pathways.?*? In our study, we observed that inhibiting
CHI3L1 in synovial tissue is essential for the pharmaceu-
tical action of DEK. Recent studies illustrate that CHI3L1,
through its specific receptor, protease-activated receptor
2 (PAR2), regulates intracellular calcium homeostasis and
contributes to the activation of downstream AMPK signal-
ing pathways.?® Along with AMPK, AKT and MAPK are also
involved in the CHI3L1-associated protection of hepato-
cytes against hypoxia (27). These findings underscore the
significance of CHI3L1 as a key regulator of DEK’s action.
Nrf2 is a major antioxidant transcription factor that trans-
locates to the nucleus to drive downstream gene expres-
sion.? In our study, we observed a significant accumulation
of reactive oxygen species (ROS) in CIA rats, which led to
Nrf2 nuclear translocation. SOD and GSH-Px are well-es-
tablished target genes regulated by Nrf2-mediated tran-
scription.3®3' Danli Kong et al. reported that resveratrol
activates the Nrf2 signaling pathway, enhancing antioxi-
dant capacity in Alzheimer’s disease. Consistent with these
findings, our results illustrated that DEK increased SOD
and GSH-Px expression in vivo, along with Nrf2 nuclear
translocation. In the future, we intend to investigate the
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Figure 6 Suppression of arthritis progression by DEK is dependent on CHI3L1. To assess whether CHI3L1 was essential for the
suppression of arthritis progression by DEK, CIA rats were treated with DEK (20 mg/kg), local injection of AAV-CHI3L1, or both.
(A) The protein expression of inflammatory factors (IL-1p, TNF-a, IL-6, and IFN-y) in serum was measured using ELISA. (B) The
concentration of oxidative products (MDA) and antioxidant enzymes (SOD and GSH-Px) in serum were quantified. (C) Both VEGF and
apoptosis-specific protein (Bax, Bcl-2, and Cleaved-caspase 3) expression in joint tissues were determined using immunoblotting.
(C1-C4) The grayscale value of the band representing each targeted protein was quantitated with ImageJ. ***indicates p < 0.001
compared with the FCA group. *#indicates p < 0.001 compared with the FCA + DEK (20 mg/kg) group. && indicates p < 0.01 and
&&&jndicates p < 0.001 compared with the FCA + DEK (20 mg/kg) + AAV-CHI3L1 group.
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therapeutic potential of DEK in other diseases associated
with oxidative stress.

Our study has several limitations. Firstly, we did not
explore the inhibitory effect of DEK on the proliferation and
migration of synovial fibroblasts in greater detail. Secondly,
although our findings indicate that DEK effectively inhibits the
inflammatory response, the specific downstream target pro-
tein of DEK remains unknown. Identifying this target would
enhance our understanding of its pharmacological effects.

Conclusion

In summary, we highlighted the therapeutic effect of DEK
on RA progression in CIA rats. DEK significantly inhibited
the inflammatory response, vascular formation, chondro-
cyte apoptosis, and oxidative stress by downregulating
CHI3L1 expression in synovial joints. Our study provides
the first evidence of DEK’s potential as an effective anti-
rheumatic agent in mitigating arthritis progression.
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