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Abstract

Background/Aims: Ubiquitin D (UBD), a member of the ubiquitin-like modifier (UBL) family,
is significantly overexpressed in various cancers and is positively correlated with tumor
progression. However, the role and underlying mechanisms of UBD in rheumatoid arthritis
(RA) remain poorly understood. This study aimed to investigate the effects of UBD knockdown
on the progression of RA. Materials: We employed the type Il collagen and incomplete
Freund's adjuvant (CIA) rat model. A variety of analytical techniques were employed, including
hematoxylin and eosin (H&E) staining, Safranin O and Fast Green staining, tartrate-resistant
acid phosphatase (TRAP) staining, enzyme-linked immunosorbent assay (ELISA), and Western
blot analysis, to elucidate the mechanisms involved. Results: UBD knockdown correlated
with diminished cartilage and bone erosion, reduced counts of TRAP-positive osteoclasts,
and enhanced Safranin O staining of the cartilage. Additionally, the knockdown significantly
reduced serum levels of PGE2, TNF-q, TIMP-1, IL-1B, MMP-9, and IL-6 in CIA rats. Furthermore,
UBD knockdown markedly suppressed the expression levels of phosphorylated p38, TLR4,
MyD88, and phosphorylated p65, suggesting a critical role in modulating inflammatory
signaling pathways in RA. Conclusion: Collectively, these results suggested that knockdown
of UBD significantly alleviated arthritis progression in the CIA rat model, highlighting UBD as

a potential therapeutic target and a promising prognostic biomarker for RA.
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Introduction

Rheumatoid arthritis (RA) is a chronic autoimmune disorder characterized by
inflammation of the synovial joints, leading to progressive joint destruction and subsequent
disability. The global prevalence of RA is estimated to range from 0.5% to 1% [1-3]. Beyond
joint involvement, RA can also cause systemic complications such as cardiovascular diseases,
osteoporosis, and infections, which significantly affect the quality of life of those affected [4].
The pathogenesis of RA is driven by complex interactions between genetic susceptibility and
environmental triggers, resulting in dysregulated immune responses, particularly involving
T and B lymphocytes, macrophages, and synovial fibroblasts [5, 6].

Current treatments for RA focus on reducing inflammation, managing symptoms, and
preventing joint damage. Traditional disease-modifying antirheumatic drugs (DMARDs),
like methotrexate (MTX), are typically the first-line treatment, often used in combination
with biologic DMARDs (bDMARDs) or targeted synthetic DMARDs (tsDMARDs) [2, 7].
Despite advances in therapy, there is a critical need for new therapeutic targets, especially
for patients who fail to adequately respond to existing treatments or suffer from notable
side effects [4, 8, 9]. Drug resistance also remains a significant challenge in RA treatment
[10]. Therefore, further research is essential to better understand the mechanisms driving
RA pathogenesis and identify novel therapeutic targets to improve disease control and long-
term prognosis.

Proinflammatory cytokines, including tumor necrosis factor-alpha (TNF-a),
interleukin-1 beta (IL-1f), and interleukin-6 (IL-6), are crucial to the development of RA
[11]. Elevated levels of IL-1f or TNF-a prompt IL-6 production, triggering an inflammatory
cascade thatleads to bone damage and the development of pannus [12]. Furthermore, matrix
metalloproteinases (MMPs), zinc-dependent enzymes that degrade the extracellular matrix,
facilitate angiogenesis and pannus formation, exacerbating symptoms such as joint pain,
swelling, and the erosion of bone and cartilage [13]. Upon activation, MMP activity is regulated
by a combination of broad-spectrum and specific tissue inhibitors of metalloproteinases
(TIMPs) [14]. Additionally, inflammatory cytokines like TNF-q, IL-1f3, and IL-6 are recognized
for their role in activating MMPs, promote their release, and increase their expression within
the context of RA [15]. Prostaglandin E2 (PGE2) acts as a principal mediator of inflammation
and is vital in regulating the activities of osteoblasts and osteoclasts [16]. Interventions
targeting the prevention or reduction of these proinflammatory cytokines are expected to
significantly attenuate the progression of RA.

Ubiquitin D (UBD), also recognized as FAT10, is a prominent ubiquitin-like modifier
implicated in various disease contexts [17]. UBD plays a crucial role in immunomodulation,
including antigen presentation, immune response, and combating viral infections [18].
Elevated levels of UBD have been observed in several tumor types, including liver cancer [19],
colorectal cancer [20] and breast cancer [21]. UBD significantly influences tumorigenesis
and therapeutic resistance by modulating key signaling pathways. For example, in pancreatic
cancer, UBD promotes chemoresistance by stabilizing FOXM1, thereby facilitating epithelial-
mesenchymal transition (EMT) [22]. Moreover, UBD has been implicated in osteosarcoma
development through regulation of the JAK/STAT signaling pathway, underscoring its
multifaceted role in cancer progression [23].

In RA, the role of UBD remains largely underexplored but holds potential significance.
Recent studies indicate that UBD may contribute to RA development by triggering the
p38 MAPK pathway, thereby increasing inflammation and joint damage [24]. Given its
multifaceted roles, further in vivo investigations are necessary to clarify the precise
mechanisms of UBD and assess its therapeutic potential [24]. Such research would not only
deepen our understanding of UBD’s role in RA but also pave the way for developing targeted
therapies aimed at mitigating its harmful effects, offering new opportunities for therapeutic
intervention in RA.
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Materials and Methods

Animals and CIA model

Six-week-old Wistar rats (n=30) were obtained from Shanghai Silaike Experimental Animal Limited
Liability Company (Shanghai, China). The animals were housed in a controlled environment at 24 + 1 °C
(mean * SD) and a 12-hour light/dark cycle. They were provided unlimited access to food and water. All
animal procedures and care protocols were approved by the Medical Ethics Committee of the Affiliated
Hospital of Youjiang Medical College for Nationalities (Approval No. YYFY-LL-2022-96).

The rats were randomly allocated into two groups: a Control group (n=6) and a CIA model group
(n=24). In the CIA model group, a solution of type II collagen (No. 20022, Chondrex) was mixed with
Freund’s incomplete adjuvant (No. F5506, Sigma) in a 1:1 volume ratio and homogenized in a mortar until
fully emulsified. Each rat in this group received a 200 pL intradermal injection of the emulsion at the tail
base, 0.5 cm from the root. On day 7 post-injection, a booster of the same emulsion was administered 1.5 cm
from the tail base to intensify the immunization. The Control group rats were injected with a comparable
volume of PBS.

Two weeks later, the CIA rats were randomly divided into four distinct groups: a CIA model group,
a negative control group, a UBD knockdown group and a MTX group (positive control, 7.6 mg/kg, No.
1414003, Sigma). MTX, a disease-modifying antirheumatic drug, is widely used in the treatment of RA [25].
Its primary function is to suppress the abnormal immune response, reduce joint inflammation and pain, and
ultimately enhance the patient’s quality of life. In this study, MTX was employed as the positive control group
[26]. Rats in the UBD knockdown group were injected via the caudal vein with 2.5 x 10710 plaque-forming
units of an adenovirus carrying the UBD gene (UBD-siRNA, sequence: GGTTCCTGTGCAGGACCAGGT), while
negative control rats received an injection of an empty virus.

Assessment of the arthritis severity and effects of the treatment

To rigorously assess the severity and progression of arthritis, hind paw volumes were quantified post-
arthritis induction using a plethysmometer chamber (Jinan, China), and body weight was recorded with a
precision balance (accuracy: 0.1 g, Sartorius AG, Germany). The severity of arthritis across all four paws
was evaluated by two independent assessors employing a semi-quantitative scale established by van Eden
et al. (2001). The scoring criteria were as follows: 0 (no observable signs of arthritis), 4-8 (mild changes),
8-12 (moderate changes), and 12-16 (severe changes). Additionally, the erythrocyte sedimentation rate
(ESR) was measured on day 42 using a method approved by the International Council for Standardization
in Hematology (ICSH), with minor modifications. Four weeks after adenovirus administration, the rats
were euthanized, and their hind paws were collected for subsequent analyses. Hematoxylin and eosin (H&E)
staining

H&E staining was performed using a kit from Solarbio (No. G1120). In brief, hind paw sections were
first washed in distilled water, then stained with a hematoxylin solution for 5 min, followed by a 10-minute
rinse under running tap water. The sections were then differentiated in 1% acid alcohol for 10 sec and
washed again under running tap water for 10 min. Next, the sections were counterstained with eosin
solution for 30 sec and subjected to another 5-minute rinse in running tap water. Dehydration and clearing
were performed using 95% ethyl alcohol, then absolute ethyl alcohol, and finally xylene, with each step
repeated twice for two min. The sections were ultimately mounted in a resin-based medium. Safranin O and
fast green staining

Safranin O and Fast Green staining was conducted as previously described [27]. The hind paw sections
were initially hydrated in distilled water and stained with Weigert’s Iron Hematoxylin for 5 min, followed by
thorough washing in distilled water to remove any excess dye. The sections were then differentiated in 1%
acid-alcohol for 3 sec and gently rinsed in distilled water. Subsequently, the sections were stained with 0.2%
Fast Green (No. C500016, Shanghai Sangon Biology Co., Ltd) for 5 min, quickly rinsed with 1% acetic acid
solution for 10 sec, and then stained with 0.1% safranin O solution (No. A600815, Shanghai Sangon Biology
Co., Ltd) for 5 min. Dehydration and clearing were achieved using 95% ethyl alcohol, absolute ethyl alcohol,
and xylene, with each solution applied for 2 min in two successive rounds. The sections were then mounted
in a resinous medium.
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TRAP Staining

The TRAP incubation solution was prepared according to the instructions provided with the
TRAP staining kit (No. HR0561, Beijing Baiaolaibo Technology Co., Ltd). Hind paw sections were first
deparaffinized in water, then coated with the ready-to-use TRAP staining solution and incubated at 37°C
for 30 min. After incubation, the sections were washed with distilled water and treated with a 2-amino-2-
methyl-1, 3-propanediol (AMPD)-HCI solution (pH 9.4) for 10 min. The sections were then re-stained with
methyl green, washed again with distilled water, dried, and mounted. An inverted optical microscope (40x
magnification) was utilized to identify fields of view, from which images were captured and analyzed. The
density of osteoclasts in each TRAP-stained slide was quantified using Image] software.

Enzyme linked immunosorbent assay (ELISA) Assay

Serum concentrations of PGE2, TNF-a, TIMP-1, IL-1, MMP-9, and IL-6 were determined using ELISA
kits, following the manufacturers’ protocols. The ELISA kits for PGE2 (cat. no. 514010) and IL-1f3 (cat. no.
37810) were obtained from Cayman Chemicals, while the kits for TNF-a (cat. no. BMS223HS), TIMP-1 (cat.
no. ERTIMP1), MMP9 (cat. no. EEL130), and IL-6 (cat. no. ERA31RB) were sourced from Thermo Fisher
Scientific. Calibration curves were constructed on semi-logarithmic paper, and the optical density values for
the samples were calculated from these standard curves across three separate assays.

Western blot

Proteins were extracted from hind paw tissues and quantified via the BCA method (No. 23225, Thermo
Fisher). Each sample, containing 5 pg of protein, was mixed with 5 x SDS sample buffer and subjected to
electrophoresis on 12% SDS-acrylamide gels, followed by transfer onto PVDF membranes. The membranes
were blocked with 5% non-fat milk and incubated overnight at 4°C with primary antibodies: mouse anti-
phospho-p38 (No. 9216; Cell Signaling Technology), rabbit anti-p38 (No. bs-0637R; Bioss), rabbit anti-
TLR4 (No. 19811-1-AP; Proteintech), rabbit anti-MyD88 (No. 4283; Cell Signaling Technology), rabbit anti-
phospho-p65 (No.3033T; Cell Signaling Technology), rabbit anti-p65 (No.4764T; Cell Signaling Technology),
and mouse anti-GAPDH (No. 10068-1-AP; Proteintech). Following primary antibody incubation, the
membranes were washed with TBST and then incubated for 1 h with horseradish peroxidase-conjugated goat
anti-rabbit or anti-mouse secondary antibodies (No. 074-1506 and 074-1807; KPL, Inc.). Immunoreactive
bands was detected using an ECL hypersensitive chemiluminescence kit (cat. no. P0018M; Beyotime) and
an Odyssey Scanning System (version 3.0, LI-COR Biosciences).

Statistical analysis

The data collected from the experiments were analyzed using GraphPad Prism software (Version 8.0;
California, USA). Data are presented as the mean * standard deviation. For analyses involving comparisons
across three or more groups, a one-way ANOVA was performed to assess group variations, followed by
Tukey’s post hoc test to identify specific differences between groups. This statistical approach was chosen
to minimize the risk of Type I errors in multiple comparisons. A p-value of less than 0.05 was considered
statistically significant.

Results

UBD knockdown mitigated rheumatoid arthritis progression

To evaluate the therapeutic efficacy of UBD knockdown in alleviating arthritis symptoms,
a CIA model was meticulously developed by administering Type II collagen and incomplete
Freund’s adjuvant via intra-tail injection. A notable decrease in body weight was noted in
the CIA rats from day 9 to day 42 after the injection. However, treatment with methotrexate
(MTX, 7.6 mg/kg, serving as a positive control) led to an additional reduction in body weight,
whereas silencing UBD significantly attenuated the weight loss in CIA rats (Fig. 1A). From
day 9 to day 42, CIA rats exhibited a marked increase in paw swelling volume and arthritis
scores compared to normal controls (Fig. 1B-C). However, UBD knockdown or MTX treatment
effectively attenuated both paw edema and arthritis scores (Fig. 1B-C). Additionally, the
ESR, which significantly elevated in CIA rats, was substantially decreased following UBD
knockdown or MTX treatment (Fig. 1D).
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Fig. 1. UBD knockdown mitigates rheumatoid arthritis progression .A solution of type II collagen mixed
with Freund’s incomplete adjuvant was used to established CIA rats. Two weeks later, CIA rats were
randomly assigned to four groups: vehicle, negative control, UBD knockdown, or MTX (n=6). Four weeks
after the adenovirus injection, the rats were euthanized. Hind paws were excised for the next assessment.
(A) The body weight in CIA rats was recorded. (B) The hind paw volumes in CIA rats were calculated. (C)
The arthritic scores in CIA rats were calculated. a: CIA Model + KD-UBD group compared to CIA Model + NC
group, p<0.001. b: CIA model group compared to Control group, p<0.001. (D) Plasma ESR in CIA rats was
measured. ***p<0.001, n=6.

UBD knockdown prevented bone destruction in CIA rats

Histological examination of CIA rats treated with vehicle revealed a notably thickened
and enlarged synovium, characterized by extensive infiltration of inflammatory cells,
hyperplasia, conspicuous cartilage, and narrowing of joint spaces, confirming successful
establishment of the CIA model (Fig. 2A). Knockdown of UBD or treatment with MTX
reduced inflammatory cell infiltration and synovial hyperplasia, along with limited cartilage
and bone erosion, implying that UBD knockdown effectively mitigates arthritis progression
in CIA rats (Fig. 2A).

TRAP staining was performed to assess osteoclast activity, which plays a key role in
bone erosion associated with RA. The results showed an increased number of TRAP-positive
osteoclasts in the ankle region of CIA rats, indicating enhanced bone resorption or damage
(Fig. 2B). Importantly, knockdown of UBD or treatment with MTX significantly reduced the
number of TRAP-positive osteoclasts, suggesting that UBD knockdown effectively inhibits
bone resorption activity in CIA rats (Fig. 2B).

561



Cellular Physiology Cell Physiol Biochem 2025;59:557-568

. . DOI: 10.33594/000000808 © 2025 The Author(s). Published by
and BIOChemlstry Published online: 1 September 2025|Cell Physiol Biochem Press GmbH&Co. KG

Chen et al.: UBD Knockdown Ameliorates Rheumatoid Arthritis

The results of Safranin O and fast green staining revealed a decrease in Safranin O
staining intensity in the cartilage of CIA rats, indicating a reduction in proteoglycan content
(Fig. 2C). Interestingly, knockdown of UBD or treatment with MTX prominently enhanced
Safranin O staining in the cartilage, suggesting a potential improvement in cartilage health
due to UBD knockdown in CIA rats (Fig. 2C).

Fig. 2. UBD knockdown
prevents bone destruction
in CIA rats. Four weeks after
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UBD knockdown inhibited chemokines and cytokines in CIA rats
Cytokines and chemokines are pivotal mediators in the pathogenesis of RA [11]. ELISA
results showed significantly elevated serum levels of PGE2, TNF-a, TIMP-1, IL-13, MMP-9,
and IL-6 in CIA rats compared to normal controls (Fig. 3A-F). In contrast, knockdown of UBD
or treatment with MTX resulted in a significant decrease in the levels of these cytokines and
chemokines (Fig. 3A-F). Collectively, these findings suggest that UBD knockdown effectively
mitigates the progression of arthritis in CIA rats.

UBD knockdown suppressed p38/MAPK and TLR4/MyD88/NF-kB pathway

Knockdown of UBD significantly reduced the protein expression of p-p38 without
affecting the expression of p38(Fig. 4A-B). Notably, UBD knockdown also inhibited the
protein level of TLR4, MyD88, and p-p65, while showing no obvious effect on p65 expression
(Fig. 4A-B). These findings indicate that UBD knockdown suppresses the activation of the
p38/MAPK and TLR4/MyD88/NF-«kB pathways, which may contribute to its inhibitory effect

on the progression of RA.
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Fig. 3. UBD knockdown inhibited chemokines and cytokines in CIA rats. Four weeks after adenovirus
administration, the rats were euthanized and the serum was collected for ELISA assay. The serum
concentration of PGE2 (A), TNF-a (B), TIMP-1 (C), IL-1B (D), MMP-9 (E) and IL-6 (F) were measured by

ELISA. (n=3, ***p<0.001).
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Fig. 4. UBD knockdown suppressed p38/MAPK and TLR4/MyD88/NF-kB pathway. Proteins were extracted
from hind paw tissues for Western blot analysis. (A) The protein level of p-p38, p38, TLR4, MyD88, p-p65
and p65 were examined by Western blot. (B) Quantification of gene expression was normalized to GAPDH.
Means + SD (n=3, **p<0.01, ***p<0.001).

Discussion

Deregulated gene expression critically influences the development of RA by interacting
with the immune system to amplify inflammatory processes [8, 28]. Previous studies from
our group have demonstrated that UBD accelerates RA progression through activation of the
p38 MAPK pathway [24]. However, the specific roles of UBD in RA development remain to
be fully elucidated. This study demonstrates that targeted knockdown of UBD significantly
attenuates RA progression by suppressing both the p38/MAPK and the TLR4/MyD88/NF-
kB signaling pathways, highlighting potential new targets for therapeutic intervention and
management of RA.

UBD is closely associated with the immune system and is significantly upregulated by
pro-inflammatory cytokines [29]. Notably, UBD is the only ubiquitin-like modifier (ULMs)
thatindependently triggers degradation through the 26S proteasome, a mechanism that does
not require ubiquitin [30]. Predominantly triggered by pro-inflammatory cytokines within
the tumor microenvironment, substantial research indicates that the oncogenic potential of
UBD plays a significant role in its elevated expression in tumor tissues [17, 31]. Numerous
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studies have documented the overexpression of UBD across various cancer types, where it
promotes cell migration, invasion, and metastasis development [32-34]. Additionally, UBD
is among the most highly upregulated genes in RA according to GEO dataset analyses [24].
However, further investigation into UBD expression in RA clinical samples was hindered by
the lack of available specimens. In this study, we investigated the role of UBD in RA using
a CIA model, which partially reflects the in vivo situation. Our findings show that UBD
knockdown reduces inflammatory cell infiltration and synovial hyperplasia. Additionally, this
knockdown is associated with decreased cartilage and bone erosion, a reduction in TRAP-
positive osteoclasts, and enhanced Safranin O staining of the cartilage. Collectively, these
results suggest that UBD knockdown significantly alleviates the progression of arthritis in
CIA rats.

Potential triggers of RA encompass cytokines, and dysregulation of the cytokine network
can lead to uncontrolled inflammation culminating in RA [11]. Elevated expressions of IL-
1B or TNF-a trigger the generation of IL-6, which then initiates an inflammatory cascade,
resulting in bone degradation and pannus formation [35]. Targeted inhibition of TNF-a and
IL-6 has been shown to be effective in treating resistant RA cases [36]. TNF-q, IL-1§, and
[L-6 are known to activate MMPs, promote MMP release, and increase their expression in RA
[15]. TIMPs counteract the proteolytic activity of MMPs, with both MMPs and TIMPs playing
pivotal roles in the autoregulation of inflammation in RA [37]. PGE2 is another key mediator
of inflammation in diseases such as RA, and suppression of PGE2 synthesis can alleviate
the inflammation characteristic of RA [38, 39]. Therefore, reducing the expression levels of
PGE2, TNF-q, TIMP-1, IL-1f3, MMP-9, and IL-6 can significantly ameliorate the symptoms of
RA. In this study, UBD knockdown led to a marked decrease in the serum concentrations of
PGE2, TNF-a, TIMP-1, IL-13, MMP-9, and IL-6, which were notably elevated in the serum of
CIA rats. These findings robustly substantiate the therapeutic potential of UBD knockdown
in the management of RA.

UBD influences various signaling pathways critical to tumor growth. For example, UBD
promotes the progression of oral squamous cell carcinoma through NF-xB signaling [40] and
facilitates the invasion and metastasis of hepatocellular carcinoma cells by interacting with
[-catenin, inhibiting its ubiquitylation and subsequent degradation [41]. The p38/MAPK
pathway plays a central role in the inflammatory response in RA, regulating the release
of inflammatory cytokines and contributing to the proliferation and migration of synovial
fibroblasts, which are key players in the pathogenesis of RA [42, 43]. Similarly, the TLR4/
MyD88/NF-kB signaling pathway is a critical mediator of inflammation in RA. Activation
of TLR4 triggers the MyD88-dependent pathway, leading to NF-kB activation, which
subsequently enhances the generation of pro-inflammatory cytokines and mediates immune
responses [44-46]. Increased protein levels of p-p38, TLR4, MyD88, and p-p65 have been
observed in CIA rats. Notably, UBD knockdown significantly reduces the protein expression
of p-p38, TLR4, MyD88 and p-p65, without markedly affecting the levels of p38 and p65.
This suggests that UBD knockdown suppresses both p38/MAPK and TLR4/MyD88/NF-
kB pathways in RA progression. Overall, these findings indicate that UBD could be a key
pathogenic factor in RA through these pathways, thus presenting additional opportunities
for therapeutic intervention in RA.

While our findings provide promising insights into UBD as a key pathogenic factor
in RA through its interaction with the p38/MAPK and TLR4/MyD88/NF-xB pathways,
the study has certain limitations. Future studies should investigate the regulatory role of
UBD in other relevant pathways, including JAK/STAT, NFAT, and the NLRP3 inflammasome,
which are also integral to the immune and inflammatory processes of RA. A multi-pathway
approach will provide a more comprehensive understanding of UBD’s role in RA and support
the development of multi-target therapeutic strategies. Additionally, further investigation
into the expression of downstream targets within the p38/MAPK or TLR4/MyD88/NF-
kB pathways could offer further confirmation of UBD’s regulatory role. Our conclusions
were primarily based on the CIA animal model, and thus, the lack of clinical data limits the
generalizability of the results. Future research should prioritize the collection and analysis
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of clinical samples from RA patients—including synovial fluid, peripheral blood, and tissue
biopsies—to validate UBD expression levels. Furthermore, investigating the relationship
between UBD and disease progression, alongside key clinical indicators such as C-reactive
protein, erythrocyte sedimentation rate, and rheumatoid factor, will be essential to confirm
its potential as a biomarker for RA.

Conclusion

Knockdown of UBD may mitigate the progression of RA by inhibiting the p38/MAPK and
TLR4/MyD88/NF-kB pathways. This provides novel insights into the pathogenesis of RA and
underscores the potential of UBD as a therapeutic target for combating this disease.
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