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Abstract
Psoriasis is an immune-mediated inflammatory skin disorder and its pathological mechanism 
remains incompletely understood. Detailed exploration of this mechanism is crucial to identify 
key regulatory molecules influencing its progression. In previous studies, Annexin A3 (ANXA3), 
a calcium-dependent phospholipid-binding protein from the annexin family, has been linked 
to psoriasis progression. However, its specific effects on the disease remain unclear. This 
study aimed to investigate the role of ANXA3 in psoriasis progression. For this purpose, we 
employed an imiquimod (IMQ)-induced mouse model and in-vitro experiments to uncover the 
underlying cellular mechanisms. A mixture of five inflammatory factors (TNF-α, IL-1α, IL-17A, 
IL-22, and statin M) was used to stimulate HaCaT cells, mimicking the psoriasis microenvi-
ronment. Our findings demonstrate that ANXA3 is highly expressed in psoriatic skin, and its 
knockdown alleviates skin lesions in IMQ-induced mice. Further analysis revealed that ANXA3 
knockdown reduces skin tissue hyperplasia and decreases the expression of inflammatory fac-
tors in IMQ mice. Mechanistically, ANXA3 knockdown inhibits the NF-κB/STAT3 pathway in 
skin tissue. Additionally, ANXA3 knockdown inhibits inflammation and hyperproliferation in 
HaCaT cells. Collectively, these results indicate that ANXA3 alleviates psoriasis progression 
both in-vivo and in-vitro by inhibiting the NF-κB/STAT3 pathway.
© 2025 Codon Publications. Published by Codon Publications.
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Introduction

Psoriasis is an immune-mediated inflammatory skin disease 
that affects approximately 2% of the global population.1,2 
It is typically characterized by red, squamous, and thick-
ened patches of skin lesions caused by excessive prolifer-
ation of keratinocytes and infiltration of immune cells.3 
Although the precise pathogenesis of psoriasis remains 
unclear, growing evidence highlights the critical role of 
keratinocytes, immune cells, and their interactions in dis-
ease development.4 To improve the therapeutic outcomes, 
further investigation into the pathological mechanisms of 
psoriasis is essential with a focus on identifying the key 
regulatory molecules that influence its progression.5

Annexin A3 (ANXA3), also known as lipocortin 3 or 
placental anticoagulant protein 3 (PAP-III), is a class of 
calcium-dependent phosphatide-binding proteins that 
belongs to the annexin family.6 ANXA3 has been impli-
cated in various malignancies, including lung cancer, 
where it exhibits a stimulative effect on tumor progres-
sion.7 Additionally, ANXA3 has regulatory effects on 
proliferation, cell migration, apoptosis, cytoskeletal reg-
ulation, and immune regulation. Its ability to promote 
hypoxia-induced inflammatory factor expression high-
lights its broad physiological and pathological functions 
in human diseases.8,9 ANXA3 overexpression has been 
observed in the serum and plasma of sepsis patients.10 
Reducing ANXA3 levels in sepsis patients alleviates lung 
injury, as evidenced by decreased pulmonary edema, 
reduced inflammatory cell infiltration, and inhibited apop-
tosis.10 Moreover, ANXA3 overexpression has been linked 
to increased phosphorylation of NF-κB subunit P65 further 
underscoring its role in inflammation.11 Despite these find-
ings, the role of ANXA3 in psoriasis progression and the 
underlying mechanisms remain largely unexplored.

Nuclear factor κB (NF-κB) plays a pivotal role as an 
inflammatory mediator in the pathogenesis of psori-
asis. Elevated NF-κB expression has been consistently 
observed in psoriatic lesions.12 The alteration of NF-κB 
signal transduction disrupts the balance of apoptotic 
signals, resulting in the upregulation of cyclin and sur-
vivin, which inhibit apoptosis.13 Furthermore, NF-κB 
promotes the production of proinflammatory cytokines 
such as IL-17 and TNF-α, amplifying the downstream 
inflammatory response and contributing to disease 
progression.14 

This study was carried out with the objective to com-
prehensively investigate the role of ANXA3 in the progres-
sion of psoriasis and to elucidate the underlying molecular 
mechanisms. By utilizing both in-vivo and in-vitro models, 
the research explored the influence of ANXA3 on psoriasis 
progression through regulation of the NF-κB/STAT3 signal-
ing pathway.

In this study, the analyses of the psoriatic expression 
profile revealed the high expression of ANXA3 in psori-
atic lesions and further revealed its influence on psoriatic 
progression and its mechanism. We found that knocking 
down ANXA3 regulates the NF-κB/STAT3 pathway to reduce 
psoriasis inflammation and hyperproliferation in vivo and 
in vitro. Therefore, ANXA3 is considered a potential thera-
peutic target for psoriasis.

Materials and Methods

GEO analysis

The microarray data was downloaded from the GEO data-
base (GSE161683) and analyzed using R software (version 
4.2.2). Differential expression analysis was performed using 
the “limma” package, and the results were visualized using 
heatmaps and volcano plots.

Animal experiments and ethics

Male BALB/c mice (6 weeks old) were purchased from 
Beijing Vital River Laboratory Animal Technology Co., Ltd. 
All animal experiments were conducted in compliance with 
ethical guidelines and were approved by Jinling Hospital, 
Affiliated Hospital of Medical School, Nanjing University 
(Approval No. 2021DZGKJDWLS-00115). The mice were 
housed in a controlled environment with a 12-hour light/
dark cycle, and standard laboratory chow and water ad 
libitum. To ensure animal welfare, all procedures were 
performed under institutional guidelines. The mice were 
anesthetized using isoflurane (Sigma-Aldrich, USA) for 
the experiments. 

AAV-mediated knockdown of ANXA3 was achieved by 
injecting AAV vectors carrying shRNA specific to ANXA3 
into the tail vein of mice. Each mouse received 1 × 10¹² 
viral genome copies (vg) of the AAV vector suspended in 
100 µL of PBS. The efficiency of ANXA3 knockdown was 
confirmed by Western blot analysis conducted 2 weeks 
postinjection. 

Following the procedures, the mice were carefully 
monitored during recovery and humanely euthanized at the 
designated endpoints. Erythema and scaling scores were 
calculated based on the standard scoring system. Erythema 
was assessed on a scale of 0–4 based on the intensity of 
redness, while scaling was scored from 0–4 based on the 
extent and thickness of scales. To ensure accuracy and 
minimize bias, these scores were evaluated independently 
by two blinded researchers, and the average score for each 
mouse was calculated.

Imiquimod

Imiquimod (IMQ) is a TLR7 agonist that induces an immune 
response by activating innate immunity and is commonly 
used in experimental models to mimic inflammatory con-
ditions such as psoriasis. In this study, a 5% concentration 
of IMQ (Sigma-Aldrich, USA; Catalog #I7402) was topically 
applied to the shaved dorsal skin of mice three times 
per week for 2 weeks to induce localized inflammatory 
responses.

Reagents and antibodies

Reagents for the experiments were primarily purchased 
from Beyotime Biotechnology. Key reagents included imiqui-
mod cream (62.5 mg, 5%, Beijing Tong Ren Tang, China)  
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for inducing psoriasis-like skin inflammation in mice. Other 
test kits used in the study such as IL-6 ELISA Kit (PI326, 
Beyotime, China), IL-1β ELISA Kit (PI305, Beyotime, China), 
TNF-α ELISA Kit (PT518, Beyotime, China), IL-23 ELISA Kit 
(PI303, Beyotime, China), IL-17 ELISA Kit (PI317, Beyotime, 
China), and IL-22 ELISA Kit (PI315, Beyotime, China) were 
also obtained from Beyotime.

The antibodies used in this study were primarily 
obtained from Abcam and applied at specific concen-
trations for immunoblotting and immunohistochemistry. 
These included anti-ANXA3 (ab180889, 1:1000, Abcam, 
USA), anti-p65 (ab16502, 1:1000, Abcam, USA), anti-p-p65 
(ab86299, 1:1000, Abcam, USA), anti-STAT3 (ab68153, 
1:1000, Abcam, USA), and anti-p-STAT3 (ab76315, 1:1000, 
Abcam, USA). β-actin (AF7018, 1:5000, Beyotime, China) 
was used as the loading control.

Psoriasis-like mouse model

To induce psoriasis-like inflammation, imiquimod cream 
was topically applied to the shaved dorsal skin of mice for 
6 consecutive days. The mice were divided into four groups 
(control, IMQ, IMQ+sh-NC, and IMQ+sh-ANXA3) to assess the 
effects of ANXA3 knockdown on skin lesions.

Cell culture and treatment

HaCaT cells were cultured in Dulbecco’s Modified Eagle 
Medium (DMEM, Gibco, USA) supplemented with 10% fetal 
bovine serum (FBS, Gibco, USA) and maintained at 37°C in 
a humidified atmosphere of 5% CO2. To create a psoriatic-
like environment, HaCaT cells were stimulated with a mix-
ture of inflammatory cytokines, including TNF-α, IL-1α, 
IL-17A and IL-22 (each at 10 ng/mL, PeproTech, USA), for 
24  h. Following stimulation, the cells were transfected 
with shRNA targeting ANXA3 or a non-targeting control 
using Lipofectamine 3000 (L3000008, Invitrogen, USA). Cell 
proliferation was assessed using EDU staining, performed 
following the manufacturer’s protocol using the Click-iT 
EDU Imaging Kit (Invitrogen, USA; Catalog #C10337). 

Immunohistochemistry and immunofluorescence

Tissue sections or cells were deparaffinized, rehydrated, 
and subjected to antigen retrieval. The samples were then 
blocked with 5% BSA and incubated overnight at 4°C with 
primary antibodies. After washing, secondary antibodies 
were applied, and DAPI staining was performed to visual-
ize nuclei. For immunofluorescence, sections were incu-
bated with anti-ANXA3 (ab180889, 1:500, Abcam, USA) 
and anti-Ki-67 (ab15580, 1:500, Abcam, USA). Images were 
captured using a Zeiss LSM 880 confocal microscope (Zeiss, 
Germany). 

Western blotting

Proteins were extracted from tissues and cells, quanti-
fied, and separated by SDS-PAGE. The separated proteins 

were transferred onto PVDF membranes and blocked with 
5% nonfat milk to prevent nonspecific binding. The mem-
branes were then incubated overnight with primary anti-
bodies. After washing, membranes were incubated with 
HRP-conjugated secondary antibodies. Protein bands were 
visualized using an ECL kit (P0018, Beyotime, China) and 
quantified using ImageJ software (NIH, USA).

Quantitative PCR (qPCR)

Total RNA was extracted using TRIzol reagent (15596018, 
Invitrogen, USA), and cDNA was transcribed using a reverse 
transcription kit (D2639, Beyotime, China). SYBR Green 
Master Mix (Q111-02, Vazyme, China) was used for qPCR 
analysis on a QuantStudio 5 Real-Time PCR system (Thermo 
Fisher Scientific, USA) to determine relative ANXA3 expres-
sion levels. GAPDH was used as an internal control, and the 
relative gene expression was calculated using the 2^-ΔΔCt 
method.

Enzyme-linked immunosorbent assay (ELISA)

Skin tissue homogenates were prepared and analyzed using 
ELISA to measure the levels of IL-6, IL-1β, TNF-α, IL-23, IL-17, 
and IL-22, following manufacturer’s instructions (Beyotime, 
China). The absorbance was measured at 450 nm using a 
Multiskan MK3 microplate reader (Thermo Fisher Scientific, 
USA).

Statistical analysis

Data was presented as mean ± standard deviation (SD). 
Statistical comparisons were performed using one-way 
ANOVA followed by Tukey’s post-hoc test for multiple 
comparisons, and a P-value < 0.05 was considered statis-
tically significant. All the analyses were conducted using 
GraphPad Prism 8 (GraphPad Software, USA).

Results

High expression of ANXA3 in psoriatic skin tissues

To investigate the expression of ANXA3 in psoriasis, we ana-
lyzed gene expression profiles from two datasets. Analysis 
of the GSE161683 dataset, using a volcano plot (Figure 1A), 
identified differentially expressed genes between psoriatic 
and healthy skin tissues. Notably, ANXA3 was among the 
genes significantly upregulated in psoriatic skin. Consistent 
with the GSE161683 dataset, analysis of the GSE166388 
dataset, using a volcano plot (Figure 1B), also identified 
ANXA3 as a gene significantly upregulated in psoriatic skin. 
The Venn diagram displays the overlap of upregulated 
genes identified in both datasets, with ANXA3 being a most 
common gene (Figure 1C). Box plots for the GSE161683 
(Figure 1D) and GSE166388 (Figure 1E) datasets further 
confirm higher ANXA3 expression in psoriatic tissues com-
pared to healthy tissues. Additionally, qPCR results show 
increased relative mRNA expression of ANXA3 in psoriatic 
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Figure 1  High expression of ANXA3 in psoriatic skin tissues. (A) Volcano plot of differentially expressed genes in psoriatic 
versus healthy skin tissues from the GSE161683 dataset. Red dots represent genes with increased expression, while blue dots 
indicate genes with decreased expression in psoriatic skin; (B) Volcano plot of differentially expressed genes in psoriatic versus 
healthy skin tissues from the GSE166388 dataset. Red dots represent genes with increased expression, while blue dots indicate 
genes with decreased expression in psoriatic skin; (C) Venn diagram of upregulated genes from the GSE161683 and GSE166388 
datasets, showing the overlap of genes between the two datasets; (D) Box plot of ANXA3 expression in the GSE161683 dataset, 
comparing psoriatic and healthy skin tissues; (E) Box plot of ANXA3 expression in the GSE166388 dataset, comparing psoriatic and 
healthy skin tissues; (F) Relative mRNA expression of ANXA3 in psoriatic vs. normal skin tissues from collected patient samples;  
(G) Western blot analysis of ANXA3 protein expression in normal and psoriatic skin tissue samples, with β-actin as the loading 
control. *** indicates P < 0.001, representing significant differences. Exp, expression; ANXA3, Annexin A3.

skin samples (Figure 1F), and western blot analysis further 
confirms elevated ANXA3 protein levels in psoriatic tissues 
compared to controls (Figure 1G). These findings establish 
that ANXA3 is highly expressed in psoriatic skin tissues, 
suggesting a potential role in psoriasis pathology.

ANXA3 knockdown suppresses inflammation and 
hyperproliferation in HaCaT cells

We next evaluated the effect of ANXA3 knockdown 
on inflammation and hyperproliferation in HaCaT cells 

exposed to a psoriatic-like environment. Western blot 
analysis and Immunostaining showed successful knock-
down of ANXA3 in HaCaT cells confirming reduced ANXA3 
protein levels (Figures 2A and 2B). EDU staining indicates 
a decrease in the percentage of EDU-positive cells in the 
ANXA3 knockdown group, reflecting reduced proliferation 
(Figure 2C). ELISA assay also revealed a decrease in the lev-
els of inflammatory cytokines such as, IL-6, IL-1β, TNF-α, 
IL-23, IL-17, and IL-22 in those cells (Figure 2D). Additionally, 
western blots of proteins involved in NF-κB pathway show 
a reduced phosphorylation of p65 (Figure 2E), while the 
proteins involved in STAT3 pathway show a decrease in 
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Figure 2  ANXA3 knockdown suppresses inflammation and hyperproliferation in HaCaT cells. (A) Western blot analysis of ANXA3 
protein levels in HaCaT cells under different treatments, with quantification of relative ANXA3 expression; (B) Immunostaining 
analysis of ANXA3 protein levels in HaCaT cells under different treatments, with quantification of relative ANXA3 expression. Scale 
bar, 100 μm; (C) Representative images of EDU staining to assess cell proliferation in HaCaT cells across different groups, with 
quantification of EDU-positive cells. Scale bar, 100 μm; (D) ELISA results showing the levels of inflammatory cytokines (IL-6, IL-1β, 
TNF-α, IL-23, IL-17, and IL-22) in HaCaT cells under various treatment conditions; (E) Western blot analysis of p-p65 and p65 proteins 
in HaCaT cells across different groups, with quantification of relative p-p65 expression; (F) Western blot analysis of p-STAT3 and 
STAT3 proteins in HaCaT cells under different treatment conditions, with quantification of relative p-STAT3 expression. ** indicates 
P < 0.01, *** indicates P < 0.001. EDU, 5-ethynyl-2′-deoxyuridine; ANXA3, Annexin A3; IL, interleukin; TNF-α, tumor necrosis factor-
alpha; STAT3, signal transducer and activator of transcription 3.
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ANXA3 knockdown reduces hyperproliferation and 
inflammatory cytokine expression in IMQ-treated 
mouse skin tissues

We further investigated the effects of ANXA3 knockdown 
on hyperproliferation and cytokine expression in the skin 
tissues of IMQ-treated mice. Immunofluorescence stain-
ing for Ki-67 revealed a decreased proliferation in the 
ANXA3 knockdown group, as indicated by a reduction in 
Ki-67-positive cells (Figure 4A). ELISA analysis of skin tis-
sue homogenates also showed significantly reduced levels 
of proinflammatory cytokines IL-6, IL-1β, TNF-α, IL-23, IL-17, 
and IL-22 in the ANXA3 knockdown group (Figure 4B). These 
results demonstrate that ANXA3 knockdown effectively 
reduces both hyperproliferation and inflammation in psori-
atic skin tissues, supporting its role in modulating psoriatic 
pathology.

ANXA3 knockdown inhibits the NF-κB/STAT3 
pathway in psoriatic skin tissues

To explore the mechanism by which ANXA3 affects pso-
riasis progressi12on, we examined the NF-κB and STAT3 

phosphorylation of STAT3 in the ANXA3 knockdown group 
(Figure 2F). These results indicate that ANXA3 knockdown 
effectively suppresses inflammation and hyperproliferation 
in HaCaT cells, suggesting a regulatory role for ANXA3 in 
psoriasis-related cellular responses.

ANXA3 knockdown alleviates skin lesions in the 
IMQ-induced mouse models 

To assess the impact of ANXA3 knockdown on psoriasis-like 
lesions in-vivo, we employed the IMQ-induced psoriasis 
model in mice. Representative images demonstrate visible 
improvements in skin lesions in ANXA3 knockdown mice 
compared to control groups (Figure 3A). Histological anal-
ysis using H&E staining further showed reduced epidermal 
thickening and inflammatory cell infiltration in the ANXA3 
knockdown group (Figure 3B). Additionally, quantifica-
tion of erythema and scaling scores showed a significant 
decrease in these parameters in ANXA3 knockdown group 
(Figures 3C and 3D). Collectively, these findings indicate 
that ANXA3 knockdown alleviates the severity of psoriatic 
lesions in the IMQ-induced mouse model, highlighting its 
potential as a therapeutic target for psoriasis treatment.
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Figure 3  ANXA3 knockdown alleviates skin lesions in the IMQ-induced mouse model of psoriasis. (A) Representative images 
of mouse back skin showing the effects of ANXA3 knockdown on IMQ-induced skin lesions across different treatment groups;  
(B) H&E staining of skin tissue sections from each group, highlighting histopathological changes after ANXA3 knockdown. Scale bar, 
200 μm; (C) Quantification of erythema scores for each treatment group; (D) Measurement of scaling scores in skin sections from 
different groups, demonstrating the effects of ANXA3 knockdown. * indicates P < 0.05, *** indicates P < 0.001. IMQ, imiquimod; 
H&E, hematoxylin and eosin; ANXA3, Annexin A3.
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Figure 4  ANXA3 knockdown reduces hyperproliferation and inflammatory cytokine expression in IMQ-treated mouse skin tissues. 
(A) Immunofluorescence staining for Ki-67 in skin sections from different treatment groups, indicating cell proliferation levels. 
Scale bar, 200 μm; (B) ELISA results show the concentrations of inflammatory cytokines (IL-6, IL-1β, TNF-α, IL-23, IL-17, and IL-22) in 
skin tissues from each group. *** indicates P < 0.001, representing significant differences. IMQ, imiquimod; ANXA3, Annexin A3; IL, 
interleukin; TNF-α, tumor necrosis factor-alpha.

pathways in psoriatic skin tissues. Western blot analysis 
showed a reduced phosphorylation of p65, a key NF-κB 
subunit, in the ANXA3 knockdown group, with quantifica-
tion indicating a decreased p-p65/p65 ratio (Figure 5A). 
Similarly, western blot analysis of STAT3 pathway showed 
a reduction in p-STAT3 levels in the ANXA3 knockdown 

group, with quantification indicating a decreased p-STAT3/
STAT3 ratio (Figure 5B). These results suggest that ANXA3 
knockdown inhibits the activation of both NF-κB and STAT3 
pathways, providing a mechanistic explanation for its 
anti-inflammatory and antiproliferative effects in psoriatic 
skin.



ANXA3 knockdown alleviates psoriasis via NF-κB/STAT pathway� 39

IL-22, and statin M) as an in-vitro psoriatic model. These 
models are valuable for simulating the psoriatic microen-
vironment and evaluating potential therapeutic targets. In 
the IMQ-induced in-vivo model, we observed that ANXA3 
knockdown significantly alleviated psoriasis-like symptoms, 
including skin erythema, scaling, and thickening, thereby 
reducing overall lesion severity. Similarly, in the HaCaT 
cell model, ANXA3 knockdown reduced cellular hyperpro-
liferation and inflammatory cytokine production. These 
results underscore the utility of our models for investigat-
ing ANXA3’s role in psoriasis and confirm that targeting 
ANXA3 in these settings yields beneficial effects. This also 
validates the relevance of these models for studying the 
molecular mechanisms of psoriasis and testing potential 
therapeutic strategies.

Annexin A3 is a calcium-dependent phospholipid-
binding protein known to regulate various cellular pro-
cesses such as cell proliferation, migration, apoptosis, 
cytoskeletal dynamics, and immune response.20,21 Emerging 
researches has highlighted ANXA3’s involvement in inflam-
matory diseases and malignancies, where it modulates the 
expression of hypoxia-induced inflammatory factors and 
influences inflammation-associated signaling pathways.22,23 
Psoriasis, characterized by inflammation and hyperpro-
liferation, provides a relevant context for investigating 
ANXA3’s role. Our findings demonstrate upregulated ANXA3 
expression in psoriasis, suggesting its potential contri-
bution to disease pathogenesis. Furthermore, the study 

Discussion

Psoriasis is an immune-mediated inflammatory skin disorder 
characterized by red, scaly, and thickened lesions resulting 
from excessive keratinocyte proliferation and immune cell 
infiltration.15,16 The role of inflammatory responses in psori-
asis is well-documented. Studies have indicated that proin-
flammatory cytokines such as TNF-α, IL-1α, IL-17A, and IL-22 
are markedly elevated in psoriatic lesions and contribute 
to the chronic inflammatory state observed in patients.19 
Despite significant research, its pathogenesis remains 
incompletely understood.17,18 This study sought to address 
the gap by investigating Annexin A3 (ANXA3), a protein 
with known regulatory functions in inflammatory and 
malignant conditions, in the context of psoriasis. We found 
that ANXA3 is significantly upregulated in psoriatic skin tis-
sues, suggesting its potential involvement in psoriasis pro-
gression. By examining the effects of ANXA3 knockdown on 
psoriasis-related inflammation and hyperproliferation, we 
provide evidence that supports its potential as a promising 
target for alleviating psoriatic pathology. Additionally, our 
findings emphasize the therapeutic implications of modu-
lating ANXA3 expression to control inflammation.

The use of both in-vivo and in-vitro models is crucial for 
advancing psoriasis research. In this study, we employed 
the IMQ-induced psoriasis-like skin inflammation in mice 
as an in-vivo model and, HaCaT cells stimulated by a mix-
ture of proinflammatory cytokines (TNF-α, IL-1α, IL-17A, 
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Figure 5  Knockdown of ANXA3 inhibits the NF-κB/STAT3 pathway in psoriatic skin tissues. (A) Western blot analysis of 
phosphorylated p65 (p-p65) and total p65 protein levels in skin tissues from different treatment groups, with quantification of 
the relative p-p65/p65 expression; (B) Western blot analysis of phosphorylated STAT3 (p-STAT3) and total STAT3 protein levels 
in skin tissues from each group, with quantification of the relative p-STAT3/STAT3 expression. ** indicates P < 0.01, *** indicates 
P < 0.001, representing significant differences. IMQ, imiquimod; ANXA3, Annexin A3; STAT3, signal transducer and activator of 
transcription 3; NF-κB, nuclear factor kappa-light-chain-enhancer of activated B cells.
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the therapeutic relevance of these pathways in psoriasis 
management.26 Our data indicate that modulating these 
pathways through ANXA3 depletion significantly impacts 
both inflammation and hyperproliferation. Thus, targeting 
ANXA3 or related pathways could yield promising results 
in psoriasis treatment. By implicating ANXA3 in the mod-
ulation of the NF-κB/STAT3 pathway, this study positions 
ANXA3 as a key player in inflammation-driven diseases, 
particularly in the context of psoriasis.

This study has limitations, including the potential chal-
lenges in translating these findings to human patients. 
While our in-vivo and in-vitro models provide valuable 
insights into ANXA3’s function in psoriasis, further studies 
are required to assess the long-term efficacy and safety of 
targeting ANXA3 in clinical settings. Additionally, compre-
hensive investigations are necessary to fully delineate the 
interactions between ANXA3 and other inflammatory path-
ways involved in psoriasis. This deeper understanding may 
reveal novel therapeutic targets or refine ANXA3-based 
interventions for more effective disease management.

In conclusion, our findings demonstrate that ANXA3 
plays a crucial role in driving psoriasis progression by mod-
ulating the NF-κB/STAT3 signaling pathway. We observed 
that ANXA3 knockdown effectively alleviates both psoriatic 
inflammation and hyperproliferation, suggesting that inhib-
iting ANXA3 may represent a promising novel therapeu-
tic strategy for this disease. By elucidating the molecular 
mechanisms underlying ANXA3’s role in psoriasis, this study 
contributes significantly to our understanding of psoriasis 
pathogenesis and offers promising directions for future 
therapeutic developments targeting chronic inflammatory 
skin diseases.
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demonstrated that ANXA3 knockdown significantly reduced 
inflammatory cytokine levels and inhibited hyperprolifer-
ation in both in-vitro and in-vivo psoriasis models. These 
results collectively indicate that ANXA3 may play a crucial 
role in potentiating the inflammatory state and excessive 
cell growth observed in psoriasis. Therefore, targeting 
ANXA3 could represent a novel therapeutic strategy for 
this condition, providing valuable insights into its underly-
ing pathophysiology.

Keratinocyte hyperproliferation is a hallmark of psori-
asis, driving the formation of thickened, scaly lesions that 
define the disease’s clinical presentation.24 Inflammatory 
mediators further exacerbate this hyperproliferation in 
psoriatic lesions, amplifying the abnormal proliferation 
cycle in keratinocytes.25 Targeting this proliferation is 
essential for managing psoriasis symptoms and preventing 
disease progression.25 Our study shows that ANXA3 knock-
down effectively reduces keratinocyte hyperproliferation, 
as evidenced by decreased expression of proliferation 
markers and inflammatory cytokines both in in-vivo and 
in-vitro models. These findings strongly support the poten-
tial of ANXA3 inhibition as a strategy to curb the hyperpro-
liferative and inflammatory processes in psoriasis, offering 
a novel approach for reducing disease severity and improv-
ing patient outcomes.

The NF-κB and STAT3 signaling pathways are key reg-
ulators of inflammation and have been implicated in var-
ious inflammatory and autoimmune diseases, including 
psoriasis.26 Aberrant activation of these pathways is con-
sistently observed in psoriatic lesions, where they promote 
the transcription of proinflammatory cytokines, sustaining 
a feedback loop that perpetuates inflammation and cellular 
proliferation.3 By driving the expression of cytokines such 
as IL-6, IL-8, IL-17, and TNF-α, these pathways contribute to 
the psoriatic phenotype and are thus attractive targets for 
therapeutic intervention.25 Our study reveals that ANXA3 
knockdown suppresses NF-κB and STAT3 activation, indicat-
ing that ANXA3 may modulate psoriasis progression through 
its effects on these pathways. These findings align with our 
observations of reduced inflammation and hyperprolifera-
tion in ANXA3-depleted models, supporting the relevance 
of NF-κB and STAT3 as mechanisms through which ANXA3 
influences psoriatic pathology.

Mechanistically, our study demonstrated that ANXA3 
knockdown specifically inhibits NF-κB and STAT3 pathway 
activation, as shown by reduced phosphorylation levels of 
p65 and STAT3.27 This provides insight into ANXA3’s role in 
facilitating NF-κB/STAT3 signaling in psoriatic skin, suggest-
ing that ANXA3 could act upstream to regulate these path-
ways, thereby exacerbating the inflammatory response. By 
inhibiting NF-κB and STAT3, ANXA3 knockdown attenuates 
inflammatory mediator production and keratinocyte hyper-
proliferation, supporting a role for ANXA3 as a modulator 
of inflammatory signaling in psoriasis. These findings open 
new avenues for investigating ANXA3-related pathways in 
psoriasis and highlight the potential for targeting ANXA3 
to effectively disrupt the proinflammatory cascade that 
drives psoriasis progression.

The involvement of NF-κB and STAT3 in psoriasis and 
other inflammatory diseases underscores their poten-
tial as therapeutic targets.26 The dual inhibition of NF-κB 
and STAT3 as observed in ANXA3 knockdown reinforces 
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