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Targeting WTAP sensitizes hepatocellular carcinoma to sorafenib 
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Abstract: Hepatocellular carcinoma (HCC) often requires targeted therapy and immunotherapy due to frequent delayed diagnosis. 
Sorafenib, the first targeted drug applied to treat HCC, has demonstrated a remarkable therapeutic effect in the clinic. However, 
its clinical application has been limited by drug resistance and the insufficient understanding of the relevant mechanism. Wilms’ 
tumor 1-associated protein (WTAP), associated with tumor progression, remains unstated in sorafenib resistance. In this study, 
WTAP expression patterns in HCC were systematically characterized through integrative analysis of The Cancer Genome Atlas 
(TCGA) datasets and spatial transcriptomic profiling. To delineate the potential mechanisms of WTAP-mediated sorafenib resistance 
in HCC, multimodal approaches integrating gene set enrichment analysis (GSEA), predictions from the “oncoPredict” package 
in vitro experiments, molecular docking simulations, and western blot validation were applied. To further investigate the role of 
WTAP in drug resistance, hydrodynamic tail vein injection (HTVi) mouse models and immunohistochemistry were utilized. 
Significant WTAP upregulation was identified in HCC tissues, showing strong associations with tumor progression and adverse 
clinical outcomes. The knockdown of WTAP sensitized HCC cells to sorafenib in vitro. GSEA, molecular docking analysis, and 
western blot analysis demonstrated that WTAP induces the activation of the extracellular signal-regulated kinase (ERK) signaling 
pathway, a critical link in chemoresistance mechanisms. In the HTVi HCC model, the combination of WTAP knockdown with 
sorafenib markedly suppressed tumor progression and boosted survival rates. These findings highlight that WTAP positively 
regulates the ERK pathway in HCC, promoting sorafenib resistance; therefore, targeting WTAP may represent a novel strategy 
to potentiate sorafenib responsiveness in HCC.
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1 Introduction 

Hepatocellular carcinoma (HCC) persists as a 
critical oncologic challenge, ranking third globally in 

terms of cancer-related mortality, with a 5-year survival 
probability below 23% (Global Burden of Disease 
2019 Cancer Collaboration, 2022; Vogel et al., 2022; 
Siegel et al., 2024). The delayed diagnosis of HCC 
often severely impacts treatment outcomes and patient 
prognosis. Current treatment paradigms for advanced 
HCC primarily revolve around interventional therapy, 
targeted therapy, and immunotherapy (Keating, 2017). 
Sorafenib is a first-generation drug for targeted ther‑
apies for advanced HCC, and its efficacy has been con‐
firmed in clinical trials (Galle et al., 2018). However, 
durable therapeutic responses are limited in most HCC 
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patients due to the early onset of sorafenib resistance, 
significantly compromising treatment efficacy (Xia 
et al., 2020). Sorafenib has also been associated with 
some adverse reactions, such as diarrhea, fatigue, pal‐
moplantar keratoderma, and hyperkeratosis (Zhang DD 
et al., 2024). If the sensitivity of HCC to sorafenib 
could be improved and its effective dose could be re‐
duced, the incidence and degree of adverse reactions 
could also be alleviated. Given the suboptimal response 
rates to current therapies, elucidating the resistance 
mechanisms in targeted therapeutic approaches is 
critical for optimizing therapeutic strategies and clin‐
ical outcomes in HCC management.

Wilms’ tumor 1-associated protein (WTAP), a 
nuclear speckle-localized protein, exhibits functional 
co-localization with splicing factors. Recent research 
has highlighted its pivotal role in promoting tumor 
progression. Specifically, WTAP has been identified 
as a key molecule that promotes breast, lung, colon, and 
especially liver cancer (Chen et al., 2019; Li et al., 
2024; Zhu et al., 2024; Zhou et al., 2025). Our previ‐
ous studies have shown that the promoting effect of 
WTAP in liver cancer is mediated through the cell 
cycle (Chen et al., 2019). However, we did not clarify 
whether WTAP inhibition could be used in combina‐
tion with existing drugs, particularly sorafenib, to im‐
prove treatment outcomes in liver cancer. Thus, we 
hope to further explore whether the therapeutic synergy 
of combined WTAP inhibition and sorafenib can im‐
prove drug sensitivity in targeted therapy for liver 
cancer and explore its potential mechanisms of action.

This study delves into the potential of WTAP to 
potentiate sorafenib sensitivity in HCC cells, revealing 
a promising therapeutic strategy to improve clinical 
survival outcomes.

2 Results 

2.1 Elevated expression and unfavorable prognostic 
association of WTAP in HCC

In this study, to clarify the biological function of 
WTAP, its transcriptional profile in clinical HCC speci‐
mens obtained from The Cancer Genome Atlas (TCGA) 
database was first analyzed. The findings revealed a 
significant upregulation of WTAP expression in the 
tumor tissues of liver cancer patients (Fig. 1a). Consist‑
ently, when paired normal and tumor tissues adjacent 

to HCC (n=50) were compared, a higher expression of 
WTAP was detected in the cancerous tissues (Fig. 1b). 
Spatial transcriptomics data visually confirmed the sig‐
nificant upregulation of WTAP transcript levels in HCC 
tissues from liver cancer patients (Fig. 1c). Immuno‑
histochemical profiling of HCC specimens archived 
in the Human Protein Atlas (HPA) revealed signifi‐
cantly elevated WTAP protein expression compared 
with that in non-neoplastic hepatic tissues (Fig. 1d). 
The WTAP expression levels showed a statistically 
significant association with HCC clinical stage (P<
0.05; Fig. 1e), suggesting that patients with more ad‐
vanced clinical stages typically exhibit higher WTAP 
transcript levels. Furthermore, Kaplan-Meier survival 
analysis indicated that higher WTAP messenger RNA 
(mRNA) expression is predictive of a poorer overall 
survival rate (P<0.001; Fig. 1f).

2.2 Diminished susceptibility of HCC cells to 
sorafenib therapy by WTAP in vitro

In order to investigate the role of WTAP in targeted 
therapy for HCC, we leveraged data from the Gene 
Expression Omnibus (GEO) dataset (GSE199092) and 
observed that the treatment with sorafenib (7.5 μmol/L 
for 3 d) led to an upregulation of WTAP mRNA expres‐
sion in the HepAD38 wild-type (WT) cell line (Fig. 2a), 
suggesting a potential link between WTAP and resist‑
ance to HCC targeted therapy. Subsequent GSEA of 
WTAP single-gene differential expression data from 
TCGA database revealed significant enrichment of the 
“primary bile acid biosynthesis” and “drug metabo‐
lism cytochrome P450 pathways” (Fig. 2b). The litera‐
ture has reported that alterations in the metabolic flux 
of the tumor microenvironment, particularly lipid me‐
tabolism, can contribute to increased cellular resist‑
ance to drugs (Cao, 2019; Tang et al., 2020). Cyto‐
chrome P450, a membrane-bound protein, plays a 
pivotal role in drug detoxification and cellular metab‐
olism (Zhao et al., 2021) and can serve as a target for 
anticancer treatments and a biomarker within tumor 
cells (Paolini et al., 2017; Wang et al., 2020). Therefore, 
we hypothesized that WTAP is associated with resist‑
ance to targeted therapies in HCC. By utilizing the R 
package “oncoPredict” to predict the sensitivity of HCC 
to sorafenib treatment, high expression levels of WTAP 
were found to be correlated with increased resistance 
to HCC-targeted therapies, while lower WTAP levels 
were found to enhance the sensitivity of HCC to 
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sorafenib treatment (Fig. 2c). WTAP-knockdown Huh7 
cells were generated using two small interfering RNAs 
(siRNAs; siWTAP1 and siWTAP2), and both WTAP 
interference RNAs decreased WTAP protein expres‐
sion (Fig. 2d). Furthermore, WTAP knockdown ame‐
liorated the resistance of Huh7 cells to sorafenib com‐
pared with siRNA control (siControl) combined with 
sorafenib (Fig. 2e). Collectively, these data suggest 

that the inhibition of WTAP could enhance sorafenib 
sensitivity in HCC.

2.3 Targeting WTAP with siWTAP for potentiating 
sorafenib efficacy in HCC treatment in vivo

In order to elucidate the in vivo efficacy of siRNA-
targeting WTAP in combination with sorafenib in a 
murine model of HCC, an HCC model was initially 

Fig. 1  Association of upregulation of Wilms’ tumor 1-associated protein (WTAP) in hepatocellular carcinoma (HCC) with 
adverse outcomes. (a) The Cancer Genome Atlas (TCGA) database was utilized to analyze the messenger RNA (mRNA) 
expression of WTAP in HCC. (b) WTAP mRNA expression in 50 pairs of HCC tissues in the TCGA cohort. (c) Spatial 
feature plots of the signatures of WTAP based on spatial hematoxylin and eosin (HE) staining of HCC-N (normal) and 
HCC-T (tumor) tissue sections. (d) Representative immunohistochemistry (IHC) images of WTAP in normal and HCC 
tissues were obtained from the Human Protein Atlas (HPA) database. (e) The analysis of TCGA database showed significant 
differences in WTAP mRNA expression among different cancer stages and tumor grades (P<0.05). (f) Kaplan-Meier 
survival analysis demonstrated a significantly higher survival rate in the low-WTAP group compared with the high-WTAP 
group (P<0.001).
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established using protein kinase B (AKT)/Ras plasmids. 
One month post-inoculation, the mice were adminis‐
tered sorafenib at a dosage of 12.5 mg/kg daily via oral 
gavage and siWTAP at 1 mg/kg via tail vein injection 
every 3‒4 d for a total of five injections (Fig. 3a). The 
experimental groups received corn oil, siControl, com‐
bined sorafenib (12.5 mg/kg) with siControl, or com‐
bined sorafenib (12.5 mg/kg) with siWTAP (Fig. 3b). 
Notably, compared with the control group, sorafenib 
alone inhibited tumor growth and improved the health 
status of the mice, while the combination of sorafenib 
with siWTAP had a more significant tumor inhibition 
effect and could effectively prolong the survival time 
of the mice (Fig. 3c). Data on the body weight of the 
siRNA-treated mice indicated that the depletion of 
WTAP in hepatocytes was effective (Fig. 3d). Terminal 

deoxynucleotidyl transferase dUTP nick end labeling 
(TUNEL) apoptosis marker and Ki67 staining con‐
firmed that siWTAP enhanced the drug sensitivity to 
sorafenib. TUNEL apoptosis marker staining showed 
that the apoptosis of liver cancer cells in mice was 
increased after treatment with sorafenib, and its de‐
gree was significantly increased after treatment with 
siWTAP and sorafenib. Ki67 staining revealed that 
the proliferation of liver cancer cells in mice was sig‐
nificantly inhibited after treatment with siWTAP and 
sorafenib, compared with that in the mice treated 
with sorafenib alone. siWTAP enhanced the sensi‐
tivity of HCC cells to sorafenib (Fig. 3e). Collectively, 
our findings suggest that targeting WTAP may serve as 
a potential sensitizer for molecular targeted therapy in 
HCC.

Fig. 2  Resistance of hepatocellular carcinoma (HCC) cells to sorafenib following targeting Wilms’ tumor 1-associated protein 
(WTAP) in vitro. (a) The expression of WTAP messenger RNA (mRNA) in HepAD38 wild-type (WT) cells treated with sorafenib 
(7.5 μmol/L, 3 d) based on Gene Expression Omnibus (GEO) dataset (GSE199092). DMSO: dimethyl sulfoxide; Sora: sorafenib. 
(b) Gene set enrichment analysis (GSEA) revealed significant enrichment of the PRIMARY_BILE_ACID_BIOSYNTHESIS 
and DRUG_METABOLISM_CYTOCHROME_P450 pathways in HCC samples stratified by low-WTAP and high-WTAP 
expression levels, as determined by RNA sequencing (RNA-seq) data from The Cancer Genome Atlas (TCGA) database. 
KEGG: Kyoto Encyclopedia of Genes and Genomes. (c) The differential expression groups of WTAP were used to predict 
sensitivity to sorafenib treatment. IC50: half maximal inhibitory concentration. (d) Western blot analysis was performed to 
determine the transfection efficiency in Huh7 cells. GAPDH: glyceraldehyde-3-phosphate dehydrogenase. (e) A dose‒response 
curve was generated to evaluate the effect of WTAP knockdown on sorafenib-treated HCC cells. The data are expressed 
as mean±standard error of the mean (SEM), n=3. ** P<0.01.
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Fig. 3  Increased sensitivity of hepatocellular carcinoma (HCC) to sorafenib by Wilms’ tumor 1-associated protein (WTAP) 
knockdown in vivo. (a) Schematic representation of siWTAP treatment in combination with sorafenib (12.5 mg/kg) in protein 
kinase B (AKT)/Ras HCC mouse models. (b) Orthotopic and macroscopic appearance of livers extracted from AKT/Ras mice 
30 d post-treatment with siControl, combined sorafenib (12.5 mg/kg) with siControl, or combined sorafenib (12.5 mg/kg) 
with siWTAP. (c) Kaplan-Meier estimation of survival over time in AKT/Ras mice (siControl, n=4; sorafenib, n=5; 
sorafenib+siWTAP, n=5) analyzed by log-rank test (Mantel-Cox). (d) Quantification of body weight at the end of the single 
or combination treatment. (e) Representative images and quantitative analyses of terminal deoxynucleotidyl transferase dUTP 
nick end labeling (TUNEL) fluorescence staining and Ki67 immunohistochemistry (IHC) staining in AKT/Ras mice treated 
with either monotherapy or combination therapy. The data are expressed as mean±standard error of the mean (SEM), n=3. 
* P<0.05, ** P<0.01, *** P<0.001, **** P<0.0001; ns: not significant. Sora: sorafenib.

314



Journal of Zhejiang University-SCIENCE B   2026 27(3):310-320    |

2.4 WTAP regulation of sorafenib resistance in 
HCC through the ERK signaling pathway

Drug resistance in targeted therapy most com‐
monly develops by the reactivation of the extracellular 
signal-regulated kinase (ERK) cascade, which allows 
tumors to acquire resistance to the drug through a 
series of signal transduction upregulation mechanisms 
(Johannessen et al., 2013; Lu et al., 2017; Sugiura 
et al., 2021). To investigate whether WTAP modulates 
the sensitivity of HCC to targeted therapies through 
the ERK signaling pathway, we conducted a GSEA 
with WTAP as a single gene to identify downstream 
targets regulated by the WTAP epigenetic axis in HCC. 
The analysis revealed a significant positive correlation 
between WTAP expression and the ERK (mitogen-
activated protein kinase (MAPK)) pathway (P<0.001; 
Fig. 4a). By visualizing the three-dimensional (3D) 
molecular structures of WTAP and MAPK from the 
AlphaFold database using PyMOL software, multiple 
potential binding sites could be predicted between 
WTAP and ERK, suggesting a possible interaction 
between the two proteins (Fig. 4b). Further analysis 
using the scatter plot correlation tool from the Gene 
Expression Profiling Interactive Analysis (GEPIA) 
database (https://gepia.cancer-pku.cn/index.html) con‐
firmed a strong correlation between WTAP and ERK 
(MAPK), with an R value of 0.62 (Fig. 4c). Western 
blot experiments in Huh7 cells after WTAP knock‐
down showed that reducing WTAP levels decreased 
the phosphorylation levels of the ERK pathway, thereby 
exerting a positive regulatory effect (Fig. 4d). Building 
upon the spatial hematoxylin and eosin (HE) staining 
results of WTAP in the HCC-N (normal) and HCC-T 
(tumor) specimens (Fig. 1c), we performed parallel 
spatial mapping of ERK (MAPK) while maintaining 
consistency. A joint evaluation of both datasets iden‐
tified positively correlated expression patterns between 
WTAP and ERK (MAPK) in the spatial transcriptomics 
analysis (Fig. 4e). Phosphorylated ERK (p-ERK) stain‐
ing revealed that, in mice treated with sorafenib or the 
combination of sorafenib with siWTAP, ERK activation 
in mouse liver cancer cells was significantly reduced 
compared with that in mice treated with sorafenib 
alone. These results are consistent with the spatial tran‐
scriptome data (Fig. 4f). Lastly, Kaplan-Meier analy‐
sis evaluating the co-expression patterns of WTAP and 
MAPK demonstrated reduced overall survival in HCC 
patients exhibiting dual elevated expression compared 

with other cohorts (P=0.011), most notably versus those 
displaying low co-expression levels of WTAP and 
MAPK (Fig. 4g). These data advance our understand‐
ing of the molecular mechanisms of WTAP in HCC-
targeted therapy and may offer potential targets for 
optimizing therapeutic regimens.

3 Discussion 

This investigation aimed to tackle the current clin‐
ical challenges posed by HCC, a globally prevalent 
malignancy with roughly 700 000 new cases detected 
annually (Vogel et al., 2022). According to the current 
scientific consensus, the development of liver cancer 
is recognized as a multi-step progression mediated 
by diverse genetic predispositions and environmental 
exposures (Dhar et al., 2018), in which the dynamic 
interaction between these factors and cross-talk among 
signaling pathways collectively drive HCC progression 
and foster its characteristic heterogeneity (Marquardt 
and Thorgeirsson, 2014). As the first U.S. Food and 
Drug Administration (FDA)-approved molecular tar‐
geted drug, sorafenib has been shown to have benefi‐
cial clinical effects (Cheng et al., 2009), exerting its 
antitumor effects by inhibiting the Raf/MAPK signal‐
ing pathway (Zhu et al., 2017). However, liver cancer 
often develops resistance to sorafenib during continu‐
ous drug administration, necessitating the need for new 
therapies (Chen et al., 2015). Our research was driven 
by the need to understand the mechanism of resist‑
ance to targeted therapies, which represents a signifi‐
cant barrier to improving treatment efficacy and pa‐
tient prognosis.

There is already a volume of research addressing 
potential mechanisms of resistance to targeted therapies 
in liver cancer. For instance, methylation modifications 
were shown to play a crucial role in sorafenib resist‑
ance in HCC (Shi et al., 2024; Fu et al., 2025), with 
the methylated circRNA-SORE (a circular RNA up‐
regulated in sorafenib-resistant HCC cells) maintain‐
ing sorafenib resistance in liver cancer by regulating 
β-catenin signaling (Xu et al., 2020b). Zhang XY et al. 
(2024) elucidated the YTH domain-containing family 
protein 1 (YTHDF1)–N 6-methyladenosine (m6A)–
neurogenic locus notch homolog protein 1 (NOTCH1) 
axis in the regulation of resistance to sorafenib and len‐
vatinib. m6A RNA methylation-mediated hepatocyte 
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Fig. 4  Wilms’ tumor 1-associated protein (WTAP) regulation of the extracellular signal-regulated kinase (ERK) pathway 
in hepatocellular carcinoma (HCC). (a) The gene set enrichment analysis (GSEA) results reveal a significant positive 
correlation between WTAP expression and the ERK (mitogen-activated protein kinase (MAPK)) pathway. KEGG: 
Kyoto Encyclopedia of Genes and Genomes. (b) Docking analysis demonstrates the interaction between WTAP and ERK. 
(c) Gene expression profiling interactive analysis (GEPIA) (https://gepia.cancer-pku.cn/index.html) confirms the correlation 
between WTAP and ERK (MAPK). TPM: transcripts per million. (d) Protein levels of WTAP and ERK pathway markers 
(ERK and phosphorylated ERK (p-ERK)) upon WTAP knockdown by western blotting in Huh7 cells. GAPDH: 
glyceraldehyde-3-phosphate dehydrogenase. (e) Spatial hematoxylin and eosin (HE) staining and spatial feature plots of 
the signatures of WTAP (the same as Fig. 1c) and ERK (MAPK) in HCC-N (normal) and HCC-T (tumor) tissue sections. 
(f) Representative images and quantitative analysis of phosphorylated MAPK (p-MAPK) immunohistochemistry (IHC) 
staining in protein kinase B (AKT)/Ras mice treated with either monotherapy or combination therapy. Sora: sorafenib. 
The data are expressed as mean±standard error of the mean (SEM), n=3. * P<0.05, **** P<0.0001. (g) Overall survival 
analysis of HCC patients stratified by ERK (MAPK) expression status in the WTAP-high and WTAP-low groups according 
to The Cancer Genome Atlas (TCGA) data.
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nuclear factor 3γ (HNF3γ) is another potential resist‑
ance mechanism (Zhou et al., 2020). Additionally, heat 
shock protein 90β (HSP90β) regulates STIP1 homology 
and U box-containing protein 1 (STUB1)-induced 
YTHDF2 ubiquitination, which is involved in the resist‑
ance mechanism of HCC to sorafenib (Liao et al., 2023). 
Xu et al. (2020a) reported that circRNA-SORE medi‐
ates sorafenib resistance by stabilizing Y-box-binding 
protein 1 (YBX1). While WTAP as a binding partner of 
Wilms’ tumor 1 (WT1) is well-known for its methyla‐
tion functions (Liu et al., 2014), previous findings from 
our team indicated that it enhances the proliferation 
of liver cancer cells by silencing ETS proto-oncogene 1 
(ETS1) (Chen et al., 2019). However, whether WTAP 
can improve the efficacy of existing targeted drugs in 
liver cancer treatment has not been investigated.

The findings of this study revealed that WTAP 
plays a critical role in HCC. The analysis of TCGA 
dataset demonstrated elevated WTAP expression in liver 
cancer tumor tissues, suggesting a correlation between 
high WTAP levels and poor prognosis. The significant 
association between WTAP expression and advanced 
clinical tumor stage, along with Kaplan-Meier survival 
analysis, further confirmed that WTAP is associated 
with poor prognosis. These results are consistent with 
our prior investigation (Chen et al., 2019). In vitro 
studies further clarified the role of WTAP in drug resist‑
ance, demonstrating that WTAP knockdown sensitizes 
HCC cells to sorafenib, a standard targeted therapy 
drug for HCC. This finding is particularly significant, 
as the high expression of WTAP is associated with 
increased resistance to targeted therapy, as predicted 
by the R package “oncoPredict” (Maeser et al., 2021). 
Co-treatment with siWTAP and sorafenib demonstrated 
synergistic activity in promoting chemosensitivity and 
triggering apoptotic cell death in HCC cells, under‐
scoring the therapeutic potential of WTAP for over‐
coming drug resistance.

In vivo studies corroborated our in vitro findings, 
demonstrating that the combination of siWTAP with 
sorafenib significantly inhibited tumor growth and 
improved the health status of mice with HCC compared 
with sorafenib alone. This suggests that targeting WTAP 
could potentially enhance the efficacy of sorafenib, pro‐
viding a novel strategy for HCC treatment.

Furthermore, our research uncovered the molecu‐
lar mechanisms by which WTAP may regulate drug 
resistance. The ERK (MAPK) pathway encompasses 

multiple signaling cascade frameworks that rely on 
phosphorylation events for activation, with various 
interacting pathways involved. These activated kinases 
participate in controlling cellular growth, differentiation, 
proliferation, apoptosis, and migration, and are signifi‐
cant players in tumorigenesis (Santarpia et al., 2012; 
Braicu et al., 2019; Sugiura et al., 2021). ERK is a well-
known key molecule in cell signal transduction, and is 
involved in the development of drug resistance (Zhang 
et al., 2009). Our data revealed a strong positive asso‐
ciation between WTAP levels and ERK/MAPK sig‐
naling activity. Molecular docking analysis further sup‐
ported the interaction between WTAP and MAPK, and 
protein immunoblot analysis confirmed the downregu‐
lation of ERK phosphorylation after WTAP knockdown.

While our study provides valuable insights into 
the role of WTAP in HCC, there are limitations that 
warrant further investigations. First, our analysis was 
focused on a single gene, WTAP, and did not explore 
the broader landscape of genes involved in HCC pro‐
gression and drug resistance. Second, this study pri‐
marily addressed post-transcriptional regulation and 
failed to delve into the potential transcriptional control 
of WTAP. Third, while our in vivo results suggest a 
synergistic effect of WTAP knockdown with sorafenib, 
the long-term effects and potential side effects of this 
combination therapy in a clinical setting have yet to be 
determined. Finally, the specific mechanisms by which 
WTAP interacts with the ERK pathway require further 
elucidation, as does the exploration of other potential 
signaling pathways that may be influenced by WTAP.

Targeting WTAP to overcome sorafenib resistance 
by siRNA knockdown strategy has certain limitations 
and technical challenges. The knockdown efficiency 
and specificity of siWTAP may be affected by various 
factors, including sequence composition, chemical modi‑
fication patterns, and delivery methods (Hu et al., 
2020). All these factors make differences in efficacy 
and off-target effects. At the same time, due to the cru‐
cial role of WTAP in the RNA methylation process, its 
systematic knockdown may disrupt normal cellular 
functions. To overcome these challenges, our future 
research will adopt an integrated optimization approach, 
combining the use of established bioinformatics tools 
for computational prediction of off-target effects, as 
well as a rational sequence design considering thermo‐
dynamic parameters and secondary structure. More‐
over, we may attempt to construct liver-specific delivery 
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systems, such as N-acetylgalactosamine (GalNAc) link‐
age (Prakash et al., 2016), to enhance tissue-specific 
targeting and to minimize systemic effects. These op‐
timization strategies will be systematically evaluated 
through well-designed animal experiments to rigor‐
ously test their therapeutic effects and biological safety, 
thereby promoting the translational application of this 
therapy to target WTAP.

4 Conclusions 

Our study provides compelling evidence for the 
role of WTAP in HCC progression and drug resistance. 
By targeting WTAP, we may be able to sensitize HCC 
cells to sorafenib, offering a promising avenue for 
improving patient outcomes. Future research should 
focus on validating these findings in larger cohorts and 
exploring the potential of WTAP as a therapeutic 
target in HCC.
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