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Abstract. – OBJECTIVE: Vacuolar protein 
sorting-associated protein 29 (VPS29) plays a 
certain role in cancer, but its biological signif-
icance in hepatocellular carcinoma (HCC) has 
not been studied. We utilized bioinformatics and 
Mendelian randomization (MR) analysis to ex-
plore the potential function of the VPS29 gene in 
HCC, as well as the causal relationship between 
VPS29 protein and HCC. 

MATERIALS AND METHODS: We download-
ed the raw data from TCGA, GEO, and IEU 
OpenGWAS databases. We used R software for 
data processing and analysis to explore the re-
lationship between the VPS29 gene and the ex-
pression, prognosis, clinical features, methyl-
ation, immune microenvironment, tumor muta-
tion burden, and drug sensitivity in HCC pa-
tients. Additionally, a two-sample Mendelian 
randomization analysis was conducted to in-
vestigate the causal relationship between the 
VPS29 protein and HCC.

RESULTS: VPS29 was found to be overex-
pressed in various types of cancer, including 
HCC, and its elevated expression often pre-
dicts poor prognosis in HCC patients. Univari-
ate and multivariate Cox analysis demonstrat-
ed that VPS29 was an independent prognostic 
factor in HCC patients. The ROC curve indicated 
that VPS29 has a high diagnostic value in HCC. 
There were differential expressions of VPS29 
in various clinical feature subgroups. The ex-
pression of VPS29 was negatively correlated 
with methylation levels, and multiple methyla-
tion sites were identified in the promoter region, 
including cg20877181, cg03867797, cg10025392, 
cg21605021, which were associated with poorer 
overall survival (OS) at low methylation levels. 
VPS29 was associated with immune cell infiltra-
tion disorders, including CD8+ T cells, Eosin-
ophils, Neutrophils, Tcm, NK CD56bright cells, 
TFH, Th2 cells, Th17 cells, etc. Drug sensitivi-
ty analysis showed that VPS29 could be indic-
ative of treatment response to 10 common an-
tineoplastic drugs in different expression sub-
groups. Inverse variance weighted (IVW) anal-
ysis revealed a significant increase in HCC risk 

associated with VPS29 [odds ratio (OR): 1.440; 
95% confidence interval (CI): 1.195-1.736], and 
sensitivity analysis showed no heterogeneity or 
pleiotropy.

CONCLUSIONS: VPS29 is a risk factor for the 
occurrence and progression of HCC and may 
serve as a molecular biomarker for the diagno-
sis and prognosis of HCC.
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Introduction

Hepatocellular carcinoma (HCC), the most 
common type of liver cancer, is a malignancy 
with significant heterogeneity and strong aggres-
siveness1. It results from an interplay between 
multiple factors, such as viruses and ingestion 
factors2,3, and commonly presents insidiously at 
onset4. Despite the continuous improvement in 
treatment strategies for HCC, the 5-year survival 
rate for HCC patients worldwide remains discour-
aging4,5. Patients suffering from HCC generally 
have a poor prognosis, which is a critical difficul-
ty in current clinical treatment. To improve the 
prognosis of patients with HCC, it is necessary to 
look for effective and reliable signature genes that 
may contribute to clinical treatment.

Vacuolar protein sorting-associated protein 29 
(VPS29) belongs to a group of vacuolar protein 
sorting genes. The protein encoded by VPS29 
is a component of a large multimeric complex. 
VPS29 protein is a component of both retromer 
(VPS26/VPS29/VPS35) and retriever (DSCR3/
VPS29/C16orf62) complexes. These are two dis-
tinct yet interconnected complexes that, in con-
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junction with the CCDC22/CCDC93/COMMD 
(CCC) complex, regulate the endosome-to-plas-
ma membrane and endosome-to-trans-Golgi net-
work (TGN) recycling of transmembrane car-
go6-8. VPS29 protein, being an integral part of 
the retromer and retriever complexes, is likely to 
have a central role in coordinating the activity 
and communication between various retrieval 
machines by interacting with cooperating pro-
teins6. Current studies9-12 suggest significant roles 
for the retromer complex in growth factor recep-
tor trafficking and intracellular signaling, both 
factors having potential implications on their 
oncogenic capabilities. Among them, the VPS35 
gene has been found to be associated with HCC13, 
gastric cancer14, and colorectal cancer14. Within 
hepatocytes, the VPS35 protein regulates the 
transport of receptor tyrosine kinase fibroblast 
growth factor receptor 3 (FGFR3), and changes 
in its mutation and expression levels can affect 
cell proliferation through the phosphatidylinositol 
3-kinase (PI3K)/AKT signaling pathway13. This 
literature suggests that subunits of the retromer 
complex may disrupt cell signaling and drive can-
cer progression, and the role of VPS29 in cancer 
is yet to be fully explored.

In recent years, genome-wide association stud-
ies (GWAS) have accumulated millions of datasets 

that link genetic variations to complex diseases 
or phenotypes15. Mendelian randomization (MR) 
analysis utilizes genetic variations as instrumen-
tal variables for exposure, which can strengthen 
causal inferences of exposure-outcome associ-
ations by minimizing confounding factors and 
reverse causality16. In this study, a comprehen-
sive bioinformatics approach combined with MR 
analysis was employed to deeply investigate the 
expression, biological functions, prognostic role, 
and diagnostic value of the VPS29 gene in HCC, 
as well as to assess the causal relationship be-
tween VPS29 protein and HCC. The flowchart of 
this study is shown in Figure 1.

Materials and Methods

Data Collection and Pan-Cancer Analysis
The expression levels of VPS29 in 33 can-

cer types were obtained from the TCGA da-
tabase (https://tcga-data.nci.nih.gov/tcga/). We 
acquired mRNA expression data, clinical infor-
mation, methylation data, and tumor mutation 
data (including 374 HCC tissue samples and 50 
normal liver tissue samples) from TCGA-LIHC. 
The expression levels of VPS29 in HCC were 
further validated using multiple independent 

Figure 1. Process flowchart.
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datasets downloaded from the GEO database 
(https://www.ncbi.nlm.nih.gov/geo/), including 
GSE76427, GSE36376, GSE45436, GSE62232, 
GSE63898, GSE112790, and GSE121248. The 
GWAS summary data of VPS29 and HCC were 
obtained from the integrative epidemiology 
unit (IEU) Open GWAS database (https://gwas.
mrcieu.ac.uk/). The study populations were of 
European ancestry, and the search codes were 
“prot-a-3203” and “finn-b-C3_LIVER_INTRA-
HEPATIC_BILE_DUCTS”. The differential ex-
pression of VPS29 in different cancer tissues and 
their corresponding normal tissues was com-
pared. Univariate Cox analysis was performed 
to identify the impact of VPS29 expression lev-
els on the survival of different cancer patients. 
R packages “ggpubr” and “orestplot” were used 
to visualize the results through boxplots and 
forest plots.

The Prognostic and Diagnostic Value of 
VPS29 in HCC

The differential expression of VPS29 in HCC 
and normal tissues was validated through mul-
tiple independent datasets. Based on the TC-
GA-LIHC dataset, HCC patients were divided 
into a high VPS29 expression group and a low 
VPS29 expression group. Kaplan-Meier (K-M) 
plots were conducted using the “survival” and 
“survminer” packages to investigate the relation-
ship between VPS29 expression and the prognosis 
[overall survival (OS), disease-specific survival 
(DSS), and progress-free interval (PFI)] of HCC 
patients. The “timeROC” package in R was used 
to plot receiver operating characteristic (ROC) 
curves to assess the sensitivity and accuracy of 
VPS29 in predicting HCC prognosis and diagno-
sis. Univariate and multivariate Cox regression 
analyses were performed to evaluate whether 
VPS29 is an independent factor in predicting 
OS in HCC patients. Boxplots were generated to 
demonstrate the correlation between VPS29 and 
different clinical subtypes.

Methylation Analysis
We employed Spearman correlation analysis 

to evaluate the relationship between the methyl-
ation levels of the VPS29 promoter region and its 
mRNA expression levels. Liver cancer patients 
were divided into a high methylation group and 
a low methylation group according to the median 
methylation level of VPS29. K-M survival analy-
sis was performed to assess the prognostic value 
of VPS29 methylation sites.

Drug Sensitivity, Tumor Immune 
Microenvironment (TIME), and Tumor 
Mutation Burden (TMB) Analysis

Using the R package “oncoPredict”, we pre-
dicted the sensitivity of HCC patients to common-
ly used anticancer drugs. The ridge regression 
method was employed to calculate the half-maxi-
mal inhibitory concentration (IC50) of the drugs, 
and the difference in IC50 between the high and 
low VPS29 expression groups was compared. 
The TIDE database (http://tide.dfci.harvard.edu/) 
was used to analyze the immune therapy scores 
of each patient in the TCGA-LIHC dataset, eval-
uating the response to immunotherapeutic drugs 
in the high and low VPS29 expression groups. 
The infiltration of 24 immune cell types in HCC 
samples was assessed using the single-sample 
gene set enrichment analysis (ssGSEA) algorithm 
provided by the R package “GSVA” (Barcelona, 
Catalonia, Spain). Since TMB is associated with 
immune therapy response, we used Spearman 
correlation analysis to evaluate the relationship 
between TMB scores and VPS29 expression.

Screening Co-Expressed Genes and 
Differentially Expressed Genes

We identified genes that were co-expressed 
with VPS29 (|R| > 0.6, p < 0.001). Univariate 
regression analysis was conducted to explore the 
prognostic impact of these co-expressed genes. 
The R package “limma” (Parkville, Victoria, 
Australia) was used to identify differentially ex-
pressed genes (DEGs) between the high and low 
VPS29 expression groups, with |log2FC| > 1 and 
FDR < 0.05 considered as significant criteria.

Gene Enrichment Analysis
We used the R package “clusterProfiler” 

(Guangzhou, China) to conduct gene ontology 
(GO), Kyoto Encyclopedia of Genes and Ge-
nomes (KEGG), and gene set enrichment analysis 
(GSEA) on DEGs, with the Hallmark v7.2 gene 
set used for the GSEA in this study.

Two-Sample Mendelian 
Randomization Analysis

To meet the three basic assumptions for us-
ing single nucleotide polymorphisms (SNP) as 
IV in MR analysis, the following criteria were 
employed to select IV: (1) SNP associated with 
VPS29 protein at the genome-wide significance 
level (p < 5 × E-06). (2) Exclusion of SNP in 
linkage disequilibrium (LD) (within a 10,000 kb 
window, r2 > 0.001) to ensure the independent 
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contribution of the selected SNP. (3) Removal of 
SNP with an F-statistic less than 10 to ensure suf-
ficiently strong instrumental variables. (4) Exclu-
sion of SNP that are significantly associated with 
the outcome (p < 5 × E-08). (5) Harmonization 
of all IVs to ensure that the effects of the SNPs 
on the exposure and outcome correspond to the 
same alleles.

The R package “TwoSampleMR” (Bristol, 
UK) was used for MR analysis. Inverse variance 
weighting (IVW) was employed as the primary 
analytical method, while MR-Egger, weighted 
median, weighted mode, and simple mode were 
used as complementary methods. A sensitivity 
analysis was then conducted, and the second and 
third assumptions were indirectly tested. First, 
we assessed the level of horizontal pleiotropy of 
the IVs using the MR-PRESSO global test and 
MR-Egger regression. Second, Cochran’s Q test 
was performed to evaluate the heterogeneity of 
IVW and MR-Egger regression. Additionally, a 
leave-one-out analysis was conducted to identify 
individual SNP that might improperly influence 
the MR estimates.

Statistical Analysis
The correlation analysis between the two vari-

ables was conducted using the Spearman analysis 
method. The Wilcoxon rank-sum test was used to 
analyze the differences between the two groups. 
The Kruskal-Wallis test was employed for dif-
ferences analysis among more than two groups. 
K-M curves and Cox proportional hazards regres-
sion models were applied for survival analysis. 
Statistical analysis and graphical visualization 
were performed using R software (version 4.3.1) 
(Auckland, New Zealand). In the above analysis, 
p < 0.05 is considered statistically significant.

Results

Analysis of VPS29 in Pan-Cancer
We analyzed the mRNA expression of VPS29 

in pan-cancer using the TCGA dataset. Among 
the 33 types of cancer, 15 showed differential 
expression of VPS29. The expression level of 
VPS29 was significantly upregulated in blad-
der cancer (BLCA), breast invasive carcinoma 
(BRCA), cervical cancer (CESC), cholangiocar-
cinoma (CHOL), colon adenocarcinoma (COAD), 
esophageal carcinoma (ESCA), glioblastoma 
multiforme (GBM), KIRC (kidney renal clear cell 

carcinoma), KIRP (kidney renal papillary cell 
carcinoma), LIHC (liver hepatocellular carcino-
ma), LUAD (lung adenocarcinoma), LUSC (lung 
squamous cell carcinoma), STAD (stomach ad-
enocarcinoma), and THCA (thyroid carcinoma). 
Conversely, VPS29 expression was downregulat-
ed only in KICH (kidney chromophobe) (Figure 
2A). Univariate Cox regression analysis showed 
a significant correlation between the expression 
level of VPS29 and the OS of patients in bladder 
cancer (BLCA), cervical cancer (CESC), esoph-
ageal carcinoma (ESCA), low-grade gliomas 
(LGG), liver hepatocellular carcinoma (LIHC), 
and adenocarcinoma of prostate (PRAD) (Figure 
1B). Additionally, we validated the expression 
level of VPS29 in HCC using multiple indepen-
dent cohorts, showing significant upregulation of 
VPS29 in HCC (Figure 2C-J).

The Prognostic and Diagnostic Value of 
VPS29 in HCC

K-M survival analysis revealed the prognostic 
role of VPS29 in HCC. We found that increased 
expression of VPS29 in HCC patients in the TC-
GA-LIHC dataset was significantly associated 
with worse OS, DSS, and PFI (p < 0.005) (Fig-
ure 3A-C). Through univariate and multivariate 
Cox regression analysis, we identified VPS29 as 
a reliable and independent predictor for predict-
ing OS in HCC patients (p < 0.05) (Figure 3D-
E). Subsequently, a column chart was created 
with VPS29 and clinical parameters to predict 
1-year, 3-year, and 5-year OS in the entire co-
hort (Figure 3F). The ROC curve demonstrates 
that VPS29 exhibits a high level of accuracy in 
predicting and diagnosing HCC patients, partic-
ularly in terms of diagnosing HCC, with an area 
under the curve (AUC) of 0.925 (Figure 3G-H). 
To explore the correlation between VPS29 and 
clinical features, we evaluated the differential 
expression of VPS29 among different subgroups 
of clinical parameters, including age, gender, 
tumor stage, histological grade, tumor status, 
albumin (ALB), and alpha-fetoprotein (AFP) 
(Figure 4A-F).

Methylation Analysis
DNA methylation is a common epigenetic 

modification, and an increase in methylation 
levels often inhibits the transcription process of 
genes, thereby affecting gene expression. The 
Spearman correlation analysis results revealed 
a negative correlation (R = -0.23, p = 8.9e-06) 
between the methylation level of the VPS29 pro-
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moter region and its mRNA expression (Figure 
5A). Subsequently, we identified 9 methylation 
sites (cg20877181, cg17382939, cg00278366, 
cg03867797, cg05942736, cg21605021, 
cg10414229, cg10025392, cg21868995), among 
which all sites, except cg21868995, exhibited 
a negative correlation with VPS29 expression 
(Figure 5B-J). Based on the median methyl-
ation level at each site, HCC patients were 
divided into high methylation and low meth-

ylation groups, and K-M survival analysis was 
performed to compare OS between the two 
groups. The results indicated that high meth-
ylation levels at the cg20877181, cg03867797, 
cg10025392, and cg21605021 sites were asso-
ciated with better prognosis (Figure 5K-N). 
These findings suggest that the methylation 
level of VPS29 may serve as a potential prog-
nostic biomarker and may play an important 
role in the progression of HCC.

Figure 2. Analysis of VPS29 in pan-cancer. A, Differential expression of VPS29 in the TCGA pan-cancer dataset. B, Univariate 
Cox analysis of VPS29 and OS in pan-cancer patients. C-J, Exploration of the expression differences of VPS29 in HCC through 
multiple independent cohorts. (*p<0.05, **p<0.01, ***p<0.001).
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Drug Sensitivity Analysis
Systemic drug treatment is crucial for HCC, 

and to explore whether VPS29 can be used for 
predicting drug response in HCC patients, we 
compared the differences in IC50 values for 15 
commonly used antineoplastic drugs between 
the high and low VPS29 expression groups. The 
results revealed that in the high VPS29 expres-
sion group, six drugs showed lower IC50 values 
(indicating better drug sensitivity), including 
Cediranib (Cambridge, London, UK), Osim-
ertinib (Cambridge, London, UK), Docetaxel 
(Paris, France), Paclitaxel (Bristol, Pennsylva-

nia, USA), Vinblastine (Madison, Wisconsin, 
USA) and Vinorelbine (Paris, France), suggest-
ing potential benefits for these patients (Fig-
ure 6A-F). Additionally, high VPS29 expres-
sion patients may exhibit resistance to four 
drugs, including Gefitinib (Wilmington, Dela-
ware, USA), Mitoxantrone (Lawrenceville, New 
Jersey, USA), Oxaliplatin (Paris, France), and 
Sorafenib (Leverkusen, North Rhine-Westpha-
lia, Germany) (Figure 6G-J). The remaining 
five drugs showed no correlation with VPS29 
(Figure 6K-O).

Figure 3. Prognostic and diagnostic value of VPS29 in HCC. A-C, K-M survival curves for OS, DSS, and PFI between high 
and low VPS29 expression group. D-E, Univariate and multivariate regression analyses between clinical characteristics and OS. 
F, Nomogram for predicting 1 - year, 3 - year, and 5-year OS in HCC patients. G, Time-dependent ROC curve for predicting OS 
by VPS29. H, ROC curve for VPS29 in diagnosing HCC.
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Figure 4. Correlation between VPS29 expression levels and clinical information. A, Age. B, Gender. C, Pathologic stage. D, T 
stage. E, Histologic grade. F, Tumor status. G, ALB. H, AFP. (*p<0.05, **p<0.01, ***p<0.001).

Figure 5. DNA methylation analysis of VPS29 in HCC. A, Correlation between VPS29 methylation and its mRNA expression. 
B-J, Correlation between VPS29 and methylation sites. K-N, KM survival analysis based on methylation sites.
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Correlation Analysis of VPS29 with 
Tumor Immune Microenvironment and 
Tumor Mutation Burden

We compared immune cell enrichment scores 
between the high and low VPS29 expression 
groups to determine the correlation between 
VPS29 expression and the immune infiltration 
level in HCC. The results showed that NK CD-
56bright cells, TFH, and Th2 cells had higher 
levels of infiltration in the high VPS29 expression 
group, while CD8 T cells, Eosinophils, Neutro-
phils, Tcm, and Th17 cells had higher levels in 
the low VPS29 expression group (Figure 7A). 
Additionally, the expression level of VPS29 was 
significantly correlated with the infiltration levels 
of various immune cells, such as Th2 cells, T 
helper cells, Th17 cells, Neutrophils, and Eosin-
ophils (p < 0.05) (Figure 7B). To further evalu-
ate the correlation between VPS29 and immune 
therapy response, we calculated TIDE and TMB 
scores for HCC patients. The results showed 
that the TIDE score was significantly higher in 
the high VPS29 expression group, indicating a 
poorer immune therapy response in patients with 
high VPS29 expression (Figure 7C). However, 
no significant correlation was observed between 

TMB and VPS29 (Figure 7D). In summary, these 
results suggest that VPS29 may be closely associ-
ated with immune infiltration in the progression 
of HCC.

Identification of Co-Expressed Genes 
and Differentially Expressed Genes

We identified 10 significantly correlated co-ex-
pressed genes with VPS29 through Spearman 
analysis (|R| > 0.6, p < 0.001), all of which 
showed a positive correlation with VPS29 (Fig-
ure 8A). 9 of these genes were associated with 
poor prognosis in HCC, including ARPC3, RFC5, 
CCDC59, RFC4, MAPKAPK5, ANAPC7, BRAP, 
PWP1, and ANAPC5 (Figure 8B). Subsequently, 
we performed differential expression analysis on 
the high and low VPS29 expression groups and 
identified 602 DEGs, including 573 upregulated 
genes and 29 downregulated genes in HCC. The 
heatmap depicts the expression profiles of the top 
50 DEGs (Figure 9A).

To further understand the underlying molecu-
lar biological mechanisms between the high and 
low VPS29 expression groups, we conducted an 
enrichment analysis on the 602 differentially ex-
pressed genes. The top 30 enriched terms in the 

Figure 6. Drug sensitivity analysis. A, Cediranib. B, Osimertinib. C, Docetaxel. D, Paclitaxel. E, Vinblastine. F, Vinorelbine. 
G, Gefitinib. H, Mitoxantrone. I, Oxaliplatin. J, Sorafenib. K, Gemcitabine. L, 5-Fluorouracil. M, Camptothecin. N, Cisplatin. 
O, Cytarabine.
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GO analysis were identified as the main functions 
(Figure 9B), including meiotic cell cycle and nu-

clear division in biological processes (BP), kine-
sin complex and P granule in cellular components 

Figure 7. Correlation analysis of VPS29 expression with the TIME in HCC. A, Differences in immune cell infiltration between 
the high and low VPS29 expression groups. B, Correlation analysis between VPS29 and immune cell infiltration levels. C, 
Differences in TIDE scores between the high and low VPS29 expression groups. D, Correlation analysis between VPS29 and 
TMB scores. (*p<0.05, **p<0.01, ***p<0.001).

Figure 8. Analysis of co-expressed genes. A, Top 10 co-expressed genes most significantly correlated with VPS29. B, Univariate 
Cox analysis of co-expressed genes.
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(CC), and channel activity and passive transmem-
brane transporter activity in molecular functions 
(MF). KEGG enrichment identified a total of 16 
signaling pathways, mainly including Cell cycle, 
Homologous recombination, Gap junction, and 
Neuroactive ligand-receptor interaction (Figure 
9C). In the analysis of GSEA, 4 major pathways 
were identified (Figure 9D).

Two-Sample Mendelian 
Randomization Analysis

After applying 5 filtering criteria, we ob-
tained 19 SNP as IVs that met the criteria. De-
tailed information on these SNPs can be found 
in Supplementary Table I. We employed 5 MR 
analysis methods to evaluate the causal effect 
between VPS29 and HCC. The IVW analysis 

revealed that VPS29 protein is a risk factor for 
HCC (OR: 1.440; 95% CI: 1.195-1.736). The 
other 3 analysis methods also yielded consistent 
results with IVW, including MR Egger (OR: 
1.553; 95% CI: 1.220-1.977), Weighted median 
(OR: 1.462; 95% CI: 1.184-1.805), and Weighted 
mode (OR: 1.472; 95% CI: 1.190-1.822), further 
validating the results of IVW analysis (Figure 
10A). We also assessed the impact of each SNP 
on HCC (Figure 10B). As depicted in the scatter 
plot, the direction of all 5 MR analysis methods 
was consistent, indicating that the risk of devel-
oping HCC increases with increasing levels of 
VPS29 (Figure 10C).

Subsequently, we conducted sensitivity anal-
yses to evaluate the robustness of our results. 
Firstly, the results of Cochran’s Q test showed 

Figure 9. Analysis of differentially expressed genes. A, Heatmap of differentially expressed genes. B, GO enrichment analysis. 
C, KEGG enrichment analysis. D, GSEA enrichment analysis.

https://www.europeanreview.org/wp/wp-content/uploads/Supplementary-Table-I-73.pdf
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no heterogeneity among the IVs (pIVW = 0.371, 
pMR Egger = 0.368) (Supplementary Table II). The 
symmetry of the funnel plot also confirmed the 
absence of heterogeneity (Figure 10D). Second-
ly, the MR-PRESSO global test indicated the 
absence of horizontal pleiotropy across all IVs 
(p = 0.511), and the MR Egger regression test 
ensured the accuracy of the results (p = 0.346) 
(Supplementary Table II). The leave-one-out 
analysis did not observe significant changes in 
the estimated causal effects when excluding each 
SNP, further supporting the reliability of the MR 
analysis results (Figure 10E).

Discussion

The liver is a vital organ involved in diverse 
physiological processes, such as the metabo-
lism of macromolecules, control of endocrine 
growth signals, stabilization of lipid and choles-
terol levels, and regulation of other physiological 
reactions17. Therefore, the problems associated 
with the liver should not be underestimated. 
HCC is one of the most common malignancies 
worldwide, and most patients are diagnosed at 
an advanced stage, often accompanied by lower 
quality of life and poor prognosis18. Therefore, 

Figure 10. MR analysis of the causal relationship between VPS29 protein and HCC. A, Forest plot of the 5 MR analysis 
methods. B, Forest plot of the causal effects of each SNP on HCC risk. C, Scatter plot of the 5 MR analysis methods. D, Funnel 
plot for heterogeneity assessment. E, Sensitivity analysis using the leave-one-out method.

https://www.europeanreview.org/wp/wp-content/uploads/Supplementary-Table-II-43.pdf
https://www.europeanreview.org/wp/wp-content/uploads/Supplementary-Table-II-43.pdf
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it is still essential to identify new promising 
targets for the diagnosis and treatment of HCC. 
The highly conserved retromer complex con-
trols the fate of hundreds of receptors through 
the endolysosomal system and acts as a central 
regulatory node in various metabolic processes19. 
Studies20 have found the involvement of the ret-
romer complex in the occurrence and progression 
of cancer. A common example is VPS35, which 
binds the farnesylated form of the oncoprotein 
N-RAS and affects its trafficking and membrane 
association21. Frameshift mutations and low ex-
pression of VPS35 have been detected in over 
half of analyzed cancer samples14. VPS29 protein, 
as a core subunit of the retrograde complex, has 
been poorly studied in cancer, including HCC. 
Therefore, this study used comprehensive bioin-
formatics techniques combined with MR analysis 
methods to investigate the expression, biological 
functions, prognostic role, and diagnostic value 
of VPS29 in HCC, as well as evaluate the causal 
relationship between VPS29 protein and HCC.

In this study, we analyzed the TCGA database 
and found that VPS29 was significantly overex-
pressed in multiple cancer types, including HCC, 
and its dysregulation was associated with patient 
prognosis. We validated the significant overexpres-
sion of VPS29 in HCC using multiple independent 
cohorts. Further analysis revealed that increased 
VPS29 expression in HCC patients was signifi-
cantly associated with poorer OS, DSS, and PFI. 
VPS29 was identified as an independent predictor 
of OS in HCC patients (p < 0.05). ROC curve 
analysis demonstrated that VPS29 was able to dis-
criminate between HCC tissues and normal tissues 
effectively. Differential expression of VPS29 was 
identified in various clinical subgroup analyses, 
including tumor stage, T stage, histological grade, 
tumor status, and AFP levels. We also identified 
the top 10 genes most significantly correlated with 
VPS29 in HCC tissues, all of which showed a posi-
tive correlation with VPS29. Among these genes, 9 
were significantly associated with poor prognosis 
in HCC, suggesting their potential cooperation in 
promoting HCC progression. Therefore, VPS29 
may serve as a molecular biomarker for the diag-
nosis and prognosis of HCC patients.

Abnormal DNA methylation has been recog-
nized as a common epigenetic alteration in hu-
man cancer22. Therefore, DNA methylation has 
received increasing attention in tumor occurrence 
research, early diagnosis, and prognostic predic-
tion. Studies have shown that DNA methylation 
plays an important role in tumor initiation and 

progression and is considered one of the key mech-
anisms in tumor development23,24. In HCC, the 
detection of DNA methylation markers has been 
found to be specific25. Our study found a negative 
correlation between VPS29 expression and methyl-
ation levels, identifying 9 methylation sites in the 
promoter region of VPS29 that were significantly 
correlated, with 8 of them showing a negative 
correlation with VPS29 expression level. Further 
survival analysis revealed that low methylation 
levels at the cg20877181, cg03867797, cg10025392, 
and cg21605021 sites were associated with worse 
OS. Therefore, we speculate that the loss or reduc-
tion of methylation promotes VPS29 expression, 
leading to the occurrence and progression of HCC.

Advanced HCC generally lacks surgical indica-
tions, and patients can only hope to benefit from 
systemic drug therapy. Paradoxically, researchers 
have reached a consensus that the later the stage 
of HCC, the stronger its heterogeneity26. Current-
ly, commonly used treatments, such as sorafenib, 
are effective in less than 40% of HCC patients27. 
Therefore, there is an urgent need for biomarkers to 
predict drug responses. We evaluated the potential 
correlation between VPS29 and the IC50 values of 
commonly used antineoplastic drugs. The results 
showed that Cediranib, Osimertinib, Docetaxel, 
Paclitaxel, Vinblastine, and Vinorelbine had better 
responses in patients with high VPS29 expression, 
while Gefitinib, Mitoxantrone, Oxaliplatin, and 
Sorafenib were more sensitive in patients with low 
VPS29 expression. These findings suggest that 
VPS29 can indicate the drug response in different 
expression subgroups of HCC patients.

The tumor microenvironment (TME) is a high-
ly complex structure mainly composed of tumor 
cells, stromal cells, immune cells, cancer-associ-
ated fibroblasts (CAFs), blood vessels, and various 
signaling molecules28,29. Among them, the tumor 
immune microenvironment (TIME) forms the 
basis for the interaction between tumor cells and 
immune cells, which is crucial for the progres-
sion of HCC and has a significant impact on the 
outcomes of immune therapies30. Therefore, the 
identification of new predictive biomarkers and 
a comprehensive understanding of the immune 
infiltration status in cancer patients are import-
ant for selecting accurate, personalized immune 
therapies. Our study found that NK CD56 bright 
cells, TFH, and Th2 cells had higher levels of 
infiltration in the high VPS29 expression group, 
while CD8 T cells, Eosinophils, Neutrophils, 
Tcm, and Th17 cells had higher levels of infiltra-
tion in the low VPS29 expression group. Among 
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them, Th2 cells showed the strongest correla-
tion with VPS29. Th2 cell infiltration has been 
associated with immune suppression and lower 
survival rates in many malignancies31. Th2 cells 
can inhibit the development of Th1 cells and the 
release of IFN-γ, while also secreting IL-4 and 
IL-10, thereby promoting tumor cell growth32. 
Multiple studies33,34 have indicated the important 
role of T cells in the immune defense against 
HCC. The occurrence of liver diseases, including 
liver tumors, severely impacts the immune func-
tion of the liver and has a significant influence 
on the progression of liver cancer35. Lurje et al36 
found that by mediating tolerance or immunoge-
nicity of T cell responses and activating CD8+ T 
cells, effective anti-tumor defense mechanisms 
can be established in the liver. Neutrophils are 
innate immune cells that infiltrate tissues during 
infections, injuries, or cancer. They serve as im-
portant effector cells in anti-cancer immunity. 
Neutrophils account for a significant portion of 
circulating white blood cells, and tumor-asso-
ciated neutrophils (TAN) produce chemotactic 
factors and pro-inflammatory cytokines that re-
cruit and activate CD8+ T cells, thereby limiting 
tumor growth37. HCC typically exhibits a “cold” 
immune state, protecting cancer cells from the 
attack of infiltrating lymphocytes, which may 
result in poor response to immune therapy38. Our 
study also found that HCC patients with high 
expression of VPS29 had higher TIDE scores, in-
dicating a poorer response to immune therapy in 
patients with increased VPS29 expression. These 
findings suggest that VPS29 plays an indispens-
able role in regulating immune cell infiltration 
and the efficacy of immune therapy in HCC.

Finally, we conducted a two-sample MR anal-
ysis to explore the causal relationship between 
VPS29 protein and HCC. The results showed that 
VPS29 protein significantly increases the risk of 
HCC. The IVW method, along with the remain-
ing complementary methods, consistently yielded 
OR values in the same direction, with 4 methods 
providing strong evidence (p < 0.01). Sensitivity 
analysis indicated that our results were robust.

Limitations
In conclusion, our study provides new insights 

and evidence for personalized clinical treatment 
strategies for HCC patients, although it should be 
acknowledged that there are some limitations to this 
research. Firstly, our study only involved data min-
ing from publicly available databases and lacked 
validation on physical clinical specimens. Addition-

ally, the effect estimates in the MR analysis were fo-
cused on lifelong exposure to genetic susceptibility, 
without considering the temporal and spatial fluctu-
ations in gene expression within tissues. However, 
this study validated the differential expression of 
VPS29 in HCC across multiple independent cohorts, 
and the MR analysis provided robust evidence for 
this research. Therefore, the results are still accept-
able. Future research involving prospective clinical 
trials and mechanistic exploration is necessary to 
validate the current findings further.

Conclusions

Our study indicates that the VPS29 gene and 
VPS29 protein significantly increase the risk of 
HCC. Its upregulation in HCC is associated with 
poor prognosis and is correlated with methyla-
tion levels, immune microenvironment, and drug 
sensitivity in HCC. These findings suggest that 
VPS29 may serve as a biomarker and potential 
therapeutic target for HCC.
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