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Introduction

Hepatocellular carcinoma (HCC) is the third-leading cause 
of cancer-related mortality worldwide (Bray et al. 2024). 
This can be attributed to the lack of effective early diagnostic 
methods and an insufficient understanding of the pathogen-
esis, limiting the development of effective treatment strate-
gies (Coffman-D’Annibale et al. 2023; Barcena-Varela et al. 
2024). Identifying the key molecules associated with HCC 
will provide insight into its pathogenesis and an important 
basis for developing precise clinical treatment strategies and 
determining prognosis.

The pathogenesis of HCC is complex and involves the 
combined effects of multiple factors, such as genetics, 
environmental conditions, and immune responses (Yang 
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Abstract
Background  Hepatocellular carcinoma (HCC) is the leading cause of cancer-related mortality worldwide owing to the lack 
of effective and early diagnostic tools and therapeutic approaches. DNAJC7, a member of the DnaJ heat shock family, is 
crucial in protein folding and stability; however, its specific functions and mechanisms in HCC remain unclear.
Objective  This study aimed to explore the role of DNAJC7 in HCC progression and evaluate its potential clinical signifi-
cance as a prognostic marker.
Methods  Public databases (TCGA, ICGC, GEO, and TIMER) were used to assess DNAJC7 expression, correlations with 
clinical parameters, and related signaling pathways. Proliferation, migration, invasion, and cell cycle assays were performed 
to evaluate the function of DNAJC7 in HCC. Immune infiltration and associations with checkpoint proteins were analyzed 
using TIMER, and a Gene Set Enrichment Analysis (GSEA) was used to explore enriched pathways.
Results  DNAJC7 expression was higher in HCC tissues than in adjacent normal tissues and was associated with advanced 
malignancy and poor prognosis, including a lower overall survival, progression-free survival, and disease-free survival. 
DNAJC7 knockdown resulted in reduced malignant behavior of HCC cells, leading to S-phase cell cycle arrest. Increased 
DNAJC7 expression was associated with immune cell infiltration and the presence of immunological checkpoint molecules, 
including CTLA4 and PD-1. GSEA highlighted the activation of key pathways, including WNT signaling and cell cycle 
regulation.
Conclusion  DNAJC7 regulates tumor cell proliferation, migration, invasion, and immune evasion by acting as an oncogene 
in HCC. It can serve as a diagnostic and prognostic biomarker and potential treatment target for HCC.
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Increased expression of DNAJC7 promotes the progression of 
hepatocellular carcinoma by influencing the cell cycle and immune 
microenvironment
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et al. 2024). This complexity results in high heterogene-
ity in tumor cell proliferation, migration, and metabolism, 
facilitating disease progression (Zhang et al. 2024a, b). The 
pathological course of HCC is accompanied by transcrip-
tional imbalances. Aberrant gene expression is associated 
with patient prognosis, tumor cell proliferation, apoptosis, 
resistance to immunotherapy and targeted drugs, and the 
regulation of the immune microenvironment (Qiu et al. 
2024). For example, VEGF overexpression promotes tumor 
angiogenesis, thereby enhancing the oxygen and nutrient 
supply to tumor cells and ultimately resulting in a poor 
prognosis for patients with HCC (Llovet et al. 2021). The 
abnormal expression of MDR1 and Bcl-2 leads to tumor 
cell resistance to radiotherapy and chemotherapy (Liu et al. 
2021; Xu et al. 2023). Elevated programmed death ligand 1 
(PD-L1) expression in HCC contributes to tumor immune 
escape. PD-L1 can interact with PD-1 receptors on T cells, 
thereby impairing the ability of the immune system to tar-
get tumor cells (Wen et al. 2023). The abnormal expression 
of these genes holds substantial value for diagnosis and 
for predicting prognosis in patients with HCC (Wang et al. 
2021). Owing to the polygenic nature of HCC, it is neces-
sary to identify novel therapeutic targets and develop multi-
targeted combination therapies to improve prognosis.

Due to their rapid proliferation, tumor cells often expe-
rience high metabolic demands under intrinsic stress con-
ditions, such as oxidative stress, hypoxia, and nutrient 
deprivation. These factors can cause protein misfolding, 
and the accumulation of incorrectly folded or aggregated 
proteins can impair cellular function (Tilk et al. 2024). 
Molecular chaperones play a critical role in maintaining cel-
lular protein homeostasis by facilitating the proper folding 
of proteins or directing the degradation of misfolded pro-
teins. Specifically, molecular chaperones influence tumor 
cell survival, proliferation, migration, and response to treat-
ment by assisting in the proper folding of newly synthesized 
proteins, repairing damaged proteins, and regulating cellu-
lar stress responses (Roychowdhury et al. 2024). DNAJC7 
is a member of the DnaJ heat shock protein family, which 
is essential for protein folding, preventing aggregation, and 
ensuring proper protein conformation (Hou et al. 2021). 
As a molecular chaperone, DNAJC7 is related to the heat 
shock response, aiding in the maintenance of protein stabil-
ity under cellular stress conditions, such as elevated tem-
peratures (Dilliott et al. 2022). This suggests that DNAJC7 
plays a crucial regulatory role in tumor cell biology. How-
ever, research has focused on renal cell carcinoma (Li et al. 
2016), highlighting the need for studies of the prognostic 
value of DNAJC7 in patients with HCC.

In this study, DNAJC7 was identified as a critical prog-
nostic risk factor in HCC. First, we demonstrated that 
DNAJC7 likely participates in regulating protein folding 

and tumor cell stability, providing a foundation for further 
analyses of its role in the pathogenesis of HCC. Second, we 
systematically explored the mechanisms by which DNAJC7 
contributes to HCC progression and evaluate its potential as 
a prognostic biomarker. The study results deepen our under-
standing of the molecular basis of HCC and provide novel 
strategies to optimize therapeutic regimens and prognostic 
assessments. Finally, our work reveals that DNAJC7 influ-
ences patient outcomes via effects on tumor cell prolifera-
tion, migration, and therapy resistance.

Materials and methods

Data collection

The Human Protein Atlas (HPA) is a comprehensive public 
database of human proteins, offering detailed insights into 
their expression, function, and localization under various 
physiological and pathological conditions (Colwill et al. 
2011). Using data from the HPA, we analyzed DNAJC7 
expression at the RNA and protein levels and its distribution 
across tumor cell lines. Furthermore, the TIMER database 
is an invaluable tool for investigating tumor immune infil-
tration, incorporating modules related to gene expression, 
survival, mutations, and copy number variation (Li et al. 
2020). This database was used for a pan-cancer analysis and 
immune infiltration assessment. The molecular mechanisms 
underlying tumor occurrence and development cannot be 
completely captured by genomic data alone. The CPTAC 
database includes information on molecular processes 
involved in cancer by identifying proteins linked to changes 
in the cancer genome. PCAS is a multi-omics analysis plat-
form based on the CPTAC dataset. It integrates proteomics, 
phosphoproteomics, and transcriptomics data to simplify 
analyses of multiple types of cancer and the tumor microen-
vironment (Wang et al. 2024). By leveraging the PCAS plat-
form, we comprehensively analyzed differential DNAJC7 
protein expression in tumors to uncover its role in malignant 
processes.

The Cancer Genome Atlas (TCGA) is a thorough and 
cooperative resource in cancer genomics. It was founded 
by the National Cancer Institute and the National Human 
Genome Project Research Center and covers 33 types of 
cancer (Li et al. 2024). In this study, we analyzed RNA 
sequencing data for 374 patients with HCC within the 
TCGA database. Data for adjacent tumor tissues were only 
available for 50 of these patients. Consequently, we obtained 
information for 357 patients through additional examina-
tions. The detailed clinical characteristics of the patients are 
shown in Table S1. The ICGC database is a comprehensive 
global cancer resource that encompasses various data types, 

1 3

  154   Page 2 of 16



Journal of Cancer Research and Clinical Oncology         (2025) 151:154 

including transcriptomic, epigenetic, and genomic informa-
tion (Huang et al. 2024). In this study, we included data for 
232 patients with HCC in our follow-up analysis, including 
clinical characteristics. The GEO database is a vast high-
throughput gene expression repository, integrating data 
from proteomics, genomics, and high-throughput sequenc-
ing (Clough et al. 2024). Multiple datasets (GSE54238, 
GSE36376, GSE25097, GSE54236, and GSE10186) were 
used for validation in this study.

Cell culture and transfection

Normal hepatocytes (L-O2) and HCC cell lines (SK-HEP-1 
and MHCC97H) were sourced from Wuhan Servicebio 
Technology Co., Ltd. Cells were cultured in DMEM con-
taining 10% fetal bovine serum (FBS) and 1% penicillin-
streptomycin (PS) under standard conditions at 37 °C in a 
5% CO2 incubator. The cells were digested, resuspended, 
uniformly seeded into six-well plates, and cultured at a 
concentration of 80–90%. Transfection was performed at 
an approximate cell density of 50%, using Lipofectamine 
3000 as the transfection reagent. For the knockdown experi-
ments, we selected three siRNAs: si-1, si-DNAJC7-2, and 
si-DNAJC7-3. A control group was established using si-NC. 
RT-PCR was used to identify the most effective siRNA 
sequence for subsequent analyses. The primer sequences for 
the reference (18 S rRNA) and target (DNAJC7) genes are 
presented in Table S2.

RT-qPCR analysis

A specific kit was used to extract total RNA, and a UV spec-
trophotometer (Cat. # ND-ONEC-W, Thermo Fisher Scien-
tific) was used for quantification. cDNA was synthesized 
using a reverse transcription kit (Cat. # E047-01B, Novo-
protein, China) and amplified using an RNA amplification 
kit (Cat. #: E096-01  A, Novoprotein). DNAJC7 mRNA 
expression levels were evaluated quantitatively using Ste-
pOnePlus Real-Time PCR (Thermo Fisher Scientific). The 
2−ΔΔCt method was used to determine relative expression 
levels. The RT qPCR system is presented in Table S3.

Cell counting Kit-8 assay

A 500 µL aliquot of the suspension was diluted into 20 mL 
of culture media and dispensed into a 96-well plate using 
a multichannel pipette. After 12  h of adhesion, the cells 
were allowed to adhere for another 12  h before transfec-
tion. After transfection for 6–8 h, the culture medium was 
changed, and CCK-8 reagent (CCK-8 to culture medium) 
was added at a ratio of 1:10. Absorbance was measured at 
the 0-hour mark using a microplate reader, with subsequent 

readings recorded at 24, 48, 72, and 96 h post-transfection. 
The resulting data were analyzed using GraphPad Prism 
software.

Colony formation assay

After transfection, the cells were cultured to confluence, 
digested, and resuspended. Cells in each group were counted 
separately and diluted to 5,000 cells/mL. After adding 2 mL 
of culture medium to a 10 L aliquot of the suspension in 
a six-well plate, the cells were incubated for 14 days. The 
cells were fixed and stained based on the appearance of col-
onies formed. The colonies were photographed and exam-
ined, and the data were analyzed using GraphPad Prism and 
ImageJ software.

Cell cycle analysis using flow cytometry

To determine the cell cycle distribution, SK-HEP-1 and 
MHCC97H cells were analyzed by flow cytometry. After 
fixation with 70% ethanol, the cells were stained with a 
solution containing propidium iodide (PI) and ribonuclease 
A (RNase A) to determine the DNA content, enabling the 
identification of the G1, S, and G2/M phases. Data were 
analyzed using ModFit and GraphPad Prism software to 
ensure correct quantification and the clear display of cell 
cycle progression, providing critical information regarding 
cell proliferation.

Wound-healing assay

After transfection for 48  h, the cells were cultured until 
reaching 90–100% confluence. The medium in the six-
well plate was aspirated, and three evenly spaced horizon-
tal lines were drawn on the underside of the plate. Fresh 
medium was added, and a 100 µL pipette tip was used to 
create three equally spaced vertical scratches in each well. 
Next, the wells were rinsed twice with PBS, followed by the 
addition of fresh medium. The plate was observed under a 
microscope (10× magnification), and images were taken at 
0, 24, 48, and 72 h post-scratch. The migration distances of 
various cell lines and knockout groups were measured using 
ImageJ software, and statistical analyses were conducted 
using GraphPad Prism.

Transwell experiment

Two days after transfection, cells were removed from the 
mixture, resuspended, and adjusted to a density of 3 × 105 
cells/mL. A 100 µL aliquot of the cell suspension from each 
group was added to the upper chamber of a Transwell plate, 
and 700 µL of culture medium containing 20% serum was 
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in HCC. Statistical significance for all analyses was set at 
p < 0.05, and the ROC curve analysis was used to evaluate 
the predictive value of DNAJC7.

Results

DNAJC7 is differentially expressed in various 
cancers

The abnormal expression of numerous genes is crucial in 
tumor initiation and progression (Zhang et al. 2024a, b). 
To explore the role of DNAJC7 in tumors, we examined 
its mRNA and protein expression levels in normal human 
organs using the HPA database. At the mRNA and protein 
levels, DNAJC7 was moderately expressed in the liver 
(Figure S1A, B). Notably, DNAJC7 was highly expressed 
in various tumor cell lines, including those derived from 
liver cancer (Figure S1C). We also observed that DNAJC7 
was localized in the nucleus and cytoplasm (Figure S1D). 
Subsequently, DNAJC7 mRNA expression across vari-
ous tumors was analyzed using the TIMER database. This 
analysis revealed significant differences in expression 
between tumor and normal tissues across the 18 tumor types 
(Fig. 1A). Furthermore, we conducted an in-depth analysis 
of DNAJC7 protein expression across various tumor types 
using the PCAS platform. The findings revealed a signifi-
cant differential expression of DNAJC7 in six cancer types, 
including HCC (Fig. 1B). These results provide a basis for 
further research into the molecular mechanism of DNAJC7 
in tumorigenesis.

DNAJC7 is significantly upregulated in HCC

Despite evidence for a correlation between DNAJC7 and 
tumor development (Li et al. 2016), its correlation with 
HCC is yet to be documented. Therefore, we analyzed data-
sets for HCC tumor tissues and matched neighboring tissues 
from the TCGA-Seq database. DNAJC7 was more highly 
expressed in HCC tumor tissues than in surrounding tis-
sues (Fig. 1C). Recognizing the potential for bias due to the 
large number of tumor tissues, we performed a paired anal-
ysis, which indicated a statistically significant increase in 
DNAJC7 expression in tumor tissues (Fig. 1D). To further 
corroborate these findings, we evaluated RNA-seq data from 
the ICGC and GEO databases (GSE25097, GSE54238, and 
GSE36376), yielding consistent results (Fig.  1E-H). This 
study provides the first evidence that DNAJC7 is highly 
expressed in HCC, demonstrating its possible association 
with the pathological course of the disease.

added to the lower chamber and mixed evenly. After 24 h 
of incubation, the cells were removed, fixed, and stained. 
Images were captured under a microscope (10× magnifica-
tion) and analyzed using ImageJ software. Statistical analy-
ses were performed using GraphPad Prism.

Gene set enrichment analysis

Gene Set Enrichment Analysis (GSEA) is a statistical 
method for exploring molecular signaling pathways associ-
ated with gene expression (Candia and Ferrucci 2024). In 
this study, TCGA and ICGC data were divided into upregu-
lated and downregulated groups according to the median 
expression level of DNAJC7 in HCC. GSEA (version 4.0.2) 
software was used to identify the signaling pathways con-
nected to DNAJC7. With respect to key parameter settings, 
each analysis included 1,000 gene sets ranked by effect size. 
Pathway significant enrichment was set at p < 0.05, and the 
false discovery rate (FDR) was < 0.25 to ensure the reliabil-
ity of the results.

Statistical analysis

Data were analyzed and visualized using R (version 4.2.3) 
and GraphPad Prism 9. Results were evaluated using 
unpaired t-tests for two-group comparisons and one-way 
analysis of variance (ANOVA) for comparisons among 
multiple groups. The chi-squared test was used to exam-
ine the relationship between clinical features and DNAJC7 
mRNA expression levels. A survival analysis was per-
formed to evaluate the effect of DNAJC7 expression on 
patient outcomes, and a Cox regression analysis was used 
to identify possible risk factors. With statistical significance 
set at p < 0.05, an ROC curve analysis was used to evaluate 
the predictive value of DNAJC7.

For the Cox regression analysis, a proportional hazards 
model was constructed. In this model, the DNAJC7 expres-
sion level was considered the primary variable of interest 
along with potential confounding factors, such as patient 
age, sex, tumor stage, and other relevant clinical charac-
teristics. These covariates were carefully selected based on 
prior knowledge and their potential associations with patient 
survival in HCC. The Cox regression model was used to 
estimate the hazard ratio (HR) for each variable, which rep-
resents the relative risk of an event (such as disease pro-
gression or death) occurring in one group compared with 
another, adjusted for all other variables in the model. A HR 
greater than 1 indicates an increased risk associated with 
the variable, while a HR less than 1 suggests a decreased 
risk. By fitting the data to the Cox regression model, we 
determined which of the variables, including DNAJC7 
expression, was a possible risk factor for patient outcomes 
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histological grade, in patients with HCC (Fig. 2A-C). We 
grouped stages 1, 2, 3, and 4 for T stage, tumor stage, and 
histological grade to improve the accuracy of our analysis 
and address imbalances in patient numbers throughout the 
TCGA dataset. High DNAJC7 expression was correlated 
with more advanced clinical features in patients with HCC 
(Fig. 2D-F).

DNAJC7 expression levels are closely associated 
with malignant clinical features in HCC

Abnormal gene expression often drives malignant tumor 
characteristics and poor clinical outcomes (Chen et al. 
2024). Nonetheless, little is known about the connection 
between DNAJC7 and the prognosis or malignant clini-
cal characteristics of tumors. Given the elevated expres-
sion of DNAJC7 in HCC, we investigated its association 
with malignant clinical traits and prognosis. First, we ana-
lyzed the relationship between high DNAJC7 expression 
and clinical parameters, such as T stage, tumor stage, and 

Fig. 1  Comparison of expression levels of DNAJC7 in tumors and nor-
mal tissues. (A) The mRNA expression levels of DNAJC7 in various 
tumors from the TIMER database. (B) The Protein expression levels 
of DNAJC7 in different tumor types from the CPTAC database. (C) 
Based on TCGA RNA-seq analysis, the expression level of DNAJC7 
is significantly higher in tumor tissues compared to normal tissues. (D) 

Paired analysis further confirmed that the expression level of DNAJC7 
in tumor tissues is significantly higher than that in normal tissues in the 
TCGA RNA-seq database. (E-H) Based on the RNA-seq data analysis 
from ICGC and GEO (GSE25097, GSE54238, and GSE36376), the 
expression level of DNAJC7 in tumor tissues is significantly higher 
than that in normal tissues
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Fig. 2  High expression of DNAJC7 leads to malignant clinical charac-
teristics and poor prognosis in HCC patients. (A-C) Based on TCGA 
RNA-seq analysis, the high expression of DNAJC7 is significantly 
associated with T stage, tumor stage, and histological grade in HCC 
patients. (D-F) The analysis results after data integration indicate that 

high expression of DNAJC7 leads to more advanced malignant clini-
cal characteristics in HCC patients. (G-I) K-M survival analysis sug-
gests that high expression of DNAJC7 leads to poorer survival in HCC 
patients. (J-K) The ROC curve indicates that DNAJC7 has significant 
prognostic diagnostic value in HCC patients
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phase was significantly decreased in cells with decreased 
DNAJC7 expression, suggesting S-phase arrest. This dis-
ruption in DNA synthesis likely stems from alterations in 
the regulatory mechanisms controlling DNA replication, 
which slow progression through the S phase. Shortening of 
the S phase further affects the overall cell cycle dynamics, 
ultimately inhibiting cell proliferation and growth. These 
findings emphasize the pivotal role of DNAJC7 in main-
taining cell-cycle integrity and provide novel insights into 
its molecular function in the pathogenesis of HCC. In sum-
mary, our study results confirm that DNAJC7 is an onco-
gene with a significant role in HCC cells.

Co-expression and GSEA of DNAJC7

The development and progression of cancer involve the 
dysregulation of numerous genes, driven by multigenomic 
processes and the interplay of multiple signaling pathways 
(Hogg et al. 2020). First, through co-expression analysis, 
we identified five genes that were most positively corre-
lated with DNAJC7 (AATF, EFTUD2, MRPS23, UTP6, and 
TAF15) and five most negatively correlated genes (C8B, 
C3, GLYATL1, TFR2, and HPX). Notably, AATF, EFTUD2, 
and MRPS23 reportedly facilitate the progression of HCC, 
supporting our conclusion that DNAJC7 functions as an 
oncogene in HCC (Fig. 6A, B). Compared with traditional 
enrichment methods, GSEA provides a comprehensive 
understanding of the functional roles of specific gene sets 
in biological processes (Candia and Ferrucci 2024). Using 
TCGA and ICGC data, we stratified patients into high and 
low DNAJC7 expression groups and performed GSEA to 
explore the regulatory mechanisms of DNAJC7 in HCC. 
High DNAJC7 expression was strongly correlated with the 
activation of several important signaling pathways, includ-
ing DNA replication, Cell Cycle, WNT signaling, and 
Homologous Recombination repair pathways (Fig. 6C-H). 
In conclusion, analyses using TCGA and ICGC databases 
consistently showed that DNAJC7 controls the cell cycle 
signaling pathway to facilitate HCC development. These 
findings align with our flow cytometry results, which dem-
onstrated the impact of DNAJC7 on cell cycle dynamics, 
further underscoring its role in cell cycle regulation in HCC.

Association between DNAJC7 and the immune 
microenvironment in HCC

The immunological microenvironment is a key factor in 
HCC, impacting tumor growth, invasion, and proliferation. 
Immunotherapy targets often arise from the complex regula-
tory interactions within the tumor microenvironment (Shen 
et al. 2024). To explore the relationship between DNAJC7 
and immune infiltration, we used the TIMER database. We 

DNAJC7 serves as an independent risk factor in 
patients with HCC and contributes to adverse 
clinical outcomes

We conducted univariate and multivariate analyses using 
data from TCGA and ICGC databases to identify indepen-
dent prognostic factors affecting survival while control-
ling for confounding variables. These findings identified 
DNAJC7 and T stages as independent risk factors for HCC 
(Figure S2A-D). To evaluate the impact of DNAJC7 on 
patient prognosis, a Kaplan-Meier survival analysis was 
performed using clinical data and DNAJC7 expression lev-
els from the TCGA database. High DNAJC7 expression 
was significantly associated with OS (overall survival), PFS 
(progression-free survival), and DFS (disease-free survival). 
This suggests that higher DNAJC7 levels were associated 
with lower survival rates in patients with HCC (Fig. 2G-I). 
These results were further validated using a Kaplan-Meier 
survival analysis based on data from the ICGC and GEO 
(GSE54236 and GSE10186) databases (Figure S3A-C). 
Finally, a receiver operating characteristic (ROC) curve 
analysis was performed to evaluate the prognostic and 
diagnostic value of DNAJC7 expression in patients with 
HCC. The results suggested that DNAJC7 may function as 
an oncogene in HCC, highlighting its clinical significance 
(Figure S3D, E). In summary, our research indicates that 
high DNAJC7 expression is a reliable predictor of poor out-
comes in patients with HCC and an independent risk factor, 
highlighting its potential as a novel biomarker and therapeu-
tic target in HCC.

Elevated expression of DNAJC7 promotes 
proliferation, migration, and invasion in HCC cells

Based on the preliminary data analysis, DNAJC7 may be 
function as an oncogene in liver cancer and a potential HCC 
biomarker. To evaluate this hypothesis, we used in vitro 
assays to assess the effect of DNAJC7 on the biological 
behavior of HCC cells. Various siRNAs targeting DNAJC7 
were used for knockdown in SK-HEP-1 and MHCC97H 
cells. The siRNA with the highest knockdown efficiency 
was selected for further experiments (Fig. 3A, B). CCK-8 
and colony formation assays were performed to explore the 
effects of DNAJC7 on cell proliferation. The data showed 
that DNAJC7 knockdown decreased the growth of HCC 
cells dramatically, indicating its role in promoting cell 
growth (Fig.  3C-F). Additionally, Transwell and scratch 
assays revealed that silencing DNAJC7 markedly reduced 
the invasive and migratory capacities of these cells (Fig. 4A-
C). Flow cytometry also showed that DNAJC7 knockdown 
in SK-HEP-1 and MHCC97H cells altered the cell cycle 
distribution (Fig. 5A-D). The percentage of cells in the S 
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particularly those associated with dendritic cells, neutro-
phils, and macrophages (Fig. 7B-G). We also examined the 
relationships between immune checkpoint molecules and 
DNAJC7 expression. Our results showed a positive correla-
tion between DNAJC7 expression and key immune targets, 
including PDCD1, CTLA4, HAVCR2, IDO1, and CD27 
(Fig. 8A-E). In summary, these findings indicated a signifi-
cant association between DNAJC7 and the immune micro-
environment in HCC, suggesting its potential as a promising 
target for clinical immunotherapy.

detected a significant association between the expression of 
DNAJC7 and the infiltration of different immune cell types, 
such as B cells, macrophages, CD4+T cells, CD8+T cells, 
neutrophils, and dendritic cells (Fig.  7A). Previous stud-
ies have emphasized the intricate relationship between the 
immune microenvironment in HCC and immune cell sur-
face markers (Harkus et al. 2022). It is important to bet-
ter understand the mechanisms involved in immunotherapy 
prediction and to identify new therapeutic targets. Corre-
lation analyses revealed that DNAJC7 was closely linked 
to the expression of several immune cell surface markers, 

Fig. 3  In vitro experiments indicate that high expression of DNAJC7 
promotes the proliferation of HCC cells. (A, B) In vitro assays using 
SK-HEP-1 and MHCC97H cells with DNAJC7-targeting siRNAs 
established a knockdown model, selecting the siRNA with the high-

est efficiency for further experiments. (C, D) CCK-8 assays showed 
that DNAJC7 knockdown significantly inhibited HCC cell growth. (E, 
F) Colony formation assays confirmed that DNAJC7 promotes cell 
proliferation
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Fig. 4  In vitro experiments have shown that high expression of 
DNAJC7 promotes the invasion and migration ability of HCC cells. 
(A) Transwell assays showed that silencing DNAJC7 significantly 

reduced the invasive capacity of the cells. (B, C) Similarly, scratch 
assays revealed a marked decrease in their migratory ability
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high expression often negatively impact cancer prognosis 
(Deng et al. 2022). A survival analysis also showed that 
higher DNAJC7 levels were substantially linked to poor OS, 
PFS, and DFS. These findings suggested that high DNAJC7 
expression is associated with unfavorable outcomes and the 
gene may serve as a prognostic marker for HCC. Further-
more, a Cox regression analysis identified DNAJC7 as an 
independent risk factor for HCC prognosis, further high-
lighting its critical role in tumor progression and its poten-
tial as a therapeutic target.

Although public database analyses provide valuable 
insights, potential statistical biases cannot be excluded. 
Therefore, we conducted in vitro experiments using the 
SK-HEP-1 and MHCC97H cell lines to validate the role 
of DNAJC7 in HCC. CCK-8 and colony formation assays 
demonstrated that DNAJC7 knockdown significantly 
reduced the proliferative ability of tumor cells. Addition-
ally, flow cytometry revealed a significant delay in S-phase 
progression, indicating that DNAJC7 plays a critical role 
in cell cycle regulation. DNAJC7 suppression led to the 
accumulation of cells in the S phase, potentially disrupt-
ing DNA replication and cell division, thereby impairing 
cell proliferation. These findings support the hypothesis 

Discussion

HCC is among the most lethal cancers globally. This can 
be attributed to the lack of effective early diagnostic tools, 
the complexity of its pathogenesis, and inadequate targeted 
therapies (Lee et al. 2023). Identifying the key genes that 
drive the high heterogeneity of HCC cells is crucial for 
understanding the proliferation and migration of cancer 
cells and progression of HCC (Wang et al. 2023). This study 
emphasized the importance of transcriptional dysregula-
tion and molecular chaperone activity in the pathogenesis 
of HCC, providing a basis for improving patient outcomes 
(Zhou et al. 2024). Our findings clearly demonstrate that 
DNAJC7 is highly expressed in HCC and drives malig-
nancy and disease progression.

In malignant tumors, abnormal gene expression can play 
a crucial regulatory role in tumor cell processes (Ng et al. 
2022). In this study, DNAJC7 expression levels were exam-
ined in HCC tumor tissues and adjacent normal tissues. 
DNAJC7 expression was significantly elevated in HCC 
tissues, confirming its involvement in the pathogenesis of 
HCC. This finding was validated across multiple datasets, 
including TCGA, ICGC, and GEO. Genes with abnormally 

Fig. 5  Flow cytometry analysis shows that high expression of DNAJC7 
affects cell cycle distribution by regulating DNA replication. (A) In 
the SK-HEP-1 cell line, the percentage of cells in the S phase is sig-

nificantly reduced when DNAJC7 expression is decreased. (B) In the 
HCC97H cell line, the percentage of cells in the S phase is also signifi-
cantly reduced when DNAJC7 expression is decreased
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Fig. 6  Co-Expression and GSEA Enrichment Analysis of DNAJC7. A 
summary table lists the top five genes with the strongest synergistic or 
antagonistic expression relationships with DNAJC7. (B) Visualization 
of the top five genes showing synergistic or antagonistic expression 
patterns with DNAJC7. GSEA enrichment analysis results based on 

TCGA RNA-seq.  (C) Cell Cycle; (D) Homologous Recombination; 
(E) WNT Signaling Pathway. GSEA enrichment analysis results based 
on ICGC RNA-seq. (F) Cell Cycle; (G) Homologous Recombination; 
(H) DNA Replication

 

1 3

Page 11 of 16    154 



Journal of Cancer Research and Clinical Oncology         (2025) 151:154 

Fig. 7  The regulatory role of DNAJC7 in the immune microenviron-
ment. (A) The expression level of DNAJC7 shows a positive correla-
tion with the infiltration levels of six types of immune cells: B cells, 
CD8 + T cells, CD4 + T cells, macrophages, neutrophils, and dendritic 

cells. (B-G) Spearman analysis reveals that the expression level of 
DNAJC7 is positively correlated with the expression of M1 macro-
phage marker (IRF5), neutrophil marker (ITGAM), and dendritic cell 
markers (NRP1, HLA-DPB1, ITGAX, and HLA-DRA)
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DNAJC7 expression in the immune microenvironment of 
HCC showed a strong positive correlation with immune 
checkpoint molecules, such as PDCD1, CTLA4, and IDO1, 
which are essential regulators of tumor immune evasion 
(Pinter et al. 2023). These findings indicate that DNAJC7 
promotes the proliferation and migration of HCC cells. It 
also plays a key role in immune evasion mechanisms by 
modulating immune cell infiltration and checkpoint mol-
ecules. This emphasizes the potential of DNAJC7 as a novel 
HCC immunotherapy target.

During HCC progression, oncogenes regulate cellu-
lar signaling pathways to exert biological effects (Li et al. 
2023). In this study, GSEA revealed that elevated DNAJC7 
expression promoted the activation of key signaling path-
ways, including WNT signaling, cell cycle regulation, DNA 
replication, and homologous recombination repair. These 
pathways affect the biological behaviors of HCC cells, 
including proliferation, migration, stemness, and differen-
tiation. Furthermore, they affect the immune microenviron-
ment, enabling tumor cells to evade and destroy immune 

that DNAJC7 drives tumor cell proliferation. Furthermore, 
the experimental results suggest that DNAJC7 may play a 
vital role in regulating protein folding and stability in tumor 
cells, particularly under stress conditions, such as oxidative 
stress, nutrient deprivation, and hypoxia. As a molecular 
chaperone, DNAJC7 is essential for maintaining protein 
homeostasis and tumor cell survival and growth. The malig-
nant growth of HCC is caused by DNAJC7, which promotes 
tumor cell growth and survival by facilitating improper 
folding of proteins.

The tumor immune microenvironment in HCC plays 
pivotal roles in immune evasion and disease progression 
(Lin et al. 2024). Increased immune cell infiltration within 
the tumor microenvironment can influence tumor behavior 
and therapeutic responses significantly (Xie et al. 2024). 
Analyses using the TIMER database revealed that elevated 
DNAJC7 expression is associated with increased infiltration 
of six distinct immune cell types during HCC progression. 
This suggests that the oncogenic role of DNAJC7 may be 
mediated by its effect on immune cells in HCC. Notably, 

Fig. 8  Spearman analysis indicates that the expression level of DNAJC7 is positively correlated with the expression of five immune checkpoints. 
(A) PDCD1; (B) CTLA4; (C) HAVCR2; (D) IDO1; (E) CD276
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of DNAJC7, providing practical guidance for the clinical 
treatment of HCC.
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