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Abstract
Background  Esophageal cancer is a significant global health concern, ranking seventh in incidence and sixth in 
mortality. It encompasses two pathological types: esophageal squamous cell carcinoma (ESCC) and esophageal 
adenocarcinoma, with ESCC being more prevalent globally and associated with higher mortality rates. The POU 
(Pit-Oct-Unc) domain family transcription factors, comprising 15 members, play important roles in embryonic 
development and organ formation. Aberrant expression of POUs has been observed in several human cancers, 
influencing cell proliferation, tumor invasion, and drug resistance. However, their specific role in ESCC remains 
unknown.

Methods  We analyzed TCGA and GEO databases to assess POUs expression in ESCC tissues. Kaplan-Meier and ROC 
analyses were used to evaluate the prognostic value of POUs. Gene Set Enrichment Analysis and Protein-Protein 
interaction network were used to explore the potential pathway. Functional assays (Cell Counting Kit-8, EdU Staining 
assay, and cloning formation assay) and mechanism analyses (RNA-seq, flow cytometry, and Western blot) were 
conducted to determine the effects of POU4F1 knockdown on ESCC cell phenotypes and signaling pathways.

Results  POU4F1 and POU6F2 were upregulated in various cancer tissues, including ESCC, compared to normal 
tissues. POU4F1 expression was significantly correlated with patient survival and superior to previous models 
(AUC = 0.776). Knockdown of POU4F1 inhibited ESCC cell proliferation and affected cell cycle, autophagy, and DNA 
damage pathways in ESCC cells.

Conclusion  POU4F1 is a novel and promising prognostic and therapeutic target for ESCC patients, providing insights 
into potential treatment strategies.
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Introduction
According to the Global Cancer Statistics 2020, esopha-
geal cancer (EC) holds the seventh position in terms of 
new cases and the sixth position in terms of fatalities 
worldwide [1]. Due to the economic gain and dietary 
habits, the incidence of esophageal squamous cell carci-
noma (ESCC) is higher in developing countries, usually 
accounting for more than 90% of all EC cases [1]. The lack 
of effective diagnosis and treatment is often attributed to 
the high mortality and incidence rate of ESCC patients. 
Therefore, it is necessary to identify reliable prognostic 
biomarkers for the treatment of ESCC.

The POU (Pit-Oct-Unc) domain family genes encode 
a class of transcription factors that are distinguished by 
their unique DNA binding structure, known as the POU 
domain. This structural feature allows these transcrip-
tion factors to bind to the octameric sequence ​A​T​G​C​A​
A​A​T [2]. Recent findings suggest the significant involve-
ment of POUs in tumor initiation and progression. For 
instance, POU1F1 is associated with the occurrence and 
progression of tumors [3, 4]. Overexpression of POU5F1 
promotes proliferation, migration, invasion, and EMT in 
colon cancer cells and lung cancer [5, 6]. Furthermore, 
a recent study published in the journal Advanced Sci-
ence demonstrates that POU4F1 (also known as Brn3a) 
regulates G1 transition, thereby affecting the growth and 
malignant phenotype of breast cancer [7]. However, the 
precise role and mechanisms of the whole POUs in ESCC 
progression remain poorly understood.

This study aimed to evaluate the prognostic impact of 
POUs on ESCC patients and preliminarily explore their 
functional regulation and mechanisms in ESCC cells. 
Prognostic significance was assessed through differential 
analysis, Kaplan-Meier survival analysis, and Cox pro-
portional hazards regression analysis using ESCC data 
from the TCGA and GEO databases. Functional experi-
ments on ESCC cells and RNA sequencing analysis were 
conducted to explore the biological function of POUs 
and their associated pathway mechanisms. The findings 
are expected to provide valuable insights into the prog-
nostic significance and therapeutic potential of POUs in 
ESCC.

Materials & methods
Sample and data collection
Public patient data were collected from the GSE53625 
dataset, comprising 179 normal and 179 tumor samples. 
RNA sequencing data from an ESCC cohort, consisting 
of 11 normal and 81 tumor samples, were retrieved from 
TCGA. Furthermore, the pan-cancer dataset was sourced 
from the UCSC database (https://xenabrowser.net/). To 
streamline the analysis, cancer types with fewer than 3 
samples were excluded, resulting in a dataset comprising 
expression data for 26 distinct cancer types.

Differentially expressed genes (DEGs) analysis
The TCGA database for ESCC employed the “edgeR” 
package, whereas GSE53625 utilized the “limma” pack-
age for differential analysis, applying a filtering criterion 
of P < 0.05 and |log2 fold change (FC)| > 0.585 to identify 
differentially expressed genes (DEGs).

Survival analysis of cancer patients
To investigate the potential association between POUs 
and survival, Kaplan–Meier survival analysis was con-
ducted using the R package “Survival”. P < 0.05 was con-
sidered statistically significant.

Forecast model analysis establishment
The prognostic value of POU4F1 was evaluated by draw-
ing the receiver operating characteristic (ROC) curve 
and calculating the area under curve (AUC) value. AUC 
is one of the evaluation indices for binary classification 
tasks (problems), taking values between 0 and 1, with 
the closer to 1, the higher the prediction accuracy. The 
Cox proportional hazards regression analysis was per-
formed and a nomogram model, including TNM stage 
and POU4F1, was established to predict the prognosis of 
ESCC patients with the help of “nomogram” package.

Pathway analysis
Pathway analysis includes two parts: Gene Set Enrich-
ment Analysis (GSEA) and Protein-Protein interaction 
(PPI) network. GSEA analysis was carried out between 
high POU4F1 expression group and low POU4F1 expres-
sion group to explore the potential signaling path-
way. C5-Gene Ontology gene sets (c5.go.v2023.2.) and 
C2-Canonical pathway database (c2.cp.v2023.2.) contain-
ing KEGG dataset was downloaded as references. The 
STRING database (http://string.embl.de/) and GeneMA-
NIA database (http://www.genemania.org) were used 
to construct the PPI network between POU4F1 and its 
interactional proteins.

Cell culture
ESCC cell line KYSE30 and KYSE70 were obtained from 
the Cell Bank of Chinese Academy of Sciences (Shang-
hai, China). Cells were cultured in RPMI1640 medium 
supplemented with 10% FBS and 1% penicillin / strep-
tomycin at 37 °C with 5% CO2. Mycoplasma testing and 
STR identification have been performed for KYSE30 and 
KYSE70.

RNA interference
Small interfering RNAs (siRNA) targeting POU4F1 and 
a negative control (NC) were synthesized by Shang-
hai Genechem Co., Ltd. The sequences of the siRNA 
were listed in Additional file 2:Table S1. Lipofectamine™ 
RNAiMAX Transfection Reagent (Thermo Fisher 

https://xenabrowser.net/
http://string.embl.de/
http://www.genemania.org
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Scientific, USA) was used for transiently transfection 
according to the manufacturer’s instruction.

Reverse transcription-quantitative PCR (RT-qPCR)
Total RNA was extracted by TRIzol reagent (Invitro-
gen) and was then reverse transcribed to cDNA using a 
Reverse transcription kit (Takara, Japan). Reverse tran-
scription-quantitative PCR (RT-qPCR) was performed 
using a SYBR Green qPCR Master Mix (Bimake, USA). 
The primers were synthesized by Sangon Biotech (Shang-
hai) Co., Ltd. and listed in Additional file 2:Table S2.

Cell proliferation assay
The influence of si-POU4F1 on the proliferation of ESCC 
cells was analyzed by CCK8 assay (Beyotime, Shang-
hai, China). ESCC cells (6000/well) were seeded in the 
96-well plate and then were placed at the 37 °C constant 
temperature cell incubator. After 24 h incubation, si-NC 
and si-POU4F1 were transfected into the cells for 48 h.

Colony formation assay
KYSE30 and KYSE70 (800/well) were seeded into 12-well 
plates. After 24  h culture, si-POU4F1 and si-NC were 
transfected into the cells. After 7 days of culture, the cul-
ture medium was aspirated, and the cell clones were fixed 
by methanol and stained with crystal violet.

EdU staining assay
ESCC cells were seeded in the 96-well plate at a density 
of 6 × 103 cells per well. After incubation for 24  h, the 
transfection reagent introduced si-NC and si-POU4F1 
into the cells for 48  h. Subsequently, theEdU-594 Kit 
(Beyotime, Shanghai, China) was conducted to evaluate 
cell proliferation.

RNA-sequence (RNA-seq) analysis
After transfection with si-NC and si-POU4F1 for 24  h, 
the cells were sent to the Beijing Genomics Institute. Co., 
Ltd. (Wuhan, China) for RNA-seq analysis. UMAP analy-
sis using the Sangerbox online tool (http://www.sanger-
box.com/tool) was conducted to visualize intra- and 
inter-group correlations within transcriptome sequenc-
ing data [8]. The DEGs were determined using the criteria 
of |log2 FC| > 0.585 and false discovery rate (FDR) < 0.05, 
and were highlighted in red (high expressed genes) or 
blue (low expressed genes) in the volcano plot. Addition-
ally, GSEA analysis were conducted for exploring the 
potential pathways using C2-Canonical pathway database 
(c2.cp.v2023.2.) containing KEGG dataset and C5-Gene 
Ontology gene sets (c5.go.v2023.2.) as a reference.

Western blot analysis
Total protein was extracted using RIPA buffer containing 
PMSF, protease inhibitors, phosphatase inhibitors and 

nuclease. The protein was separated by 12% SDS-PAGE 
and electrotransferred onto polyvinylidene fluoride 
membranes (Millipore). After blocking with 5% skimmed 
milk for 2  h, membranes were incubated with primary 
antibodies at 4  °C overnight. Then, the membranes 
were incubated with secondary antibodies at room tem-
perature for 1 h and then detected by Invitrogen iBright 
CL1000 imaging systems (Thermo Fisher, USA). The 
antibodies used in this paper are listed in Additional file 
2:Table S3.

Cell cycle analysis
KYSE30 cells were collected and fixed in 70% ethanol 
overnight following a 24-hour transfection with si-NC 
and si-POU4F1. Subsequently, cell cycle analysis was 
conducted using the Cell Cycle Analysis Kit (C1052, Bey-
otime, China) in accordance with the provided manual. 
After staining, the cells were subjected to flow cytometry 
analysis using the BD FACSCanto™ II system.

Statistical analysis
Results were analyzed by R version 4.1.2 (https://www.r-
project.org/), and GraphPad Prism version 8 (GraphPad 
Software, San Diego, CA, USA). Two-tailed p-values 
of less than 0.05 were defined as significant differences. 
Experimental data were presented as mean ± SD of at 
least three independent experiments and the results were 
analyzed using an unpaired Student’s t-test, and Two-way 
ANOVA. The code used in the bioinformatics analysis 
has been presented in Additional file 2:Table S4.

Result
Expression of POUs differs between ESCC and normal 
samples
To investigate the expression of POUs in ESCC, we con-
ducted a differential analysis of data from the TCGA and 
GSE53625 datasets. Boxplots were utilized to visualize 
the expression patterns of all POUs in these two data-
sets (Fig.  1A and B). Aberrant mRNA expression was 
observed in 6 genes in TCGA and 3 genes in GSE53625. 
Among them, POU6F2 and POU4F1 showed differential 
expression in both datasets (Fig.  1C). The gene expres-
sion profile and differentially expressed genes of POUs 
in TCGA and GSE53625 were shown in Additional file 
2:Table S5-6. Additionally, we conducted a pan-cancer 
analysis and found that compared to normal tissues, 
POU6F2 exhibited significantly elevated expression levels 
across various cancers especially in EC (Fig.  1D), while 
PUU4F1 also showed significant overexpression in most 
cancers except for PAAD and renal KICH (Fig. 1E).

http://www.sangerbox.com/tool
http://www.sangerbox.com/tool
https://www.r-project.org/
https://www.r-project.org/
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Fig. 1  Expression of POUs differs between ESCC and normal samples. A-B Boxplots displaying the expression of all POUs in ESCC. Red and blue colors 
represent tumor and normal tissue expressions, respectively. C Venn diagram of showing the overlap of DEGs between TCGA and GEO datasets. D-E 
Boxplots illustrating the expression levels of 2 genes between normal and tumor samples across 26 cancer types. *** for p < 0.001, ** for p < 0.01, and * 
for p < 0.05
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Prediction models and a survival nomogram for 
forecasting survival in ESCC patients
To assess the prognostic value of POUs in ESCC patients, 
Kaplan-Meier survival analysis was conducted. High 
POU4F1 expression was significantly correlated with 
lower survival rates, while POU6F2 did not exhibit signif-
icant differences in ESCC patients (Fig. 2A). The survival 
curves for all POUs are shown in Additional file 1: Fig. 
S1. To develop a prognostic model for ESCC, the predic-
tive accuracy of POU4F1 was evaluated using the ROC. 

POU4F1 demonstrated superior predictive ability with 
3-Year AUC of 0.707 and 5-Year AUC of 0.776 compared 
to previously studied biomarkers such as TNM stage, 
CST1, CD59, and ZNF750 [9–12] (Fig.  2B). Integration 
POU4F1 expression and TNM stage into a nomogram 
resulted in a more accurate prediction model (Fig.  2C), 
with 3-Year AUC = 0.786 and 5-Year AUC = 0.837 
(Fig.  2D). Analysis of the distribution of high- and low-
risk patients revealed that those with higher risk scores 
experienced increased mortality rates compared to those 

Fig. 2  Prediction models and a survival nomogram for forecasting survival in ESCC patients. A Survival analysis of POU4F1 and POU6F2 in TCGA. B The 
3 year- and 5 year-ROC curves of POU4F1, Stage, CST1, CD59 and ZNF750. C Nomogram constructed with TNM staging combined with POU4F1. D ROC 
and survival of the nomogram. E The distribution of patient risk scores, arranged in ascending order and categorized into low-risk (green) and high-risk 
(red) groups in TCGA. F Presentation of patient survival time and status, organized by increasing risk scores in TCGA. Red and green dots denote deceased 
and surviving patients, respectively
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with lower risk scores (Fig. 2E and F). These finding sug-
gests that POU4F1 could serve as a novel, reliable, and 
independent prognostic marker for ESCC. Furthermore, 
a prediction model based on POU4F1 and TNM stage 
may enhance the accuracy of predicting patient survival.

POU4F1-related signaling pathways based on GSEA and 
PPI network
Subsequently, our investigation aimed to uncover the 
possible tumor-associated mechanisms underlying the 
effects of POU4F1 in ESCC through GSEA. The GSEA 
result based on the C2-Canonical pathway database (c2.
cp.v2023.2.) containing KEGG dataset was included in 
the Additional file 2:Table S8. According to C5 gene sets, 
a total of 200 pathways were significantly enriched in the 
POU4F1-high group (Additional file 2:Table S7). Among 
these, three pathways are highly ranked in our analysis 
and well-documented in the literature as being related 
to tumor occurrence and development, making them 
readily verifiable through further experiments. These 
pathways include: GOBP_REGULATION_OF_TRAN-
SCRIPTION_INVOLVED_IN_G1_S_TRANSITION_
OF_MITOTIC_CELL_CYCLE (P = 0.000, NES = 2.04), 
G O B P _ G L I A L _ C E L L _ A P O P TOT I C _ P RO C E S S 
(P = 0.008, NES = 1.85), GOBP_REGULATION_OF_
IN TRINSIC_APOPTOTIC_SIGNALING_PATH-
WAY_IN_RESPONSE_TO_DNA_DAMAGE (P = 0.014, 
NES = 1.76) (Fig.  3A). And then, we used the STRING 
database to construct a PPI network of POU4F1-asso-
ciated proteins that included proteins such as TP53 
and other development related proteins (Fig.  3B) Fur-
thermore, GeneMANIA database analysis showed that 
POU4F1 was associated with Intrinsic apoptotic sig-
naling pathway-related genes, including BCL2, BAX, 
ZNF385A, HIPK2, JMY, PMAIP1, POU4F2, DNA dam-
age response, signal transduction by p53 class media-
tor pathway-related genes, including BAX, ZNF385A, 
HIPK2, PMAIP1, and Regulation of cell cycle arrest path-
way-related genes, including BAX, ZNF385A (Fig. 3C).

POU4F1 regulates cell growth and proliferation in ESCC
Based on the results of both differential and prognostic 
analysis, POU4F1 appears to be the potentially pivotal 
POUs gene in ESCC. To further substantiate its prognos-
tic and therapeutic value, we performed functional exper-
iments in ESCC cells using siRNA to silence POU4F1 
expression. Initially, we identified two siRNAs capable 
of effectively silencing POU4F1 in KYSE30 and KYSE70 
cells (Fig.  4A). Subsequently, we assessed the impact of 
si-POU4F1 on EC growth using the CCK8 assay, colony 
formation assay and EdU staining assay. As expected, 
POU4F1 knockdown in KYSE30 and KYSE70 cells led to 
significant changes in cell morphology, accompanied by 
notable decreases in cell number and viability (P < 0.05, 

Fig. 4B). Additionally, colony formation experiments con-
firmed a significant reduction in the number of cell colo-
nies after POU4F1 knockdown (Fig. 4C). The EdU assay 
further demonstrated a significant decrease in the pro-
portion of proliferating ESCC cells after siRNA treatment 
(Fig.  4D). These results strongly suggest that POU4F1 
knockdown exerts a significant inhibitory effect on the 
growth and proliferation of ESCC cells.

POU4F1 knockdown influences cell cycle, autophagy and 
DNA damage signaling pathways
To investigate the mechanism of POU4F1 knockdown 
on ESCC cell growth, we conducted RNA-seq analysis 
following si-POU4F1 treatment in KYSE30 cells. The 
expression profile in the comparison group was shown in 
Additional file 2:Table S9. The UMAP analysis revealed 
a high degree of similarity between samples within the 
sample group (Fig.  5A). Differential analysis identified 
1363 down-regulated and 1157 up-regulated genes, visu-
ally represented in a volcano plot (Fig. 5B and Additional 
file 2:Table S10). GSEA enrichment analysis highlighted 
many pathways affected by POU4F1 knockdown (Addi-
tional file 2: Tables S11-S12). Based on the C2 and C5 
gene sets, 162 and 358 pathways, respectively, were sig-
nificantly enriched, with top-ranked pathways related to 
cancer cell growth and easily verifiable including SELEC-
TIVE_AUTOPHAGY (P = 0.000, NES = 1.39), DNA_
DAMAGE_RECOGNITION (P = 0.000, NES = 1.31), and 
MITOTIC_G1_PHASE_AND G1_S_TRANSITION 
(P = 0.000, NES=-1.49) signaling pathway (Fig. 5C). Nota-
bly, key genes involved in the cell cycle displayed signifi-
cant alterations, as depicted in the heatmap (Fig. 5D).

Experiments validation of RNA sequencing
Additionally, the flow cytometry-based cell cycle assay 
revealed a significant increase in cells in the G1 phase 
after si-POU4F1 treatment, suggesting G1 phase cell 
cycle arrest (Fig.  6A). Western blot analysis suggested 
that down-regulation of Cyclin D1, CDK4, Cyclin E1, 
CDK2 and AURKA protein expression, consistent with 
the RNA-seq results, may contribute to G1 phase cell 
cycle arrest. Moreover, the increase in LC3B-II levels and 
decrease in P62 protein levels suggested the induction 
of autophagy upon POU4F1 knockdown. Furthermore, 
the elevated γ-H2AX levels and reduced PLK1 protein 
expression indicated potential DNA damage resulting 
from POU4F1 knockdown (Fig.  6B and C). The sche-
matic diagram showing the underlying mechanism that 
POU4F1 may influence ESCC cell proliferation through 
various pathways, including cell cycle, autophagy and 
DNA damage signaling (Fig. 7).
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Fig. 3  POU4F1-related signaling pathways based on GSEA and PPI network. A GSEA analysis of POU4F1-related signaling pathways in TCGA ESCC dataset. 
B PPI network constructed using the STRING database shows POU4F1 and the POU4F1-interacting proteins. C GeneMANIA analysis of relevant interactive 
proteins of POU4F1
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Fig. 4  POU4F1 regulates cell growth and proliferation in ESCC. A The interference efficiency of KYSE30 and KYSE70 treated with siRNA. B The evaluation 
of cellular morphology and viability after a 2-day treatment with siRNA, measured via an optical density of 450 nm. (Scale bar: 100 μm) C Images depict-
ing the colony formation assay results for the three groups within KYSE30 and KYSE70 cells, respectively. Additionally, histograms illustrating the colony 
numbers for each group in KYSE30 and KYSE70 cells. D Exemplary images from the EdU assays conducted in KYSE30 cells (Scale bar: 200 μm). *P < 0.05, 
**P < 0.01, ***P < 0.001
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Discussion
EC, particularly ESCC, imposes a significant global 
health burden, constituting a majority of cases and pre-
senting challenges in prognosis despite advancements in 
treatment modalities [13]. Thus, there is a critical need 
to explore novel prognostic biomarkers [14]. Our study 
aimed to address this need by investigating in depth the 
diagnostic and prognostic roles of POUs in ESCC. It’s 
the first time we’ve used bioinformatics big data min-
ing to explore the diagnostic and prognostic value of the 
whole POUs in ESCC. Through an analysis of key public 
databases, we observed elevated expression of POU4F1 
in ESCC. Moreover, our analysis revealed that POU4F1 
exhibited significantly elevated expression levels across 
various cancers, suggesting its potential as a diagnostic 
marker not only in ESCC but also in other malignancies. 
Furthermore, previous literatures have also indicated the 
high expression of POU4F1 in other tumors [7].

Our analysis revealed that POU4F1 is associated with 
lower survival rates in ESCC patients, and demonstrates 
higher predictive accuracy compared to previously stud-
ied biomarkers such as TNM stage, CST1, CD59, and 
ZNF750 (Fig.  2B), indicating its potential as a prognos-
tic biomarker. Additionally, the integration of POU4F1 
expression and TNM stage into a nomogram signifi-
cantly improves the predictive accuracy for ESCC patient 

survival, highlighting the clinical relevance of POU4F1 in 
ESCC prognosis. Furthermore, POU4F1 has been found 
to significantly influence not only in ESCC development 
but also the survival and progression of various cancers, 
including melanoma and head and neck squamous cell 
carcinoma (HNSCC) [15, 16]. POU4F1 has also been 
intricately linked to the clinical survival and incorporated 
into the risk assessment model for predicting clinical out-
comes in CRC [17, 18]. Similarly, POU4F1 was identified 
as a pivotal survival gene and has been specifically cho-
sen for incorporation into the lasso-based Cox model in 
HNSCC and triple-negative breast cancer [16, 19].

Our study provides a preliminary exploration into the 
therapeutic potential of targeting POU4F1 in ESCC. 
Through siRNA-mediated knockdown, we observed 
a significant inhibition of ESCC cell proliferation and 
growth, suggesting a potential therapeutic target. These 
results are consistent with previous findings in other 
cancer types, where the reduction of POU4F1, com-
bined with trastuzumab, effectively decreased the growth 
capacity of HER2-positive breast cancer cells resistant 
to trastuzumab [20]. The suppression of Brn3a through 
RNA interference significantly diminished the survival 
rate of melanoma cell lines and lessened the growth of 
tumors in vivo [15]. However, there is limited research 
on the mechanistic studies of POU4F1’s impact on tumor 

Fig. 5  POU4F1 knockdown influences Cell cycle, Autophagy and DNA damage signaling pathways. A UMAP analysis of the samples from RNA sequenc-
ing. B Visualization of DEGs from RNA-seq analysis using a volcano plot. C Representative GSEA enrichment analysis. D Heatmap showcasing differential 
genes associated with Cell Cycle
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cell growth. Our RNA-seq analysis revealed POU4F1’s 
impact on several ESCC pathways, including the cell 
cycle, autophagy, and DNA damage. At the same time, 
GSEA results from TCGA data and PPI network indicate 
that POU4F1 was associated with pathways involved in 
tumor development and progression, including cell cycle, 
apoptotic and DNA damage. These results are consistent 
with previous studies [15, 21]. GSEA results from RNA-
seq data highlighted the significant effect of POU4F1 on 
the cell cycle, which was validated through subsequent 
FACS and WB experiments. Our WB experiments results 
showed that POU4F1 siRNA inhibited the expression 
of critical checkpoint proteins, cyclin D1/CDK4 and 
Cyclin E1/CDK2, which are both essential for the G1/S 
phase transition [22, 23]. We also observed a decrease in 

AURKA protein expression, which correlates with G0/
G1 phase arrest in breast cancer cells [24]. These find-
ings are in line with previous literature, which has shown 
that silencing POU4F1 via RNA interference signifi-
cantly reduces melanoma cell viability and inhibits tumor 
growth by inducing cell cycle arrest and triggering DNA 
damage signaling [15].

Although there is limited literature available, our RNA-
Seq results guided us to explore the effects of knock-
ing down POU4F1 on DNA damage and autophagy. We 
observed an elevation in γ-H2AX levels within KYSE30 
cells. The phosphorylation of the histone H2A variant, 
H2AX, leads to the formation of γ-H2AX, which is a rec-
ognized biomarker for measuring DNA double-strand 
breaks [25, 26]. Moreover, DNA damage triggers the 

Fig. 6  Experiments validation of RNA sequencing. A Flow cytometry was used to assess the distribution of cell cycle phases in ESCC cells after POU4F1 
knockdown. B-C Western blot detection of protein levels for the indicated proteins
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reduction of PLK1 in an ATM/ATR-dependent man-
ner [27]. Therefore, the persistent rise in γ-H2AX levels 
coupled with the decrease in PLK1 suggests the potential 
of POU4F1 suppression to induce DNA damage. Finally, 
the knockdown of POU4F1 may induce autophagy, as 
evidenced by the upregulation of LC3BII and the down-
regulation of p62, both of which are essential markers of 
autophagy [28]. Thus, apart from its impact on the cell 
cycle, it is conceivable that POU4F1 may also modulate 
ESCC progression through mechanisms involving DNA 
damage and autophagy.

This paper highlights the significance of POU4F1 as 
both a prognostic and therapeutic target in ESCC, sup-
ported by bioinformatics and experimental validation. 
However, several aspects require further investigation in 
future studies: [1] We observed a decrease in p21 protein 
expression following POU4F1 knockdown (Additional 
file 1: Fig. S2). Previous studies have shown that POU4F1 
binds to and activates the p21 promoter, resulting in 
increased p21 expression [21, 29], which is consistent 
with our findings. However, since p21 is typically upreg-
ulated in response to during anticancer treatment and 
DNA damage, further exploration is warranted into the 
role of p21 in POU4F1 knockdown therapy for ESCC [2]. 
Further elucidation of the detailed role and mechanism 
of POU4F1 in ESCC requires conducting various experi-
ments, such as overexpression studies and in vivo animal 
models.

Conclusion
POU4F1 demonstrates significant overexpression in 
ESCC, showcasing considerable independent prognos-
tic potential. In vitro experiments have underscored 
POU4F1’s pivotal role in influencing ESCC cell prolifera-
tion, cell cycle modulation, DNA damage, and autoph-
agy. Our study highlights POU4F1’s importance as both 
a therapeutic target and prognostic biomarker in ESCC. 
Further investigation into the effectiveness of inhibit-
ing POU4F1 in preclinical ESCC models holds promise. 
Additionally, considering its emerging significance as 
a prognostic biomarker in ESCC, future clinical studies 
could evaluate its predictive value regarding treatment 
response.
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