ELMER
PRESS

’ '.) Check for updates‘

Orriginal Article

World | Oncol. 2025;16(4):409-42 |

Upregulated E26 Transformation-Specific Variant
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Carcinoma: Clinicopathological Correlations
and Immune Regulatory Mechanisms
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Abstract

Background: E26 transformation-specific variant transcription fac-
tor 7 (ETV7) is implicated in various cancers, but its role in oral squa-
mous cell carcinoma (OSCC) remains undefined. This study explores
the clinicopathological significance and molecular mechanisms of
ETV7 upregulation in OSCC.

Methods: ETV7 protein expression was assessed via immunohis-
tochemistry (IHC) in 173 OSCC and 60 non-OSCC tissues. ETV7
mRNA levels were analyzed using bulk RNA sequencing and single-
cell RNA sequencing, supplemented by immune infiltration, enrich-
ment and cell communication analysis.

Results: IHC revealed significantly higher ETV7 protein expression
in OSCC than in non-OSCC tissues (P < 0.001), correlating with ad-
vanced T (r = 0.380, P < 0.001) and N stages (r = 0.592, P < 0.001).
High-throughput data confirmed ETV7 mRNA upregulation (stand-
ardized mean difference (SMD) = 0.35, 95% confidence interval (CI):
0.15 - 0.56; summary receiver operating characteristic (s receiver op-
erating characteristic) area under the curve (AUC) = 0.78, 95% CI:
0.74 - 0.81), with levels decreasing twofold post-nivolumab treatment
(P < 0.001). Enrichment analysis pinpointed the immune response-
regulating signaling pathway as a key mechanism, supported by ele-
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vated immune cell infiltration (e.g., CD8" T cells) in high-ETV7 sam-
ples. SLC15A4 and DAB2IP emerged as potentially overexpressed
ETV7 targets. Cell communication analysis showed ETV7 enhancing
myeloid cell interactions via the midkine (MK) pathway.

Conclusions: ETV7 upregulation drives OSCC progression, poten-
tially through immune microenvironment modulation, positioning it
as a candidate biomarker and therapeutic target. Its association with
clinical stage and immunotherapy response underscores its prognostic
relevance in OSCC management.

Keywords: ETV7; Oral squamous cell carcinoma; Immunohisto-
chemistry; Immune microenvironment; RNA sequencing

Introduction

Oral cancer, predominantly affecting the oral cavity and lips,
is the most prevalent malignancy among head and neck can-
cers [1]. In 2020, global estimates reported 377,713 new cas-
es and 177,757 deaths [2]. Approximately 90% of these cases
are oral squamous cell carcinomas (OSCC), arising from
epithelial cells [3]. Despite prognostic advances over recent
decades, OSCC remains an aggressive and unpredictable dis-
ease [4]. The immune microenvironment plays a pivotal role
in OSCC progression and therapy response, yet its regulation
remains poorly understood. Elucidating its molecular mecha-
nisms is essential to improve understanding and therapeutic
strategies.

E26 transformation-specific variant transcription factor 7
(ETV7), a member of the E26 transformation-specific (ETS)
transcription factor family [5], is upregulated in several ma-
lignancies, including bladder cancer [6], hepatocellular carci-
noma [7], and ovarian cancer [8]. ETV7 drives tumor progres-
sion through diverse pathways. For example, it interacts with
mammalian target of rapamycin (mTOR) in the cytoplasm to
form mTORCS3, accelerating rhabdomyosarcoma onset and
penetrance [9]. In breast cancer, ETV7 suppresses inflamma-
tion by downregulating TNFRSF1A [10]. However, its role in
OSCC remains unexplored.
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This study investigates ETV7’s potential contribution to
OSCC using immunohistochemistry (IHC) and comprehen-
sive high-throughput data analysis. By integrating these ap-
proaches, we aim to establish ETV7’s expression profile and
functional significance, laying the groundwork for identifying
novel mechanisms in OSCC management.

Materials and Methods

IHC

ETV7 protein expression was assessed using IHC on five tis-
sue microarrays (TMAs) comprising 173 OSCC and 60 non-
OSCC samples (Fanpu Biotech, Inc., Guilin, China; TMA
IDs: TOC481, ORC1021, HNT961, HNT962, HNT1021). The
study was approved by the Ethical Committee of College of
Stomatology, Guangxi Medical University (Institutional Re-
view Board (IRB):2023039) and was conducted in accord-
ance with the ethical standards of the Helsinki Declaration.
IHC was performed using an anti-ETV7 antibody (Abcam,
ab229832) per the manufacturer’s protocol. Positive staining
was scored based on area percentage: 0 (0-10%), 1 (11-25%), 2
(26-50%), 3 (51-75%), or 4 (76-100%), and staining intensity:
1 (weak), 2 (medium), or 3 (strong). The final ETV7 IHC score
was calculated as the product of the positive cell percentage
score and staining intensity score through blinded evaluation
by two independent assessors [8].

Bulk mRNA sequencing (mRNA-seq) analysis

Microarray and RNA-seq datasets were retrieved from pub-
lic databases including Gene Expression Omnibus (GEO),
Sequence Read Archive (SRA), The Cancer Genome Atlas
(TCGA), and ArrayExpress to evaluate ETV7 mRNA expres-
sion in OSCC. Inclusion criteria were: 1) human OSCC tis-
sues; 2) available ETV7 expression data; and 3) > three sam-
ples per experimental and control group. Batch effects were
corrected, and ETV7 mRNA levels in OSCC versus control
groups were visualized using boxplots and receiver operating
characteristic (ROC) curves.

scRNA-seq data analysis

Single-cell RNA sequencing (scRNA-seq) data were sourced
from GEO with inclusion criteria: 1) OSCC and normal tis-
sue samples; 2) human-derived samples. Exclusion criteria
included: 1) drug-treated or metastatic samples; 2) immune-
cell-only datasets; and 3) spatial transcriptomics data. Datasets
were merged using the merge function, and batch effects were
adjusted with the Harmony package. High-quality cells were
filtered (200 < nFeature RNA < 2,500, mitochondrial gene
content < 5%). Dimensionality reduction was performed using
Uniform Manifold Approximation and Projection (UMAP),
followed by clustering at a resolution of 0.2 and cell-type an-
notation [11].

Immuno-infiltration analysis

TCGA-OSCC log (TPM+1) sequencing data were analyzed.
Tumor Immune Estimation Resource (TIMER) 2 and the xCell
deconvolution algorithm assessed the relative abundance of
immune and mesenchymal cells in OSCC. Immune cell levels
were compared between high- and low-ETV7 mRNA expres-
sion groups, and Pearson correlation was calculated to evalu-
ate ETV7’s association with immune infiltration.

Cell communication analysis

Malignant epithelial cells were stratified into high- and low-
ETV7 expression groups. The CellChat package [12] was used
to analyze interactions between the high-ETV7 group and oth-
er cell types, focusing on ligand-receptor pair communication
strength and functional implications.

Enrichment analysis

OSCC-overexpressed genes (standardized mean difference
(SMD) > 0, P <0.05) and ETV7 coexpressed genes (Pearson r
>0.30, P<0.05, significant in > three datasets) were identified
from batch-corrected data. ETV7 regulatory candidates were
screened via CistromeDB (score > 0.50). Overlapping genes
among OSCC-overexpressed, ETV7 coexpressed, and ETV7-
regulated sets were subjected to Gene Ontology (GO) and Re-
actome enrichment analysis using clusterProfiler.

Validation of ETV7 overexpression and gene dependency
in OSCC

Gene dependency was assessed using the Cancer Dependency
Map. The “CRISPR (DepMap Public 24Q4 + Score Chronos)”
dataset provided gene effect scores for OSCC cell lines post-
ETV7 knockout. The Chronos algorithm evaluated cell viabil-
ity impacts, with negative scores indicating growth inhibition
following ETV7 knockout.

Statistical analysis

ETV7 protein expression differences between OSCC and control
groups were analyzed using independent-samples f-tests, while
mRNA levels were assessed with the Wilcoxon test. Spearman
correlation examined associations between ETV7 protein lev-
els and clinical parameters. Ordinal logistic regression was em-
ployed to evaluate the impact of ETV7 protein expression lev-
els, gender, and TNM staging on clinical stage outcomes. ROC
curves and area under the curve (AUC) values evaluated ETV7
protein’s discriminatory capacity. ETV7 mRNA expression and
diagnostic ability were summarized using SMD forest plots and
summary receiver operating characteristic (SROC) curves. Pub-
lication bias was assessed with Egger’s and Begg’s tests. Statis-
tical significance was set at P < 0.05.
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Figure 1. IHC staining of ETV7 expression in OSCC. (a) Expression of ETV7 in non-OSCC tissues. (b) Expression of ETV7
in OSCC tissues. (c) Different expression of ETV7 protein between non-OSCC and OSCC tissues. (d) ROC analysis of ETV7
protein expression in OSCC tissues. (e) Relationship between ETV7 protein level and clinicopathological parameters of OSCC
patients based on the IHC. *P < 0.05. #Clinical stage: | vs. lll, | vs. IV, Il vs. lll, Il vs. IV, P < 0.001. Early stage (I and Il) vs. ad-
vanced stage (lll and 1V) P < 0.001. IHC: immunohistochemistry; ETV7: E26 transformation-specific variant transcription factor
7; OSCC: oral squamous cell carcinoma; ROC: receiver operating characteristic.

Results and OSCC tissues (Fig. 1a, b). In non-OSCC tissues, ETV7
expression was generally low, with only occasional positive
staining in epithelial cells. Some samples exhibited no cyto-
plasmic ETV7 signal, showing only faint staining in intercel-
lular squamous epithelial bridges (Fig. 1a). In contrast, OSCC
tissues displayed strong, uniform ETV7 expression, with posi-
ETV7 protein expression varied markedly between non-OSCC tive signals localized to the cytoplasm (Fig. 1b). Significantly

The protein overexpression and clinical relevance of
ETV7in OSCC tissues

Articles © The authors | Journal compilation © World | Oncol and Elmer Press Inc™ | https://wjon.elmerpub.com 411



Upregulated ETV7 in OSCC

World ] Oncol. 2025;16(4):409-421

Table 1. Information of Included High Throughput Data

Platform ID g:n(i)?es ls\;‘;::;)(lzfcc
GPL24676 GSE184616 15 15
GSE179730 11 0
GPL21290 GSE186775 17 17
GSE140707 3 3
GPL5175 GSE25099 57 22
GSE41116 43
GPL6480 GSE23558 27
GSE46802 6 10
GSE84846 99
GSE85446 66
GSE85195 34
GPL6353 GSE10121 35 6
GPL10526 GSE31056 23 73
GPL96 GSE3524 16 4
GPL1426 GSE36090 10
GPL2986
GPL10739 GSE56532 10
TCGA OScC 110 4
E-MTAB 8588 24 28

OSCC: oral squamous cell carcinoma.

higher ETV7 protein levels were confirmed in OSCC com-
pared to non-OSCC tissues (P <0.001) (Fig. 1c). ROC analysis
further validated this overexpression, yielding an AUC near 1
(Fig. 1d), demonstrating ETV7’s ability to distinguish OSCC
from non-OSCC tissues.

The relationship between ETV7 protein expression and
OSCC clinical parameters was also examined. Elevated ETV7
levels were observed in male patients and those with T2-4, N1-
3, and advanced clinical stages compared to their counterparts
(Fig. le). Spearman correlation analysis revealed a strong pos-
itive association between ETV7 expression and clinical stage
(r=10.618, P < 0.001), with notable correlations to T stage (r
=0.380, P < 0.001) and N stage (r = 0.592, P < 0.001). But
multiple linear regression analysis revealed that ETV7 expres-
sion score was not a significant independent effect on clinical
stage (P =0.952).

Upregulation of ETV7 mRNA in OSCC

High-throughput data from 12 platforms were analyzed (Table
1), confirming ETV7 mRNA upregulation in OSCC (SMD =
0.35, 95% CI: 0.15 - 0.56; sSROC AUC = 0.78, 95% CI: 0.74 -
0.81) (Fig. 2). These findings suggest ETV7 may contribute to
the biological and clinical progression of OSCC.
Additionally, four scRNA-seq datasets from the GEO da-
tabase (GSE164241, GSE172577, GSE195655, GSE195832)

were integrated, normalized, and corrected for batch effects
(Fig. 3a). Cell-type annotation delineated the distribution of
subpopulations within the OSCC microenvironment (Fig. 3b).
ETV7 mRNA expression was significantly elevated in malig-
nant epithelial cells, T cells, B cells, neutrophils, myeloid cells,
endothelial cells, and stromal cells (Fig. 3c). Notably, ETV7
expression decreased twofold following treatment with the
programmed cell death protein 1 (PD-1) inhibitor nivolumab
(P<0.001) (Fig. 3d).

Validation of ETV7 expression and gene dependency in
OSCcC

ETV7 expression varied across OSCC cell lines. Clustered
regularly interspaced short palindromic repeats (CRISPR)-
based screening revealed that ETV7 knockout inhibited the
growth of 27 OSCC cell lines, as indicated by negative gene
effect scores < 0 (Fig. 3e).

Potential mechanism of ETV7 in OSCC

Given ETV7’s role as a transcription factor and its elevated ex-
pression in OSCC, we intersected OSCC-overexpressed genes,
ETV7 positively coexpressed genes, and potential ETV7 tar-
get genes for further analysis (Fig. 4a). Enrichment analysis of
this intersection, detailed in Figure 4b, highlighted significant
enrichment in biological processes and Reactome pathways,
including immune response-regulating signaling, interferon
signaling, and interleukin signaling. Based on the observed re-
duction in ETV7 expression following immunotherapy, we fo-
cused on the immune response-regulating signaling pathway,
constructing a protein-protein interaction (PPI) network (Fig.
4c). This analysis revealed potential positive regulatory rela-
tionships between ETV7 and SLC15A4 and DAB2IP within
this pathway (Fig. 4d, e). Subsequent investigation confirmed
that SLC15A4 and DAB2IP, both highly expressed in OSCC,
are likely ETV7 targets (Fig. 4f, g).

scRNA-seq indicated ETV7 expression in immune cells,
prompting an investigation into its relationship with immune
infiltration. Analysis revealed differential immune cell abun-
dance corresponding to ETV7 expression levels (Fig. 5a).
Higher ETV7 expression was associated with increased im-
mune infiltration, showing a positive correlation overall. Spe-
cifically, ETV7 expression positively correlated with infil-
tration of CD4" T cells, CD8" T cells, dendritic cells (DCs),
M1 macrophages, and memory B cells (Fig. 5b). Malignant
epithelial cells in the OSCC group were stratified into high-
ETV7 (clusters 0, 1, 7, 8) and low-ETV7 (clusters 2, 3, 4, 5,
6, 9) expression groups based on ETV7 mRNA levels (Fig.
6a). Cell communication analysis demonstrated significant-
ly enhanced interactions between the high-ETV7 group and
myeloid cells (Fig. 6b). Additionally, the high-ETV7 group
exhibited a strong association with the midkine (MK) signal-
ing pathway (Fig. 6¢), where it served as a key “influencer”,
receiving MK pathway signals (Fig. 6d, e). Ligand-receptor
interaction analysis further revealed significant enrichment of
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Figure 2. (a) Different expressions of ETV7 mRNA. (b) ROC analysis of ETV7 mRNA expression in each dataset. (c) Forest
plot of standardized mean differences of ETV7 mRNA. (d, e) Publication bias test of included datasets. (f) SROC curve of ETV7
mRNA. ETV7: E26 transformation-specific variant transcription factor 7; ROC: receiver operating characteristic; sROC: summary
receiver operating characteristic; SD: standard deviation; SMD: standardized mean difference; Cl: confidence interval.
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Figure 3. Expression of ETV7 in OSCC different subpopulations. (a) Cluster analysis for scRNA-seq data. (b) Cell annotation
for clusters. (c) Density plot of ETV7 expression distribution in each cluster. (c) Changes of OSCC cell subsets after nivolumab
treatment. (e) ETV7 expression vs. gene effect in head and neck cancer cell lines. ETV7: E26 transformation-specific variant
transcription factor 7; OSCC: oral squamous cell carcinoma; scRNA-seq: single-cell RNA sequencing.
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Figure 4. Potential mechanism of ETV7 in OSCC. (a) The intersection of OSCC overexpressed genes, ETV7 coexpressed
genes, and ETV7 targets genes. (b) Enrichment analysis for ETV7. (c) Protein-protein interactive network for ETV7 (purple ar-
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MK pathway-related pairs in the high-ETV7 group, including
midkine (MDK)-nucleolin (NCL), MDK-(integrin subunit al-
pha 6 (ITGA6) + integrin subunit beta 1 (ITGB1), and MDK-
syndecan-4 (SDC4) (Fig. 6f).

Discussion

This study confirmed elevated ETV7 expression in OSCC
at both protein and mRNA levels, exploring its mechanisms
through functional enrichment, immune infiltration, and cell
communication analyses.

ETV7, recognized as an oncoprotein in various solid
tumors [6] and hematological malignancies [13], remains
poorly characterized in OSCC. We initiated our study by
assessing ETV7 protein expression via IHC, followed by
mRNA analysis using publicly available high-throughput
datasets. Our results consistently showed elevated ETV7 ex-
pression in OSCC tissues compared to non-OSCC controls at
both protein and mRNA levels. Clinical analysis further re-
vealed a positive correlation between ETV7 overexpression
and OSCC progression, particularly with advanced clinical
stages. scRNA-seq demonstrated a significant reduction in
ETV7 expression following immunotherapy, coinciding with
decreased tumor cell populations, while CRISPR-mediated
ETV7 knockout inhibited growth in 27 OSCC cell lines.
These findings collectively underscore ETV7’s critical role
in driving OSCC pathogenesis.

To further explore ETV7’s role in OSCC, we employed
bioinformatics approaches to investigate its underlying
mechanisms. Gene enrichment analysis revealed that ETV7
is primarily involved in immune response-regulating sign-
aling, interferon signaling, and interleukin signaling path-
ways. Previous studies have implicated ETV7 in immune
modulation, notably by promoting CD8* T-cell infiltration in
melanoma through regulation of chemokines (e.g., CC mo-
tif chemokine ligand 5 (CCL5) and CXC motif chemokine
ligand 10 (CXCL10)) [14] and enhancing antigen process-
ing and presentation via major histocompatibility complex
(MHC) class I molecules in urothelial carcinoma [15]. More-
over, mouse model studies have demonstrated that ETV7
overexpression binds to the promoter regions of genes such
as TCF7, CTLA4, and TOX, driving CD8"* T-cell differentia-
tion from a memory to an exhausted state, thereby impairing
their anti-tumor efficacy. Consequently, increased CD8* T-
cell infiltration is observed in tumors [16]. Consistent with
these findings, our study revealed elevated CD8" T-cell in-
filtration in the high-ETV7 expression group compared to
the low-expression group. Thus, in chimeric antigen recep-
tor (CAR)-T cell therapy, knocking down ETV7 expression
could enhance the anti-tumor efficacy of CAR-T cells and re-
duce the proportion of exhausted cells, offering a promising
novel therapeutic strategy for OSCC [16]. Additionally, as an
interferon-stimulated gene (ISG), ETV7 regulates interferon
responses [17] and has been shown to suppress interferon-
responsive genes, thereby influencing breast cancer stem cell
plasticity and resistance to chemotherapy and radiotherapy
[18]. Modulating ETV7 expression or activity may improve

therapeutic outcomes in breast cancer, reduce drug resist-
ance, and lower the risk of recurrence [19].

Focusing on the immune response-regulating signaling
pathway, we identified SLC/544 and DABZ2IP as potential
ETV7 target genes. SLC15A4, a member of the solute car-
rier (SLC) family of membrane transporters [20], includes
four mammalian isoforms: SLC15A1 (PEPT1), SLCI5A2
(PEPT2), SLC15A3 (PHT2), and SLC15A4 (PHTI). It fa-
cilitates histidine transport across cell membranes [21] and is
implicated in immune disorders such as systemic lupus ery-
thematosus [22] and ulcerative colitis [23]. SLC15A4 regu-
lates the Toll-like receptor (TLR)-triggered interferon regula-
tory factor 7 (IRF7)-type I interferon (IFN-I) axis, enhances
inflammasome activity via mTORCI signaling, and contrib-
utes to IFN-I production through the mTOR pathway [24, 25],
suggesting a role in modulating the tumor immune microen-
vironment. Elevated SLC15A4 expression has been proposed
as a prognostic biomarker in lung adenocarcinoma [26] and
observed in colorectal [27] and prostate cancers [28], consist-
ent with our findings of high SLC15A4 expression in OSCC.
Besides, DAB2IP modulates the interactions between tumor
cells and immune cells, thereby influencing the immune status
of the tumor microenvironment (TME). Studies have shown
that downregulation of DAB2IP may enhance the activation
of the nuclear factor kappa B (NF-«B) signaling pathway, pro-
moting the expression of pro-inflammatory cytokines (e.g.,
tumor necrosis factor alpha (TNF-a)), which subsequently
shapes a pro-tumor immune microenvironment [29]. The ex-
pression level of DAB2IP is closely associated with immune
cell infiltration in tumors. For example, in renal cell carci-
noma, reduced DAB2IP expression correlates with decreased
infiltration of CD8" T cells and B cells, which may contribute
to exacerbated immunosuppression and poor prognosis [30].
Additionally, as an IFN-responsive gene, DAB2IP plays a
regulatory role in the IFN signaling pathway. Studies reveal
that DAB2IP suppresses the overactivation of IFN-responsive
genes, a mechanism implicated in modulating the plasticity of
cancer stem cells and therapy resistance in breast cancer [31].
SLC15A44 and DAB2IP, as potential target genes of ETV7, play
critical roles in the TME by regulating immune-related signal-
ing pathways. These findings suggest that they may serve as
key molecular hubs connecting ETV7 to the remodeling of the
immune microenvironment in OSCC.

Additionally, cell communication analysis revealed that
ETV7 high-expression cells likely interact closely with my-
eloid cells via macrophage migration inhibitory factor (MIF)-
(CD74 + CXC chemokine receptor type 4 (CXCR4)) and
MIF-(CD74 + CD44) ligand-receptor pairs. Myeloid cells are
critical indicators of OSCC prognosis and immune infiltration.
Increased myeloid cell presence, driven by cancer-associated
inflammation, promotes the secretion of pro-inflammatory cy-
tokines, enhancing cancer cell proliferation and metastasis [32].
Additionally, the ETV7 high-expression group showed signifi-
cant enrichment in MK pathway-related ligand-receptor pairs,
including MDK-NCL and MDK-SDC4. The MK pathway,
previously identified in colorectal cancer, pancreatic ductal
adenocarcinoma, and breast cancer, facilitates signaling from
malignant cells to the TME interface. In this pathway, malig-
nant cells secrete MDK, engaging receptors NCL and SDC4 to
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foster an immunosuppressive and angiogenic TME that drives
tumor growth [33]. These findings suggest that in OSCC,
ETV7 high-expression cells may modulate the tumor immune
environment and promote metastasis through MDK-mediated
signaling. Research has revealed that MDK can be recognized
by the T-cell receptor of CD8* T cells, thereby triggering an
immune response. MDK-specific cytotoxic T lymphocytes are
capable of lysing tumor cells [34]. However, MDK also con-
tributes to the formation of immunosuppressive TME, which
impairs the activity and function of CD8" T cells, leading to
their exhaustion and reducing their ability to effectively tar-
get tumor cells [35]. Given MDK’s critical role in modulating
the TME and influencing CD8" T cell function, inhibitors of
the MDK signaling pathway could be combined with immune
checkpoint inhibitors or other immunotherapeutic agents to en-
hance the efficacy of immunotherapy [36]. This study provides
valuable insights into ETV7’s role in OSCC; however, several
limitations should be acknowledged. First, the reliance on ret-
rospective TMAs and publicly available datasets may limit the
generalizability of findings across diverse OSCC populations.
Second, while bioinformatics analyses identified SLC15A4
and DAB2IP as potential ETV7 targets, direct experimental
validation (e.g., ChIP-seq or luciferase assays) is lacking to
confirm these regulatory relationships. Third, the study’s focus
on immune-related pathways, such as the MK-MDK signal-
ing axis, leaves other potential mechanisms (e.g., metabolic or
proliferative pathways) underexplored. Finally, the functional
impact of ETV7 knockout was assessed in OSCC cell lines,
but in vivo models are needed to better recapitulate the TME
and clinical context. These gaps highlight the need for further
studies to strengthen the translational potential of our findings.

Conclusions

In conclusion, our study demonstrates ETV7 overexpression
in OSCC and underscores its critical role in disease progres-
sion, likely mediated by its influence on the immune microen-
vironment. The precise mechanisms underlying these findings
warrant further experimental investigation.
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