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Abstract

Impact Statement

Head and neck squamous cell carcinoma (HNSC)
is one of the most common causes of cancer-
related deaths worldwide. INHBA is a protein-
coding gene belonging to the transforming growth
factor g (TGFB) superfamily, and many studies have
shown that INHBA dysregulation is associated with
the progression of various cancers. However, the
role of INHBA in HNSC remains unclear. Exploring
the expression profile of INHBA and its prognostic
implications in HNSC are critical. Here, we reveal
that INHBA upregulation is significantly associated
with poor overall survival (OS) and disease-free
survival (DFS) in HNSC. Multivariate Cox regres-
sion revealed that INHBA overexpression is an
independent poor prognostic factor in HNSC, and
the INHBA-based prognostic model has a more
powerful predictive ability than tumor—node—metas-
tasis (TNM) staging system alone. In addition, copy
number alterations and miR-217-5p downregula-
tion are potential mechanisms for elevated INHBA
expression in HNSC. In summary, INHBA may rep-
resent a promising predictive biomarker and candi-
date target for anti-TGFp therapy in HNSC.

Inhibin subunit BA (INHBA) is a protein-coding gene belonging to the transforming
growth factor B (TGFB) superfamily, which is associated with the development of
a variety of cancers. However, the role of INHBA in head and neck squamous
cell carcinoma (HNSC) remains unclear. The expression profile and prognostic
significance of INHBA in HNSC were assessed using a variety of informatics methods.
The level of INHBA expression was significantly higher in patients with HNSC, and
it was correlated with sex, tumor-node—metastasis (TNM) stage, histological grade,
and human papillomavirus (HPV) status. Kaplan—Meier (K-M) analysis indicated
that poor overall survival (OS) and disease-free survival (DFS) were significantly
associated with INHBA upregulation in HNSC. INHBA overexpression was validated
as an independent poor prognostic factor by multivariate Cox regression, and
including INHBA expression level in the prognostic model could increase prediction
accuracy. In addition, copy number alterations (CNAs) of INHBA and miR-217-
5p downregulation are potential mechanisms for elevated INHBA expression in
HNSC. In conclusion, INHBA may represent a promising predictive biomarker and
candidate target for anti-TGFp therapy in HNSC.
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Introduction

Head and neck squamous cell carcinoma (HNSC), compris-
ing the majority of primary head and neck cancers, is the
third most common malignancy and the seventh leading
cause of cancer-related deaths worldwide, with a global
occurrence of 750,000 cases annually.!? Despite significant
advances in the diagnosis and treatment of HNSC, the high
rate of metastasis (approximately 65% of patients) and unfa-
vorable prognosis (5-year survival rate of <50%) highlight
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the importance of further research into the molecular biol-
ogy and pathogenesis mechanisms of HNSC.3# Furthermore,
because aberrant gene expression profiles that characterize
tumor biological activities are well recognized as activators
of cancer formation and progression, discovering new thera-
peutic targets to improve early diagnosis and comprehensive
therapy of HNSC is of significant interest.

The transforming growth factor B (TGFB) pathway is a
pleiotropic signaling cascade mediating various molecular
and cellular processes, whose dysregulation is responsible
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for carcinogenesis and cancer progression in different tissue
types due to increased genomic instability.> Canonical TGFf
signaling begins with TGF-f receptor II (TGFBRII)-mediated
ligand binding, which subsequently phosphorylates TGFf
receptor I (TGEBRI) and results in the phosphorylation
of receptor-activated Smads (R-Smads). Phosphorylated
R-Smads then translocate to the nucleus to either directly
bind Smad binding elements to regulate gene expression or
form complexes with common Smad (Co-Smad). The TGFf
pathway can be attenuated by inhibitory Smads by recruit-
ing ubiquitin ligases to degrade R-Smads and TGFBRI or by
competing with R-Smads to bind TGFBRI.® Non-canonical
signaling pathways, such as phosphatidylinositol 3-kinase
(PI3K)-protein kinase B (AKT), p38 mitogen-activated pro-
tein kinase (MAPK), c-Jun N-terminal kinase (JNK), and
nuclear factor-kappa B (NF-kB) activated by TGFp, are corre-
lated with tumor progression.” Activin A, a TGF superfam-
ily ligand encoded by the inhibin subunit BA (INHBA) gene,
is best characterized for its critical role in the hypothalamus—
pituitary gland—gonad axis and regulating the development
of testes, teeth, and eyes under normal physiological circum-
stances.?? In the case of activin A, the signaling pathway is
triggered by active activin A binding to activin receptor types
IT and IIB (ActRII/IIB), which recruits ALK4 and activates
the Smad-dependent signaling cascade similar to the TGFf
pathway.!? In addition to its physiological functions, many
studies have found multiple roles of INHBA in various can-
cers, including HNSC. Indeed, Chang et al. reported that
downregulation of miR-376¢ and subsequent dysregulation
of the RUNX2 /INHBA axis promotes lymph node metastasis
in HNSC." Tsai ef al. indicated that activation of the epider-
mal growth factor receptor (EGFR) promoter by activin A
is essential for the carcinogenesis of oral cavity squamous
cell carcinoma (OSCC).12 Data mining has also revealed the
potential role of INHBA as a novel biomarker for HNSC.13
Although these findings strongly support the pivotal role of
INHBA in HNSC, the current knowledge about the mecha-
nism of INHBA regulation and its prognostic significance
compared to markers used in standard settings remains
limited.

Therefore, we used integrated bioinformatics analysis
and in vitro validation to determine the expression pattern
of INHBA and its therapeutic potential in HNSC. We also
sought to explore the biological functions of INHBA and the
potential mechanisms of INHBA dysregulation in HNSC.
Accumulating evidence suggests that miR-217-5p acts as a
tumor regulator, inhibits cancer proliferation and metasta-
sis, and promotes apoptosis by binding to target genes.!*
Therefore, we investigated the interaction between INHBA
and miR-217-5p and discovered a significantly correlated
expression pattern with a putative binding site.

Materials and methods
Data acquisition

Clinical data, messenger RNA (mRNA) sequencing data,
and micro RNA (miRNA) sequencing data of patients with
HNSC and normal controls were retrieved from The Cancer
Genome Atlas (TCGA)-HNSC data set. The primary sites
of HNSC were as follows: (1) base of tongue; (2) bones,
joints, and articular cartilage of other and unspecified sites;

(3) floor of mouth; (4) gum; (5) hypopharynx; (6) larynx;
(7) lip; (8) oropharynx; (9) other and ill-defined sites in the
lip, oral cavity, and pharynx; (10) other and unspecified
parts of the mouth; (11) other and unspecified parts of the
tongue; (12) palate; and (13) tonsil. The R package edgeR
was used to normalize the raw count data and identify dif-
ferentially expressed genes between HNSC tissues and nor-
mal controls. The statistical significance level was set at 0.05,
with [log,FC| >1. In addition, INHBA expression profiles
in several tumor tissues and paired normal tissues were
explored using gene expression profiling interactive analysis
(GEPIA),'® and the tumor types were as follows: adrenocorti-
cal carcinoma (ACC), bladder urothelial carcinoma (BLCA),
breast invasive carcinoma (BRCA), cervical squamous cell
carcinoma and endocervical adenocarcinoma (CESC), chol-
angio carcinoma (CHOL), colon adenocarcinoma (COAD),
lymphoid neoplasm diffuse large B-cell lymphoma (DLBC),
esophageal carcinoma (ESCA), glioblastoma multiforme
(GBM), HNSC, kidney chromophobe (KICH), kidney renal
clear cell carcinoma (KIRC), kidney renal papillary cell carci-
noma (KIRP), acute myeloid leukemia (LAML), brain lower
grade glioma (LGG), liver hepatocellular carcinoma (LIHC),
lung adenocarcinoma (LUAD), lung squamous cell carci-
noma (LUSC), mesothelioma (MESO), ovarian serous cys-
tadenocarcinoma (OV), pancreatic adenocarcinoma (PAAD),
pheochromocytoma and paraganglioma (PCPG), prostate
adenocarcinoma (PRAD), rectum adenocarcinoma (READ),
sarcoma (SARC), skin cutaneous melanoma (SKCM), stom-
ach adenocarcinoma (STAD), testicular germ cell tumors
(TGCT), thyroid carcinoma (THCA), thymoma (THYM),
Uterine corpus endometrial carcinoma (UCEC), uterine
carcinosarcoma (UCS), and uveal melanoma (UVM). While
INHBA copy number alterations (CNAs), DNA methylation,
and the relationship between TP53 mutations and INHBA
expression were explored using cBioPortal.!®

Prediction of INHBA regulatory miRNAs

MiRwalk and MicroT-CDS databases have been used to pre-
dict INHBA regulatory miRNAs.!718 The probable INHBA
regulatory miRNAs in HNSC were selected from a list of
common miRNAs that were both downregulated in HNSC
tissues compared to normal controls and predicted by two
databases.

Gene set enrichment analysis

Gene set enrichment analysis (GSEA) with normalized
enrichment score (NES) based on TCGA-HNSC data set was
used to investigate the biological properties of INHBA in
HNSC. The threshold was set at a false discovery rate (FDR)
g-value and a P value of less than 0.05.

Cell culture

HNSC cell lines Cal27, Hsc3, and Um1 were maintained in
Dulbecco’s modified Eagle medium (DMEM), while human
normal oral keratinocytes Hok were maintained in oral
keratinocyte medium (OKM). All cell lines were supple-
mented with 10% fetal bovine serum (FBS), 100 U/mL strep-
tomycin, and 100 U/mL penicillin. The cells were cultured at
37°C in a humidified incubator containing 5% CO,.



Total RNA extraction and qRT-PCR analysis

Total RNA was extracted from Hok, Cal27, Hsc3, and Um1
cells using the Cell Total RNA Isolation Kit (Foregene).
PrimeScript II First-Strand cDNA Synthesis Kit (Takara)
was used to synthesize cDNA from 1g of RNA. GAPDH
was used as an internal reference for INHBA, and the rela-
tive mRNA level of INHBA was measured using the One
Step TB Green PrimeScript PLUS RT-PCR Kit (Takara). The
2-2Ctmethod was used to calculate the relative repression of
INHBA." The following primers were used for quantitative
reverse transcription polymerase chain reaction (QRT-PCR):
INHBA, 5-GGCAAGTTGCTGGATTATAGTG-3' (forward)
and 5-CTGAGAGTTGGGTACATCCTTT-3' (reverse) and
GAPDH, 5-GGAGCGAGATCCCTCCAAAAT-3' (forward)
and 5-GGCTGTTGTCATACTTCTCATGG-3' (reverse).

Invasion and migration assays

Cells (5 X105 cells per well) were seeded in six-well plates.
When the cell density reached 90%, a scratch was created
with a 200-L tip perpendicular to the dorsal transverse line,
which was then washed three times with PBS and contin-
ued to culture. To determine cell migration, scratches were
observed and photographed at 0 and 24 h, and the procedure
was performed three times. A Transwell system was used
to detect tumor cell invasion capability. Briefly, cells were
seeded in the upper chamber using a gelled Matrigel matrix,
and DMEM containing 10% FBS was added to the bottom
chamber. After culture at 37°C and 5% CO, for 24 h, cells on
the bottom surface of the upper chamber were fixed with 4%
paraformaldehyde, stained with 0.1% crystal violet solution,
photographed under a microscope, and counted.

Statistical analysis

Student’s t-test was performed to compare INHBA expres-
sion across clinicopathological groups. The diagnostic sig-
nificance of INHBA in HNSC was determined using the
receiver operating characteristic (ROC) curve, and the area
under the curve (AUC) was calculated. Based on INHBA
expression levels, patients with HNSC were classified
into low- and high-expression groups, and the correlation
with clinicopathological characteristics was assessed using
Pearson’s chi-square test. Kaplan-Meier (K-M) analysis and
log-rank test were used to evaluate the overall survival (OS)
and disease-free survival (DFS) between the low and high
INHBA expression groups. To identify the independent pre-
dictors related to OS or DFS, the Cox proportional hazards
model was applied, and the hazard ratios (HRs) with 95%
confidence intervals (CIs) were calculated. Cox multivariate
analysis was used to construct nomograms for OS and DFS.
The model was derived using the following formula:

Probability of event at timet =S, (¢)>P P +F22-)

where B is the regression coefficient and x is the covariate
observed value; the baseline survival function, Sy(t), was
also calculated from the data. The variable axes of the
nomogram were constructed using regression coefficients,
and S, was employed in the translation from total points
to the predicted probability. The model was effectively
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measured using the concordance index (C-index). In addi-
tion, the correlation between the INHBA DNA methylation
level (or miRNA expression) and INHBA mRNA expression
was explored using linear regression analysis. A one-way
analysis of variance (ANOVA) was performed for multi-
ple group comparisons. Statistical analysis was performed
using R version 4.1.0, and a two-tailed P value <0.05, was
regarded as statistically significant. To control the FDR, the
Benjamini-Hochberg method was applied to the P value to
perform multiplicity correction.

Results

INHBA was overexpressed in HNSC compared to
normal controls

To explore the expression profile of INHBA, GEPIA was
used to review the expression pattern of INHBA at the
mRNA level in both tumor and normal tissues. The results
showed upregulation of INHBA in various cancers, includ-
ing BLCA, BRCA, COAD, ESCA, HNSC, PAAD, READ, and
STAD (Figure 1(A)). We further focused on the expression of
INHBA in HNSC. The expression of INHBA in HNSC tissues
(n=495) was significantly higher than that in the normal
controls (n=44) (Figure 1(B)), which was consistent with
the INHBA expression pattern in vitro (Figure 1(C)). In addi-
tion, an ROC curve was applied to confirm the diagnostic
significance of INHBA upregulation in HNSC, the results
of which showed a strong predictive ability (AUC=0.929,
p <0.0001) (Figure 1(D)).

INHBA overexpression was associated with tumor
progression in HNSC

After investigating the INHBA expression pattern and its
diagnostic value in HNSC, we sought to explore the clinical
implications of INHBA based on the low- and high-expres-
sion groups. As shown in Table 1, although there were no sig-
nificant differences in age (p >0.05), INHBA overexpression
was significantly associated with sex, tumor-node-metas-
tasis (TNM) stage, histologic grade, human papillomavirus
(HPV) status, OS, and DFS (p < 0.05). To increase the reliabil-
ity of the results, we further analyzed INHBA mRNA expres-
sion data as a continuous variable in different subgroups,
the results of which were consistent with previous findings
(Figure 2(A) to (F)). We next conducted migration (Figure
2(G)) and invasion (Figure 2(H)) assays to determine the
relationship between INHBA expression and HNSC meta-
static ability in vitro. We found that the number of invaded
and migrated cancer cells increased with INHBA expression
among Cal27, Hsc3, and Um1 cells, indicating a positive cor-
relation between INHBA and tumor metastasis, which might
further lead to poor outcomes in patients with HNSC.

INHBA overexpression independently predicted
poor OS and DFS in HNSC

We then assessed the prognostic value of INHBA in
HNSC using the K-M curves. Patients with HNSC with
high INHBA expression exhibited a lower OS (HR=1.697,
p<0.05) and DFS (HR=1.742, p <0.05) (Figure 3(A) and
(D)). Considering the patient heterogeneity between the
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Figure 1. INHBA is significantly overexpressed in HNSC, both in vitro and in vivo: (A) Expression of INHBA in various tumor types and paired normal tissues.
(B) Comparison of INHBA expression in HNSC (n=495) and normal controls (n=44). (C) Comparison of INHBA expression in HNSC cell lines (Cal27, Hsc3, and
Um1) and human normal oral keratinocytes (Hok). (D) Validation of the diagnostic value of INHBA overexpression in HNSC using ROC curve. (A color version of this

figure is available in the online journal.)
*p<0.05, **p<0.01, and ***p<0.001.

low- and high-expression groups, we further performed
subgroup analysis based on the TNM stage. INHBA over-
expression was consistently associated with unfavorable OS
(HR=1.953, p <0.05) and DFS (HR=1.872, p <0.05) in stages
MI-IV patients (Figure 3(C) and (F)), while there was no sig-
nificant difference in stages I-1II patients (p > 0.05), suggest-
ing that the INHBA expression level has a higher prognostic
value in advanced HNSC (Figure 3(B) and (E)). In addition,
Cox regression analysis was used to investigate the inde-
pendent predictors of OS in HNSC (Table 2). The univariate
model showed that age, sex, TNM stage, and INHBA expres-
sion level were significantly associated with OS in HNSC

(p<0.05). Furthermore, multivariate analysis indicated that
INHBA overexpression in HNSC was an independent pre-
dictor of poor OS (HR=1.140, p <0.05) after adjusting for
other prognostic predictors.

Validation of the prognostic value of INHBA using
a nomogram in HNSC

Next, we sought to validate the prognostic value of INHBA
in HNSC by constructing a nomogram based on age, TNM
stage, and INHBA mRINA expression, all of which were inde-
pendent predictors of OS in HNSC (Figure 4(A)). As shown in
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Table 1. Association between INHBA expression and the clinical parameters in HNSC patients.

Variables Total INHBA expression P value
High Low

Age (year)

<65 306 199 107

=65 188 122 66 0.975
Gender

Male 362 224 138

Female 132 97 35 0.0222
TNM stage

| 24 16 8

I 72 47 25

] 78 52 26

[\ 256 177 79

Unknown 64 29 35 0.0115
Histologic grade

G1-G2 355 246 109

G3-G4 120 66 54

Unknown 19 9 10 0.00464
HPV status

Negative 72 55 17

Positive 30 2 28 <0.001
Overall survival

Alive 281 162 119

Dead 213 159 54 <0.001
Disease-free survival

Alive 344 208 136

Dead 125 94 31

Unknown 25 1 6 0.00624

INHBA: inhibin subunit BA; TNM: tumor—node—metastasis; HPV: human papillomavirus.

Statistically significant P values are given in bold.

the calibration plot, a high agreement was found between the
actual observation and the nomogram prediction in terms of
the survival probability (1-, 3-, and 5-year OS) (Figure 4(B)).
The C-index of the nomogram for OS based on age, TNM
stage, and INHBA mRINA expression was 0.616, and the 95%
CI was 0.593-0.640, which was considerably higher than the
C-index of the TNM staging alone (C-index: 0.568, 95% CI:
0.549-0.588).

INHBA overexpression in HNSC was attributed to
DNA copy number gain and downregulation of
miR-217-5p

The potential mechanisms underlying INHBA overexpres-
sion in HNSC were evaluated in terms of genetic and epi-
genetic alterations. In the following study, 514 patients with
fullmRNA, CNA, and methylation data were chosen, among
which, 187 patients had different degrees of INHBA amplifica-
tion (183 copy number gain and four amplification) compared
to diploid, indicating the critical role of DNA amplification in
INHBA upregulation (Figure 5(A)). The relationship between
INHBA expression and DNA methylation was further evalu-
ated by linear regression analysis, which showed a negative
correlation (r=-0.51, p <0.0001) (Figure 5(B)).

To reveal the epigenetic alterations in INHBA upregu-
lation, we further identified the potential regulatory miR-
NAs of INHBA. The prediction cohort included miRNAs
predicted using both MiRwalk and MicroT-CDS databases.
Meanwhile, the miRNAs that were downregulated in HNSC

were included in the HNSC cohort. The miRNAs that were
common to the two cohorts were subsequently identified as
probable INHBA regulatory miRNAs in HNSC. Finally, we
identified 11 regulatory miRNAs, and selected miR-217-5p as
a candidate for further validation because of its well-known
role in cancer development (Figure 5(C)). We found that miR-
217-5p was significantly downregulated in HNSC (1=518)
compared to that in the normal controls (n=44) (p <0.0001)
(Figure 5(D)). Furthermore, a significant negative correla-
tion between the expression of INHBA and miR-217-5p was
found (r=-0.21, p<0.0001), which was consistent with the
regulatory relationship between miRNAs and their target
genes (Figure 5(E)). In addition, the putative binding site of
the INHBA 3'-untranslated region (UTR) by miR-217-5p was
predicted using ENCORI,? which further improved the reli-
ability of their interaction (Figure 5(F)). Taken together, our
findings revealed that elevated INHBA expression is corre-
lated with genetic and epigenetic alterations in HNSC.

GSEA and correlation between TP53 mutation and
INHBA expression in HNSC

GSEA was used to investigate the biological roles of INHBA
upregulation in HNSC, and showed that the following pro-
cesses were significantly enriched: focal adhesion, extracel-
lular matrix (ECM) receptor interaction, pathways in cancer,
regulation of actin cytoskeleton, TGFf signaling pathway,
and ubiquitin-mediated proteolysis (Figure 6(A) to (F)).
Considering the significance of TP53 mutations in cancer,
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Figure 2. Subgroup analysis of INHBA expression in HNSC: Comparison of INHBA expression according to (A) sex, (B) TNM stage, (C) histologic grade, (D) HPV
status, (E) OS, and (F) DFS. The relationship between INHBA expression and HNSC metastatic ability revealed by (G) migration and (H) invasion assays.
*p<0.05, **p<0.01, and ***p<0.001. Scale bars represent 500 um in (G) and 200 um in (H).

we further studied the association between INHBA upregu-
lation and TP53 mutations in HNSC. The heat map shows
that various genetic alterations in TP53 were accompanied
by INHBA overexpression (Figure 7(A)), and INHBA expres-
sion was significantly higher in the TP53 mutation group
(p<0.05) (Figure 7(B) and (C)). In addition, unfavorable
OS and DFS were also correlated with TP53 mutations in
patients with HNSC (p <0.05) (Figure 7(D) and (E)).

Discussion

HNSC is a worldwide health problem with an unfavora-
ble prognosis. Although a decline in the incidence of HNSC

is expected globally, in part because of the decreased
use of tobacco, it may not be evident until after 2060.2122
Accumulation of genetic aberrations affecting cellular pro-
cesses, such as DNA repair, inflammation, proliferation,
apoptosis, and angiogenesis, may contribute to HNSC for-
mation by improving susceptibility to tumor development.?®
As a result, it is critical to uncover genetic markers for the
early detection of HNSC as well as novel targets to develop
new therapeutic techniques. TGFp signaling maintains epi-
thelial homeostasis by regulating cell cycle progression, dif-
ferentiation, apoptosis, and adhesion; thus, defective TGF
signaling is extensively found in many malignancies, includ-
ing HNSC.2* Of the ligands in TGFp superfamily signaling,
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TGEFp and bone morphogenic proteins (BMPs) have been
extensively studied in terms of their functions in cancer,
particularly regarding epithelial-mesenchymal transition
(EMT), and tumor cell migration and invasion. However,

activin A signaling is less well understood, and few stud-
ies have investigated the role of INHBA in HNSC. Despite
the structural similarity between TGFp and activin A, TGFB
is released as a dormant precursor that must be activated,
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Table 2. Cox proportional hazards regression model analysis of OS.

Variables Univariate analysis Multivariate analysis
HR (95% ClI) P value HR (95% ClI) P value

Age (=65 vs <65) 1.39 (1.06, 1.83) 0.017 1.47 (1.11, 1.95) 0.007
Gender (Female vs male) 1.34 (1, 1.79) 0.048 1.27 (0.94, 1.71) 0.116
TNM stage (Il vs ) 1.9 (0.67, 5.43) 0.230 - -

TNM stage (Il vs I) 2.13 (0.75, 6.08) 0.158 - -

TNM stage (IV vs ) 3.32 (1.23, 8.99) 0.018 3.65 (1.35, 9.9) 0.011
Histologic grade (G3-G4 vs G1-G2) 0.96 (0.7, 1.31) 0.806 - -

HPV status (positive vs negative) 0.49 (0.17, 1.43) 0.193 - -
INHBA (high vs low) 1.12 (1.04, 1.21) 0.002 1.14 (1.06, 1.23) 0.001

HR: hazard ratio; Cl: confidence interval; INHBA: inhibin subunit BA; TNM: tumor—node—metastasis; HPV: human papillomavirus.

Statistically significant P values are given in bold.
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Figure 4. Validation of the INHBA prognostic value in HNSC based on
nomogram: (A) Prognostic nomogram for patients with HNSC, and (B) the
calibration curve of the nomogram for predicting OS.

whereas activin A is released as a fully functional protein,
which operates through different downstream transcrip-
tional targets, as well as overlapping Smad-dependent path-
ways, resulting in distinct functional consequences. In HNSC,
tumor-associated myofibroblasts (TAMs) secrete increased
levels of activin A, which are related to positive lymph node
status and unfavorable prognosis.?>? In addition, OSCC
cells overexpress activin A in an autocrine manner to regulate
invasiveness, proliferation, and apoptosis of tumor cells.?62°
Thus, activin A overexpression can be regarded as an inde-
pendent prognostic marker of survival.?6303! Considering
the importance of INHBA in regulating activin A signaling,

it has long been considered a potential therapeutic target for
HNSC, more than simply a basic marker of tumor progres-
sion. Nevertheless, the underlying mechanism of INHBA in
HNSC is yet to be fully elucidated.

In this study, we discovered that INHBA was significantly
elevated in patients with HNSC compared to normal controls,
and the ROC curves demonstrated high diagnostic value.
These findings suggest that INHBA could be a promising
biomarker for the pathological and molecular diagnosis of
HNSC. We also evaluated the clinical implications of INHBA
overexpression in HNSC. It was demonstrated that INHBA
upregulation was correlated with sex, TNM stage, histologic
grade, HPV status, OS, and DFS, suggesting that INHBA
plays a role in the tumorigenesis and progression of HNSC.
Meanwhile, K-M analysis demonstrated that patients with
HNSC with increased INHBA expression exhibited worse OS
and DFS. The in vitro experiment further showed that cancer
cell invasion and migration were positively correlated with
INHBA expression, indicating the important role of INHBA
in HNSC progression and poor outcome. Furthermore,
multivariate analysis also showed that INHBA upregula-
tion was an independent predictor of relatively poor OS and
DEFS in patients with HNSC. Considering the remarkable
heterogeneity of individual patients with HNSC, we sought
to compare the prognostic value of INHBA and the well-
established TNM staging system. Here, we constructed a
nomogram based on TNM stage and INHBA mRNA expres-
sion in patients with HNSC, which demonstrated that the
genomic—clinicopathologic nomogram could predict sur-
vival more precisely than the TNM staging system alone.
Taken together, these findings suggest that INHBA may be
a promising prognostic factor for HNSC, which may help to
improve clinical decisions.

In addition to exploring the prognostic value of INHBA
in HNSC, we further attempted to explain the underlying
mechanisms of INHBA overexpression in HNSC from two
aspects: genetic and epigenetic alterations. We observed
that 36.4% (187/514) of patients with HNSC showed low- or
high-level INHBA DNA amplification, which was signifi-
cantly associated with INHBA overexpression. Furthermore,
considering the contribution of DNA hypomethylation to
chromosomal instability and gene dysregulation in a variety
of malignancies,® the promoter methylation level of INHBA
was also investigated. Consistent with our expectation, there
was a strong association between INHBA overexpression
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*p<0.05, **p <0.01, and ***p < 0.001.
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and DNA hypomethylation in HNSC, suggesting that post-  other than DNA hypomethylation, miRNA-regulated mRNA
translational modification may play a role in the alteration of =~ degradation also has an influence on gene dysregulation.*
INHBA expression. As another type of epigenetic alteration = By screening the potential regulatory miRNAs of INHBA,
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miR-217-5p was found to be significantly downregulated in
HNSC compared to normal controls, and its expression was
negatively correlated with INHBA expression. Furthermore,
the potential binding location of the INHBA 3'-UTR to miR-
217-5p supported the hypothesis that miR-217-5p is an
upstream regulator of INHBA in HNSC. In summary, the
data above imply that INHBA overexpression in HNSC may
be explained in part by DNA copy number gain, INHBA pro-
moter hypomethylation, and downregulation of miR-217-5p.

Previous studies have not thoroughly investigated the
biological roles of INHBA overexpression in HNSC. It has
been demonstrated that high INHBA expression in HNSC is
related to focal adhesion, ECM receptor interaction, pathways
in cancer, regulation of actin cytoskeleton, TGFf signaling

*p<0.05, ** p<0.01, and ***p < 0.001.

pathway, and ubiquitin-mediated proteolysis, all of which
have been demonstrated to play a role in tumorigenesis and
progression.?#3 Intriguingly, TGFf has been found to have
different, even opposite effects on tumor cells under different
conditions. In the early stage of tumorigenesis, TGFp pre-
dominantly functions as a tumor suppressor by promoting
the expression of cyclin-dependent kinase inhibitors (p15,
p21, p57, and 4E-BP1) to induce cell cycle arrest.®>* However,
cancer cells gradually adapt to the suppressive functions of
TGEFB. In the malignant stage, TGFB can produce ECM to
create a beneficial tumor microenvironment (TME) in a parac-
rine manner.?” In addition, tumor cells utilize TGF to obtain
a growth advantage and promote EMT, which causes epi-
thelial tumor cells to lose their ability to adhere, while also
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facilitating their migration and invasion by inhibiting the
expression of occludin, E-cadherin, and ZO-1.38% The dual
roles of TGFp in cancer progression may partly explain why
INHBA upregulation is only significantly associated with
poor OS and DFS in advanced HNSC (Figure (C) and (F)). In
addition, the TGF-P pathway is tightly regulated. E3 ubiqui-
tin ligases, including NEDD4-2, WWP1, and SMURF1/2, can
be recruited by SMAD? to degrade TGFBRI in an ubiquitina-
tion-mediated proteasomal and/or lysosomal manner.40-
Ubiquitin-specific proteases (USPs) are cysteine-dependent
proteases, which constitute the largest subfamily of deubig-
uitinating enzymes and can reverse the ubiquitination of
TGFBRI#34 Given the significant roles of the TGFp super-
family in regulating numerous tumor cell functions, TGF-
neutralizing antibodies and ligand traps that impede TGF
binding to its receptors, as well as selective small-molecule
TGF receptor kinase inhibitors, have demonstrated promising
therapeutic potential in antitumor treatments.*>4¢ However,
considering the highly pleiotropic functions of TGEB, sys-
temic inhibition of TGF can also affect normal cells other
than the tumor itself, leading to safety concerns and adverse
effects. Therefore, INHBA may be a potential biomarker for
selecting patients who will benefit most from anti-TGFp treat-
ments. To further consolidate the diagnostic value of INHBA,
we sought to explore the correlation between INHBA overex-
pression and TP53 mutations in HNSC. Genome instability
is the underlying mechanism of various cancer hallmarks,
including unstrained replicative immortality, resistance to
apoptosis, and uncontrolled cell proliferation.*” P53 protein,
encoded by the TP53 gene, has been extensively researched
as a key tumor suppressor in most cancer types. Focusing
specifically on HNSC, large-scale whole-genome sequencing
studies have also confirmed frequent disruptive mutations of
TP53, which have been associated with poor prognosis and
resistance to therapy.*#4 We found that 71.8% (356/496) of
patients in TCGA-HNSC data set had TP53 mutations, which
were associated with considerably higher INHBA expression
levels and poor OS and DFS in HNSC.

In conclusion, INHBA expression was considerably higher
in HNSC tissues than in normal controls, which could be
attributed to INHBA DNA copy number gain and down-
regulation of miR-217-5p in HNSC. In addition, INHBA
overexpression was associated with tumor progression and
independently predicted poor OS and DFS in patients with
HNSC, which was verified in vitro by migration and invasion
assays. Furthermore, INHBA upregulation was significantly
associated with focal adhesion, ECM receptor interaction,
pathways in cancer, regulation of actin cytoskeleton, TGFf
signaling pathway, and ubiquitin-mediated proteolysis. We
conclude that using INHBA as a predictive biomarker to
select patients with HNSC who will benefit the most from
anti-TGFp therapy may be a potential treatment for HNSC.
Further research is needed to determine the precise mecha-
nism of INHBA in HNSC through validation in clinical sam-
ples and in vivo experiments.
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