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Abstract: Up-regulated expression of INHBA has been reported in multiple malignant tumors. However, in naso-
pharyngeal carcinoma (NPC), the expression pattern and clinical significance of INHBA are still unclear. This study
aimed to detect the expression of INHBA and its prognostic significance in NPC, then explore the tumor-associated
functions of INHBA gene and the potential mechanism. The INHBA expression of mRNA levels in tumor tissues and
noncancerous nasopharyngeal tissues was investigated by RT-qPCR. The protein expression in cells were detected
by western blot. Cell proliferation was detected by CCK assay and cell invasion ability was evaluated by Transwell
assay. The expression of INHBA in paraffin-embedded NPC tissues was detected by immunohistochemistry (IHC).
Statistical analyses were further applied to assess the clinical significance of INHBA expression. The result reveals
INHBA mRNA level is elevated in NPC tissues compared to those in noncancerous nasopharyngeal epithelial tis-
sues. In paraffin-embedded NPC tissues, immunoreactivity of INHBA was primarily detected in 53.70% (58/108) of
these patients. The overexpression was notably associated with the clinical stage (UICC) (P=0.048), N classification
(P=0.042), carotid sheath involvement (P=0.016), and decreased disease-free survival (DFS) (P=0.004) and overall
survival (0OS) (P=0.010). Multivariate analysis revealed that INHBA expression was an independent prognostic factor
for DFS (P=0.028). CCK assay showed SUNE1 cells’ proliferation was decreased in INHBA knockdown group than
control. Transwell assay showed the invasion of SUNE1 cells was decreased in INHBA knockdown group by com-
parison with control. Further study showed knockdown of INHBA expression in SUNE1 cells could block the TGF-B
signaling pathway. In conclusion, INHBA is up-regulated in NPC, and is significantly correlated with clinical stage
(UICC), N stage, carotid sheath involvement, and survival. Knockdown INHBA in SUNE1 cells could inhibit the cells’
proliferation and invasion. The underlying mechanism may be blockade of the TGF-B signaling pathway.

Keywords: INHBA, NPC, prognosis, proliferation, invasion

Introduction other head-neck malignancies, NPC is highly

aggressive and affected patients are predis-

Nasopharyngeal carcinoma (NPC) is a highly
invasive endemic malignancy originating from
the surface epithelium of posterior nasophar-
ynx in Southeastern Asia, North Africa, the
Arctic region, and South China, especially Gu-
angdong province [1, 2]. NPC is noted for high
mortality and morbidity. Most patients exhibit
local or distant metastases at the time of diag-
nosis [2, 3]. The etiology of NPC remains ambig-
uous. Epidemiologic studies reveal that both
hereditary factors and environmental aspects
play a role in its pathogenesis [4]. Racial back-
ground, infection of Epstein-Barr-Virus (EBV),
and environmental carcinogens contribute to
its occurrence and development [5, 6]. Unlike

posed to distant metastases [7]. In patients
with localized disease, the survival rate is rela-
tively satisfactory, ranging from 80% to 90%,
but in those with metastatic or relapsing dis-
ease, it is usually less than 20% [8].

In accordance with the widespread use of in-
tensity-modulated radiation therapy (IMRT) and
potent chemotherapy, the local control and
overall survival rate of patients with NPC have
been considerably improved [9, 10]. However,
despite the best available treatment strategies,
local recurrence and distant metastasis remain
the main reasons for treatment failure, approxi-
mately 5~15% and 15~30%, respectively [11].
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Therefore, a novel applicable marker of NPC is
in urgent need for early diagnosis and tar-
geted therapeutic strategies.

INHBA is located at 7p14.1, encoding Inhibin
BA which is a member of the transforming
growth factor B (TGF-B) superfamily [12]. It
could form both activin A by homo-dimerizing
and inhibin by hetero-dimerizing with inhibin
BB. Activin and inhibin were observed to par-
ticipate in multiple biologic activities including
proliferation, differentiation, metabolism, ho-
meostasis, apoptosis and tumor development
[13] through autocrine, endocrine or paracrine
mechanisms [14]. In the recent years, the up-
regulated expression of INHBA has been re-
ported in multiple malignant tumors, including
lung carcinoma [15], gastric carcinoma [16],
colorectal carcinoma [17], and bladder carci-
noma [18]. Our previous study examined the
expression level of INHBA in breast cancer,
and revealed its clinical and prognostic signi-
ficance [19]. However, its clinically significant
and prognostic effects in NPC have not been
systemically evaluated. In the current study, we
attempted to determine the expression level
of INHBA, evaluate its prognostic value for
NPC, and explore the tumor-associated func-
tions and the potential mechanism of the
INHBA gene in an NPC cell line.

Materials and methods
Patients and specimens

A total of 108 patients with primary NPC from
April 2010 to December 2017 in the First
Affiliated Hospital of Guangzhou Medical Uni-
versity, Guangzhou, China were enrolled in this
study. In these cases male were 78 (72.2%)
and female were 30 (27.8%), with median age
of 48 years (range, 16~80 years). All tumors
were pathologically confirmed nasopharyngeal
epithelium origination. Patients were restaged
basing on the 8th edition of the International
Union Against Cancer (UICC) TNM staging sys-
tem. There were 3, 23, 47, 25 and 4 patients
respectively belonging to stage |, II, Ill, IV, and V
category. Histological subtypes of NPC were
determined according to the WHO tumor clas-
sification rules. type I: keratinizing squamous-
cell carcinoma, type II: differentiated non-kera-
tinous carcinoma, type |lll: undifferentiated
non-keratinous carcinoma. All of these patients
have received curative standardized radiother-
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apy, 34 of them were also treated with chemo-
therapy. The clinicopathologic characteristics
of these patients are summarized in Table 1.

Follow-up time was calculated from the date
of diagnosis to the date of death or relapse or
the lasted census date. Overall survival (0S)
was defined as the time from first diagnosis
to the last follow-up or to the date of death for
any reason. Disease-free survival (DFS) was
defined as the time from first diagnosis to the
date of death, or disease progression at lo-
coregional and/or distant sites, or to the last
follow-up. The follow-up time of the NPC cohort
ranged from 3 to 89 months (median 46
months). In order to investigate the different
RNA expression level of INHBA in tumor and
noncancerous tissues, we also collected 40
cancerous samples and 16 noncancerous
nasopharyngeal samples. These tissue sam-
ples were immediately immersed into RNAlater
(Sigma-Aldrich R0O901, St. Louis., MO, USA)
and then stored at 4°C overnight, followed by
preservation at -80°C.

Patient consents for-research use of these
clinical materials were gained prior. All the pro-
tocol of this study was approved by the In-
stitutional Research Ethics Committee of the
First Affiliated Hospital of Guangzhou Medical
University.

Cell culture

SUNE1 nasopharyngeal carcinoma cells (Cell
bank of the Chinese Academy of Sciences,
Shanghai) were cultured in RPMI-1640 me-
dium (Invitrogen, Carlsbad, CA) supplemented
with 10% fetal bovine serum (FBS; Gibco, USA),
penicillin (100 units/ml), and streptomycin (100
units/ml) maintained at 37°C and 5% CO,
incubator.

Reverse transcription-quantitative polymerase
chain reaction (RT-PCR) analysis

Total RNA samples were extracted from can-
cerous tissues and noncancerous nasopharyn-
geal tissues using Trizol reagent (Invitrogen,
CA, USA) following the manufacturer’s instruc-
tions. The RNA samples were pretreated by
RNase-free DNase. 2 ug of RNA was used for
cDNA synthesis. For the amplification of INHBA
cDNA, an initial amplification using INHBA-
specific primers was performed with a denatur-
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Table 1. Correlation of INHBA expression with clinicopathologic features

INHBA expression

Characteristic Total (n=108) Low (n=50) High (n=58) P value
Age (years) 0.805
<46 44 (40.7%) 21 (47.7%) 23 (52.3%)
>46 64 (59.3%) 29 (45.3%) 35 (54.7%)
Gender 0.213
Male 78 (72.2%) 39 (50.0%) 39 (50.0%)
Female 30 (27.8%) 11 (36.7%) 19 (63.3%)
Histology 0.994
WHO | 0 (0.0%) 0 (0.0%) 0 (0.0%)
WHO I 41 (38.0%) 19 (46.3%) 22 (53.7%)
WHO IlI 67 (62.0%) 31 (46.3%) 35 (53.7%)
Clinical stage (UICC) 0.048"
I 4 (3.7%) 3 (75.0%) 1 (25.0%)
I 26 (24.1%) 17 (65.4%) 9 (34.6%)
I 49 (45.4%) 20 (40.8%) 29 (59.2%)
v 25 (23.1%) 10 (40.0%) 15 (60.0%)
\% 4 (3.7%) 0 (0.0%) 4 (100.0%)
T classification 0.596
T1 13 (12.0%) 8 (61.5%) 5 (38.5%)
T2 42 (38.9%) 20 (47.6%) 22 (52.4%)
T3 33 (30.6%) 13 (39.4%) 20 (60.6%)
T4 20 (18.5%) 9 (45.0%) 11 (55.0%)
N classification 0.042*
NO 31 (28.7%) 20 (64.5%) 11 (35.5%)
N1 27 (25.0%) 13 (48.1%) 14 (51.9%)
N2 40 (37.0%) 15 (37.5%) 25 (62.5%)
N3 10 (9.3%) 2 (20.0%) 8 (80.0%)
Carotid sheath involvement 0.016"
No 18 (16.7%) 13 (72.2%) 5 (27.8%)
Yes 90 (83.3%) 37 (41.1%) 53 (58.9%)
Nasal cavity involvement 0.153
No 77 (71.3%) 39 (50.6%) 38 (49.4%)
Yes 31 (28.7%) 11 (35.5%) 20 (64.5%)
Maxillary sinus involvement 0.570
No 86 (79.6%) 41 (47.7%) 45 (52.3%)
Yes 22 (20.4%) 9 (40.9%) 13 (59.1%)
Neck lymph node level involvement 0.059
No 31 (28.7%) 20 (64.5%) 11 (35.5%)
Level Il 67 (62.0%) 28 (41.8%) 39 (58.2%)
Level IV-V 10 (9.3%) 2 (20.0%) 8 (80.0%)
Maximum neck lymph node diameter 0.054
<20 mm 54 (50.0%) 30 (55.6%) 24 (44.4%)
>20 mm 54 (50.0%) 20 (37.0%) 34 (63.0%)

WHO, World Health Organization. "P<0.05.

ation at 95°C for 10 min, followed by 40 dena-
turation cycles at 95°C for 20 s, then primer
annealing at 58°C for 20 s, and then primer
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extension phase at 72°C for 20 s. The comple-
tion of these cycling steps was a final extension
at 72°C for 5 min and the reaction mixture was
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Figure 1. The mRNA expression of INHBA in non-
cancerous nasopharynx tissues and NPC tissues.
Expression levels of INHBA in 40 NPC tissues and 16
noncancerous nasopharynx tissues were detected by
real-time PCR.

stored at 4°C. Then RT-PCR was performed to
confirm the fold increase of mRNA in each of
the cancerous tissue samples and noncancer-
ous nasopharyngeal tissue samples. The fol-
lowing primers were used: INHBA, 5-CCTCG-
GAGATCATCACGTTT-3’ (forward) and 5-CCCTT-
TAAGCCCACTTCCTC-3’ (reverse). GAPDH 5'-TG-
TTGCCATCAATGACCCC-3’ (forward), 5-CTCCA-
CGACGTACTCAGC-3’ (reverse) as an internal
control. The above-mentioned primers were
designed by Primer Express v 2.0 software
(Applied Biosystems). In order to ensure the
results were reproducible, all experiments
were performed in triplicate.

Immunohistochemical (IHC) analysis

We used the methodology previously descri-
bed by our breast cancer team [19]. The NPC
samples were fixed with formalin and then
embedded into paraffin with a tissue proces-
sor. Standard IHC analysis was performed
using the primary antibody anti-INHBA rabbit
polyclonal antibody (ab56057, Abcam) at a di-
lution of 1:100. The interpretation of immu-
nopositivity was performed by two pathologists
blinded to the clinical data. Results were as-
sessed by initially scanning each slide under
low-power field (x100) to identify regions of
positive immunoreactivity, and then further
evaluated at high-power (x400). The intensity
of INHBA staining was classified into no stain-
ing (0,); weak staining (1, light yellow); mo-
derate staining (2, yellow brown); and strong
staining (3, brown). The percentage of immuno-
reactivity was classified as 0: no positive sta-
ining cells; 1, 1-25% positive staining cells; 2,
26-50% positive staining cells; 3, 51-75% posi-
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tive staining cells; 4, >75% positive staining
cells. The immunoreactivity score was calcu-
lated as the product of the intensity score
and proportion of positive staining cells. The
immunoreactivity level of INHBA was defined
as: “7 (0), “+” (1-4), “++” (5-8), “+++” (9-12). The
cut-off values were determined on the basis
of the heterogeneity using log-rank test with
respect to OS. In our study, the optimal cut-off
value was determined as: a immunoreactivity
index score of >6 indicated high expression
and <6 indicated low expression. Doubtful
cases were discussed by the pathologists until
consensus was achieved.

Western blot analysis

Western blot was performed as previous de-
scribed [20]. The blots were probed with rab-
bit anti-INHBA antibody (1:1000, ab56057,
Abcam), anti-TGF beta 1 antibody (1:1000,
ab92486, Abcam), anti p-Smad2 antibody
(1:1000, ab53100, Abcam), anti p-Smad3 an-
tibody (1:1000, ab52903, Abcam). Mouse an-
ti-GAPDH antibody (1:5000, HC301, Transgen
Biotech, Beijing, China) was used as loading
control.

Short hairpin RNA (shRNA) constructs and
retroviral infection

Stable knockdown of endogenous INHBA was
performed using retrovirus constructs targeting
INHBA with the targeting sequences: shRNAZL,
5-GCTTCTGAACGCGATCAGAAA-3; shRNA2, 5-
AGGCACTTTCCTACCCAATTA-3. The synthetic oli-
gos were cloned into the pSuper-retro-puro
vector after annealing. Production of retrovirus
was performed according to the instructions
in 293T cells. SUNE1 cells were subjected to
infection of retrovirus expressing INHBA-sh-
RNA1 and INHBA-shRNA2. An empty pSuper-
retro-puro plasmid was used as a control.

Cell proliferation assay

SUNE1 INHBA-shRNA1 cells, SUNE1 INHBA-
shRNA2 cells and SUNE1 control cells were
planted in a 96-well plate at a density of 1000
cells/well and maintained at 37°C in 5% CO,
incubator for 1 day, 2 days, 3 days, 4 and 5
days. 10 pl of the Cell Counting Kit-8 (CCKS8,
Dojindo Molecular Technologies, Inc, Japan)
was added and the 96-well plate was incubat-
ed for 1 h at 37°C in incubator, then the absor-
bance at 450 nm was measured on a micro-
plate reader.

Int J Clin Exp Pathol 2020;13(5):854-868



INHBA is up-regulated in nasopharyngeal carcinoma

Figure 2. Representative IHC staining of INHBA in NPC tissue samples. INH-
BA expression was mainly localized in the cytoplasm. Magnification is 400x%.
A. Negative staining of INHBA. B. “+” (weakly positive) expression of INHBA.
C. “++” (positive) expression of INHBA. D. “+++” (strongly positive) expres-
sion of INHBA.

Boyden chamber assay

This assay measures SUNE1 cells’ invasion
ability by a Matrigel matrix overlying a mem-
brane containing 8-um pores. 10000 cells we-
re seeded in medium without FBS in the top
chamber. Medium with FBS was added in the
bottom chamber. The chambers were fixed by
methyl alcohol after 24 hrs culture. 1% crystal
violet was used to stain the chambers. Cell
number was counted by ten random fields.
Three independent experiments were perfor-
med.

Statistical analysis

Chi-square test was used to explore the differ-
ence of INHBA expression between NPC tis-
sues and noncancerous nasopharyngeal epi-
thelial samples. Kaplan-Meier method was us-
ed to plot survival curves, and the significance
of differences were analyzed by the log-rank
test [21]. Chi-square test and Fisher's exact
test was used to assess the relationship bet-
ween INHBA and other clinical data. The Cox
proportional hazards regression model was
performed to analyze the potential prognostic
factors on DFS and OS. Variables that achiev-
ed significance in univariate analysis were esti-
mated in the following multivariable analysis.

858

Enter method was chosen for
univariate analysis and for-
ward method was used for
multivariate analysis. Statisti-
cal analysis was conducted
using SPSS version 20.0 soft-
ware packages (IBM Corp, Ar-
monk, NY, USA). A p-value of
less than 0.05 in a two-tail-
ed test was considered signi-
ficant.

Results

INHBA mRNA is overex-
pressed in NPC tissues

To measure whether INHBA
expression are different in
cancerous tissues and non-
cancerous tissues, RT-PCR
was performed on 40 NPC
cancerous samples and 16
noncancerous tissue sampl-
es. The mean INHBA mRNA
expression level in NPC cancerous tissues was
higher than those in noncancerous tissues
(Figure 1).

INHBA overexpression is associated with NPC
clinical features

For better understanding of the potential roles
of INHBA in the development and progression
of NPC, we explored the correlation of INHBA
and other clinical features in 108 NPC tissue
samples. In this cohort, 37 patients encoun-
tered disease failure. 30 patients died during
the follow-up, all of them due to disease pro-
gression. The clinical characteristics of these
patients with NPC are listed in Table 1. Among
these patients, excessive expression of INH-
BA was observed in 58 patients (53.70%, Table
1). In the remaining 50 samples, weak or no
immunoreactivity was detected (46.3%, Table
1). The primarily subcellular localization of
INHBA was in cytoplasm (Figure 2). To further
explore the clinical significance of INHBA in
NPC, associations between INHBA expression
and other clinical characteristics of patients
were analyzed. INHBA was notably associated
with the clinical stage (UICC) (P=0.048), N
stage (P=0.042), and carotid sheath involve-
ment (P=0.016). However, patient age, gender,
histology, T classification, nasal cavity involve-

Int J Clin Exp Pathol 2020;13(5):854-868
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Figure 3. Kaplan-Meier survival curves by univariate analysis (log-rank test). A. DFS rate for NPC patients with high
INHBA expression compared to those with low INHBA expression. B. OS rate for NPC patients with high INHBA ex-

pression compared to those with low INHBA expression.

ment, maxillary sinus involvement, neck lym-
ph node level involvement, or maximum neck
lymph node diameter showed no statistically
significant correlation with INHBA as is sum-
marized in Table 1.

Association between INHBA and patient prog-
nosis

The prognostic value of INHBA was evaluated
through the estimation of DFS and OS using
Kaplan-Meier survival analysis and log-rank
test. In survival analysis, the patients with
strong INHBA expression had worse DFS
(P=0.004, Figure 3A) and OS (P=0.010, Figure
3B) compared to those with moderate or nega-
tive INHBA expression. In addition, univariate
Cox proportional hazard regression analysis
indicated that clinical stage (UICC) (P=0.003),
N classification (P=0.004), neck lymph node
level involvement (P=0.010), and INHBA expres-
sion (P=0.013) were significantly associated
with overall survival (Table 2). As for DFS, clini-
cal stage (UICC) (P=0.011), N classification
(P=0.005), neck lymph node level involve-
ment (P=0.006), and INHBA (P=0.006) were
significantly correlated with survival (Table 3).
After multivariate adjustment for these above
significant clinicopathologic indexes, only clini-
cal stage (UICC) (P=0.025) was an indepen-
dent prognostic factors for OS (Table 2), while
clinical stage (UICC) (P=0.040) and INHBA
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(P=0.028) were independent prognostic fac-
tors for DFS (Table 3).

We further analyzed the prognostic significan-
ce of INHBA in specific patient subgroups stra-
tified by clinical stage (UICC), T stage, and N
stage. The expression of INHBA was closely
correlated to DFS (Figure 4C, log-rank test,
P=0.013) and OS (Figure 4D, log-rank test,
P=0.040) in patients with advanced stage tu-
mor, but not in patients withearly stage tu-
mor (Figure 4A, 4B, log-rank test, P=0.451,
P=0.761). INHBA expression was strongly as-
sociated with DFS (Figure 4E, log-rank test,
P=0.008) and OS (Figure 4F, log-rank test,
P=0.002) in patients with T12 tumor, but not
in patients with T3-4 tumor (Figure 4G, 4H, log-
rank test, P=0.157, P=0.555). As for N stage
subgroup, the expression of INHBA was asso-
ciated only with DFS (Figure 4l, log-rank test,
P=0.049) but not OS (Figure 4J, log-rank test,
P=0.161) in the patients with NO tumor. For
patients with N1-3 tumor, the expression of
INHBA had a relationship with neither DFS (Fi-
gure 4K, log-rank test, P=0.06) or OS (Figure
4L, log-rank test, P=0.102).

INHBA knockdown inhibits invasion and prolif-
eration of SUNE1 cells in vitro

To further explore the tumor-associated func-
tions of INHBA, we first established the stable

Int J Clin Exp Pathol 2020;13(5):854-868
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Table 2. Cox-regression analysis of factors associated with overall survival

Univariate Multivariate
Factor
HR (95% Cl) P value HR (95% Cl) P value

Age

<46 Reference

>46 1.102 (0.535-2.268) 0.793 - -
Gender

Male Reference

Female 1.194 (0.512-2.784) 0.682 - -
Histology

WHO |

WHO I Reference - -

WHO Il 0.700 (0.340-1.442) 0.334 - -
Clinical stage (UICC)

I Reference 0.003 Reference 0.025

Il 0.000 (0.000-) 0.977 0.000 (0.000-) 0.981

1l 0.131 (0.024-0.720) 0.619 0.213 (0.027-1.674) 0.141

% 0.179 (0.039-0.820) 0.027 0.241 (0.043-1.345) 0.105

\ 0.656 (0.149-2.896) 0.578 1.046 (0.221-4.984) 0.955
T classification

T1 Reference 0.124

T2 0.856 (0.287-2.558) 0.781 - -

T3 0.447 (0.181-1.101) 0.080 - -

T4 0.340 (0.121-0.957) 0.041 - -
N classification

NO Reference 0.004

N1 0.096 (0.025-0.373) 0.001 - -

N2 0.303 (0.109-0.838) 0.021 - -

N3 0.286 (0.112-0.729) 0.009 - -
Carotid sheath involvement

No Reference

Yes 0.744 (0.259-2.132) 0.582 - R
Nasal cavity involvement

No Reference

Yes 0.765 (0.358-1.636) 0.490 - -
Maxillary sinus involvement

No Reference

Yes 0.595 (0.273-1.301) 0.193 - -
Neck lymph node level involvement

No Reference 0.010

Level | 0.096 (0.025-0.373) 0.001 - -

Level Il 0.266 (0.033-2.168) 0.216 - -

Level Il 0.307 (0.107-0.880) 0.028 - -

Level IV 0.286 (0.112-0.731) 0.009 - -
Maximum neck lymph node diameter

<20 mm Reference

>20 mm 0.479 (0.224-1.024) 0.058 - -
INHBA expression

Low Reference

High 2.687 (1.227-5.883) 0.013 - -
860 Int J Clin Exp Pathol 2020;13(5):854-868
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Table 3. Cox-regression analysis of factors associated with disease-free survival

Univariate Multivariate
Factor
HR (95% Cl) P value HR (95% Cl) P value

Age

<46 Reference

>46 1.108 (0.578-2.124) 0.757 - -
Gender

Male Reference

Female 1.152 (0.543-2.441) 0.713 - -
Histology

WHO |

WHO I Reference - -

WHO Il 1.303 (0.676-2.513) 0.429 - -
Clinical stage (UICC)

I Reference 0.011 Reference 0.040

Il 0.000 (0.000-) 0.973 0.000 (0.000-) 0.974

1 0.117 (0.027-0.498) 0.004 0.183 (0.041-0.810) 0.025

% 0.203 (0.058-0.715) 0.013 0.274 (0.077-0.977) 0.046

\% 0.457 (0.130-1.607) 0.222 0.624 (0.174-2.232) 0.468
T classification

T1 Reference 0.472

T2 0.906 (0.303-2.703) 0.589 - .

T3 0.511 (0.211-1.234) 0.136 - -

T4 0.729 (0.307-1.731) 0.474 - -
N classification

NO Reference 0.005

N1 0.163 (0.056-0.473) 0.001 - -

N2 0.293 (0.112-0.761) 0.012 - -

N3 0.303 (0.126-0.727) 0.007 - -
Carotid sheath involvement

No Reference

Yes 0.564 (0.200-1.592) 0.280 - R
Nasal cavity involvement

No Reference

Yes 0.521 (0.270-1.005) 0.052 - -
Maxillary sinus involvement

No Reference

Yes 0.679 (0.328-1.403) 0.296 - -
Neck lymph node level involvement

No Reference 0.006

Level | 0.163 (0.056-0.471) 0.001 - -

Level Il 0.205 (0.026-1.647) 0.136 - -

Level Il 0.441 (0.173-1.122) 0.086 - -

Level IV 0.242 (0.098-0.595) 0.002 - -
Maximum neck lymph node diameter

<20 mm Reference

>20 mm 0.556 (0.286-1.080) 0.083 - -
INHBA expression

Low Reference Reference

High 2.710 (1.337-5.494) 0.006 0.442 (0.214-0.914) 0.028
861 Int J Clin Exp Pathol 2020;13(5):854-868
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Figure 4. Kaplan-Meier survival curves by univariate analysis (log-rank test) in specific patient subgroups stratified
by clinical stage (UICC), T stage, and N stage. A, B. DFS and OS rate for NPC patients of early stage tumor with
high INHBA expression compared to those with low INHBA expression. C, D. DFS and OS rate for NPC patients of
advanced stage tumor with high INHBA expression compared to those with low INHBA expression. E, F. DFS and OS
rate for NPC patients of T1-2 tumor with high INHBA expression compared to those with low INHBA expression. G,
H. DFS and OS rate for NPC patients of T3-4 tumor with high INHBA expression compared to those with low INHBA
expression. |, J. DFS and OS rate for NPC patients of NO tumor with high INHBA expression compared to those with
low INHBA expression. K, L. DFS and OS rate for NPC patients of N1-3 tumor with high INHBA expression compared
to those with low INHBA expression.
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Figure 5. Knockdown INHBA in SUNE1 cells inhibit cell proliferation and invasion in vitro. A. Representative images
of cell invasion evaluated by Transwell assay (200x). B. Quantification of the cell number invaded through the mem-
brane. C. CCK assay was performed to determine the cell proliferation under each treatment. Decreased prolifera-
tion of SUNE1 cells was detected after INHBA knockdown. "P<0.05 versus the control group.

INHBA silencing SUNEL cell lines in view of
INHBA overexpression in NPC. After the SUNE1
cells were infected with INHBA-shRNA1, INHBA-
shRNA2 retrovirus, western blot analysis was
performed to confirm the effect of INHBA silen-
cing. The result showed that the INHBA expr-
ession level was decreased after INHBA silenc-
ing (Figure 6A). SUNE1 INHBA knockdown cells
and control cells underwent a Transwell assay
to evaluate the invasion ability. The results
showed the invasive cell number was decreas-
ed in INHBA-shRNA cell group by comparison
to the control group (Figure 5A, 5B), indicating
that INHBA silencing could decrease invasive
ability of SUNE1 cells. CCK analysis was per-
formed to detect the cell proliferation effect of
INHBA-shRNA in SUNE1 cells. The result
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showed a significant decrease in proliferation
rate was observed in INHBA silencing cells
compared to the control cells (Figure 5C), indi-
cating that INHBA silencing could inhibit SUNE1
cell proliferation.

INHBA silencing contributes to block the TGF-3
signaling pathway in SUNE1 cells

Recently a paper reported that INHBA gene
could regulate the TGF-B signaling pathway
[22]. We questioned whether INHBA silencing
could inhibit the TGF-B signaling pathway in
SUNE1 cells. Three core proteins in TGF-3 sig-
naling pathway were selected to evaluate by
western blot. The result is in Figure 6. After
knockdown of the expression of INHBA in SU-
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Figure 6. INHBA knockdown blocked the TGF-B signaling pathway in SUNE1
cells. A. Protein levels of TGF-B1, p-Smad2, p-Smad3 were assessed by west-
ern blot in SUNE1 INHBA-shRNA cells and control cells. B. Gray value of pro-

tein bands of A.

NE1 cells, the TGF-B1, p-Smad2 and p-Smad3
expression were downregulated subsequently.
Thus, INHBA may regulate the TGF-$ signaling
pathway in SUNE1 cells and this may be the
mechanism of INHBA silencing inhibiting SUNE1
cell proliferation and invasion.

Discussion

Inhibin BA (INHBA) is a ligand belonging to the
transforming growth factor beta (TGF-B3) super-
family [12]. INHBA gene is located at 7p14.1
[12]. The ligand is a subunit which can form
both activin A by homo-dimerizing and inhibin
by hetero-dimerizing with inhibin BB. Activin
and inhibin, are two tightly related glycopro-
teins of the TGF-B superfamily with opposite
biologic functions during various different stag-
es of cell growth, proliferation and differentia-
tion [23-26]. Activin needs to first bind with
a complex of type | and type Il single trans-
membrane serine or threonine kinase recep-
tors to initiate the cascade pathway. Interaction
between them can trigger phosphorylation of
the transmembrane receptor and initiate acti-
vation of Smad proteins. Then, the phosphory-
lated Smad protein complex translocates into
the nucleus and binds with the promoters of
multiple target genes and regulates transcrip-
tion of these genes and modulates cellular
functions [27]. However, inhibin exerts a com-
pletely opposing function by binding with type Il
transmembrane serine or threonine kinase
receptors mediated by the co-receptor beta
glycan. Multiple elements can effect the ac-
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tivin signalling pathway at dif-
ferent phases. The interacti-
on of disulfide-linked homo-
dimer of Inhibin BA constitut-
es activin A in the hypoth-
alamic-pituitary-gonadal axis
[28, 29]. The inhibin BA may
also combined with the inhib-
in BB and inhibin o isoforms
and respectively form activin
AB and inhibin A [30].

Activin A was first reported
in 1978 for its function in
the hypothalamic-pituitary-go-
nadal axis [28, 29]. Since
then, the involvement of ac-
tivin A has been reported in a
large variety of biologic activi-
ties, such as glucose metabolism [31], immune
response [32], stem cell differentiation [33],
and neoplastic progression [34]. Upregulated
activin A in esophageal carcinoma has been
reported to be associated with advanced cli-
nical stage, N stage, and a worse 0S [35].
Moreover, activin A can promote cell growth,
tumorigenicity, invasion, and also induce resis-
tance to apoptosis [36]. Furthermore, overex-
pression of activin A was also reported in lung
[15], gastric [37], colon [38], pancreatic [39],
endometrial, ovarian [40, 41], cervical [42],
and prostate cancers [43]. In accordance with
these findings, the overexpression of INHBA
was also reported in multiple types of cancers,
such as esophageal adenocarcinoma [44, 45],
breast cancer [19, 34], lung cancer [15], gastric
carcinoma [16], colorectal carcinoma [17], and
bladder carcinoma [18]. However, to the best
of our knowledge, the expression and prognos-
tic effects of INHBA in NPC remain unclear.

In our study of NPC in Guangdong, China, we
examined the expression status of INHBA in
108 tumors and analyzed their pattern of re-
lationship with clinicopathologic features and
outcome. Based on the prevailing theory, the
expression level of INHBA is likely associated
with tumorigenesis and progression. The pres-
ent study certified that expression level of
INHBA was elevated in NPC which was in con-
sensus with the above-mentioned reports. Our
study clearly demonstrated that expression of
INHBA at mRNA levels was higher in NPC le-
sions compared with non-cancerous nasopha-
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ryngeal epithelial samples. On the basis of th-
ese findings, we consider INHBA as a molecular
biomarker of NPC that can help boost the preci-
sion of early diagnoses.

Furthermore, we analysed the intrinsic con-
nection between INHBA and the other clini-
calpathologic characteristics of NPC patients.
The INHBA expression were closely related to
well-established prognostic clinical character-
istics such as Clinical stage (UICC) (P=0.048),
N stage (P=0.042), and carotid sheath invol-
vement (P=0.016). The INHBA expression sh-
owed no significant association with age, gen-
der, histology, T classification, nasal cavity in-
volvement, maxillary sinus involvement, neck
lymph node level involvement, or maximum
neck lymph node diameter. Interestingly, the
relationship between INHBA and clinical out-
come in different type of carcinomas seems
to be diverse. A depressed expression of INHBA
in carcinomas has been reported by some
researchers. For example, Hofland et al. [46]
indicated a lower expression of INHBA in adre-
nocortical carcinoma tissues.

In our study, as demonstrated by Kaplan-Meier
analysis, patients with strong INHBA expres-
sion had worse DFS and OS compared to th-
ose with moderate or negative expression. Our
data demonstrated that expression of INHBA
is an indicator of poor prognosis in NPC. This is
in line with our previous studies which reported
the association of poor clinical outcome with
strong expression of INHBA in breast cancer
[19]. The exact effects of INHBA-mediation on
tumor progression remain obscure. Multivariate
analysis indicated that INHBA might be an in-
dependent prognostic indicator for DFS in NPC
patients. This finding demonstrated the possi-
bility of using INHBA expression as a predictor
for prognosis and disease-free survival in NPC.
Moreover, a sub-group analysis revealed that
INHBA overexpression patients had a poor DFS
and OS among the sub-group whose tumors
demonstrated the features of advanced stage,
and T1-2 tumors. As for N stage subgroup, the
expression of INHBA was associated only with
DFS duration in patients with NO tumors.

To explore the functions and mechanisms of
INHBA in NPC, a SUNE1 INHBA-shRNA cell
model was constructed. We found silencing
INHBA expression in SUNE1 cells could inhibit
proliferation and invasion ability in vitro. We
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also performed colony formation and wound
healing assay to determine whether INHBA
could affect SUNE1 cells’ tumorigenesis and
migration in vitro, but the results showed no
significance (data were not show).

Chen et al. have reported that the TGF-f sig-
naling pathway was inhibited in gastric cancer
cells in response to INHBA silencing. We ques-
tioned whether there was a similar mechanism
in the SUNE1 NPC cell line. Next, 3 TGF- sig-
naling pathway core proteins including TGF-B1,
p-Smad2, and p-Smad3 were selected to de-
tect by western blot. The result showed that
in response to INHBA knockdown, the protein
expression of TGF-B1, p-Smad2, and p-Smad3
were decreased, indicating that after INHBA
silencing, the TGF-B signaling pathway was bl-
ocked. Thus, knockdown of INHBA expression
in SUNE1 cells inhibited proliferation and inva-
sion. The underlying mechanism may be by
blocking the TGF-B signaling pathway.

In conclusion, to our knowledge, this is the first
report on INHBA expression and its clinical
significance in non-endemic NPC published to
date. Our findings suggest that the expressi-
on of INHBA is up-regulated in NPC and is cor-
related with clinical stage, N classification, and
carotid sheath involvement. Multivariate analy-
sis indicated that INHBA might be an indepen-
dent index for NPC prognosis. Hence, detect-
ing the expression of INHBA may contribute to
stratifying NPC patients for implementing a
new therapeutic strategy. Knockdown of IN-
HBA expression in SUNE1 cells could inhibit
cell proliferation and invasion. The underlying
mechanism may be blocking the TGF- signal-
ling pathway.
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