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Abstract 

Activin B, a homodimer of inhibin beta b (INHBB), is a multifunctional cytokine belonging to the 
transforming growth factor-β (TGF-β) family. However, the molecular functions and clinical 
relevance of activin B have not been determined in oral cancer. We investigated the critical roles 
of activin B in oral squamous cell carcinoma (OSCC). We performed quantitative reverse 
transcriptase-polymerase chain reaction, Western blotting, and immunohistochemistry to study 
INHBB expression in OSCC-derived cell lines and OSCC clinical samples. The INHBB expression 
levels were significantly (P < 0.05) overexpressed in OSCCs compared to normal counterparts in 
vitro and in vivo. Activin B-positivity in OSCC cases was significantly (P < 0.05) correlated with 
regional lymph node metastasis. The INHBB knockdown (shINHBB) cells promoted cellular 
adhesion and suppression of cellular invasiveness and migration. After treatment of shINHBB cells 
with activin B, those activities were restored similar to the shMock cells. In the processes of 
invasiveness and metastasis, the cells cause epithelial-mesenchymal transition (EMT). TGF-β and its 
family members are promoters of the EMT process. To investigate whether activin B is related to 
EMT, we examined the expressions of EMT-related genes and found that INHBB was related 
closely to EMT. Our results suggested for the first time that activin B indicates tumoral metastasis 
in OSCCs and might be a useful biomarker for OSCC metastasis. 
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Introduction 
Oral squamous cell carcinoma (OSCC) is 

characterized by a high rate of local invasiveness and 
regional lymph node metastasis [1, 2]. Metastasis of 
cancer cells is an important factor in mortality. To 
improve patient prognosis, it is important to elucidate 
the molecular mechanism of metastasis in OSCC [3, 
4]. 

Activins, a transforming growth factor-β (TGF-β) 

family, are homo- or heterodimers of inhibin β 
subunits (INHβA, INHβB). Their isoforms are activin 
A (βA-βA), activin B (βB-βB), and activin AB (βA-βB). 
Activins are widely distributed in tissue and have 
various biologic activities, i.e., cellular proliferation, 
angiogenesis, inflammation, and embryogenesis [5-9]. 

Among the isoforms of activin, activin A has 
been reported widely in ovarian, prostate, and breast 
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cancers [10-13]; however, there are a few reports of 
activin B in cancer research. Although exogenous 
activin B promotes cellular adhesion, migration, and 
invasiveness activities in endometrial cancer cells [14, 
15], the detailed functions of activin B in OSCCs have 
not been reported. 

The current study found for the first time that 
activin B is correlated closely with regional lymph 
node metastasis in OSCCs. Our results indicated that 
activin B might be a potential therapeutic target for 
patients with OSCC. 

Materials and Methods 
Ethical statement 

The Ethics Committee of the Graduate School of 
Medicine, Chiba University approved this study 
(protocol number, 236), which was conducted 
according to the tenets of the Declaration of Helsinki. 
Before participating in our study, all patients 
provided informed consent.  

Human OSCC cell lines and tissue specimens  
Nine human OSCC cell lines, HSC-2 

(RBRC-RCB1945, mouth), HSC-3 (JCRB-0623, tongue), 
HSC-4 (RBRC-RCB1902, tongue), Sa3 
(RBRC-RCB0980, upper gingiva), Ca9-22 (RCB-1976, 
gingiva), SAS (RBRC-RCB 1974, tongue), KOSC-2 
(JCRB-0126.1, mouth floor), 
Ho-1-u-1(RBRC-RCB2102, mouth floor), and 
Ho-1-N-1 (JCRB-0831, buccal mucosa), were 
purchased from the JCRB Cell Bank (Ibaraki, Osaka, 
Japan) and the RIKEN BioResource Center (Tsukuba, 
Ibaraki, Japan). We obtained human normal oral 
keratinocytes (HNOKs), which served as control 
tissue, from young healthy patients [16-23]. Clinical 
OSCC samples from 103 patients and normal oral 
mucosa (patient-matched) were obtained at the 
Department of Dentistry and Oral-Maxillofacial 
Surgery, Chiba University Hospital. Tissue samples 
were formalin-fixed for pathological diagnosis and 
immunohistochemistry (IHC). The clinical stages of 
the OSCCs were determined based on the TNM 
classification of the International Union against 
Cancer. 

mRNA expression analysis  
mRNA and cDNA synthesis extractions were 

conducted as previously described [23- 25]. 
Quantitative reverse transcriptase-polymerase chain 
reaction (qRT-PCR) was performed to evaluate target 
expression, the protocol of which was previously 
described [23-25]. The primer sequences were as 
follows: inhibin beta b (INHBB), 5’-ATCAGCTTC 
GCCGAGACA-3’ (forward) and 5’-GGTTGCCTTCG 
TTGGAGAT-3’ (reverse); and glyceraldehyde-3- 

phosphate dehydrogenase (GAPDH), 5’-AACATCATCC 
CTGCCTCTACTGG-3’ (forward) and 5’-TTGAAGTC 
AGAGGAGACCACTG-3’ (reverse).  

Western blotting 
Protein extraction and Western blotting were 

conducted as previously described [19, 21, 22]. The 
antibodies used were affinity-purified rabbit 
anti-INHBB polyclonal antibody (Abcam, Cambridge, 
UK), mouse anti-GAPDH polyclonal antibody (Santa 
Cruz Biotechnology, Inc., Santa Cruz, CA, USA), 
rabbit anti-E-cadherin monoclonal antibody (Cell 
Signaling Technology, Danvers, MA, USA), and rabbit 
anti-Zonula occludens-1 (Zo-1) monoclonal antibody 
and rabbit anti-snail family transcriptional repressor 1 
(Snail) monoclonal antibody (Cell Signaling 
Technology).  

Immunohistochemistry  
The immunohistochemistry IHC scoring system 

was used to quantify INHBB protein expression in 
OSCC clinical samples. IHC and IHC scoring systems 
were performed as previously described [16, 24-26]. 
The imaging software IHC Profiler 
(https://sourceforge.net/projects/ihcprofiler/) was 
used. The INHBB IHC scores were calculated by 
combining the proportion of the INHBB stained cells 
and the staining intensity. The intensity levels of the 
stained cells were classified on a scale of 0 to 3, with 0 
indicating negative, 1 low positive, 2 positive, and 3 
high positive. To determine the cutoff points of the 
INHBB IHC scores for each clinical classification, we 
analyzed all scores of the 103 patients with OSCC 
using receiver operating characteristic (ROC) curve 
analysis.  

Transfection with shRNA plasmid 
Transfection with shRNA plasmid was 

conducted as previously described [27-29]. INHBB 
shRNA (shINHBB) and control shRNA (Mock) 
vectors (Santa Cruz Biotechnology, Inc.) were 
transfected into SAS and KOSC-2 cells.  

Cellular adhesion assay 
The adhesion assay was performed as previously 

described to assess the cellular adhesiveness with 
shINHBB cell and Mock cells [30]. The numbers of 
stained adherent cells were observed and counted 
using the Infinite M200 reader (Tecan, Zürich, 
Switzerland). 

Cellular invasiveness assay 
To examine the effect of INHBB knockdown on 

cellular invasiveness, the cells (2.5×105) were seeded 
on a Matrigel Invasion Chamber with 8.0-μm PET 
Membrane 6 Well Plates (Corning, NY, USA). The 
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cellular invasiveness assay was performed as 
described previously [30]. 

Cellular migration assay 
To investigate the effect of INHBB knockdown 

on cellular migration, the cells were plated in 6-well 
culture plates in Dulbecco’s Modified Eagle Medium 
(DMEM) containing 10% fetal bovine serum (FBS) and 
cultured until confluency was reached. The cellular 
migration assay was performed as previously 
described [27, 31].  

Cellular proliferation assay  
Cellular proliferation was measured by counting 

the viable cells using CellTiter 96 Aqueous AQueous 
One Solution Assay (Promega, Madison, WI, USA) 
using a colorimetric method. Cells (2 × 103 cells/well) 
were cultured in 96-well plates with DMEM 
containing 10% FBS for 24 hours; the MTS reagent 
(3-(4,5-dimethylthiazol-2-yl)-5-(3-carboxymethoxyphe
nyl)-2-(4-sulfophenyl)-2H-tetrazolium) was added 
directly to the cells adhering to the plate. The cells 
were cultured for 2 hours at 37°C and then measured 
using the Infinite M200 reader at 490-nm absorbance. 

Activin B treatments 
To elucidate the effect of activin B, the cells were 

treated with 50 ng/ml recombinant human activin B 
protein (R&D Systems, Minneapolis, MN, USA). After 
incubation for 24 hours, functional assays were 
performed.  

Immunofluorescence analysis  
Immunofluorescence was performed with the 

PathScan EMT Duplex IF Kit Primary Antibody 
Cocktail (Cell Signaling Technology), according to the 
manufacturer’s instructions with minor modifications 
[28, 32]. Immunofluorescence analysis was performed 
using confocal microscopy and analyzed with the 
FluoView Software (Olympus Optical, Tokyo, Japan). 

Statistical analysis 
Statistical significance was evaluated using the 

Mann-Whitney U-test, χ2 test, Fisher’s exact test, and 
Student’s t-test. The significance level for two-sided P 
values was 0.05 for all tests. The data are expressed as 
the mean ± standard error of the mean (SEM). We also 
used ROC curves to determine the optimal cutoff 
points to determine INHBB positivity of the OSCCs or 
INHBB negativity of the OSCCs in the classified 
clinical parameters.  

Results 
Up-regulation of INHBB in OSCC cells 

INHBB mRNA and protein levels were 

up-regulated significantly (P < 0.05) in all 
OSCC-derived cell lines compared with the HNOKs. 
Both analyses showed that the INHBB expression 
levels increased significantly (P < 0.05) in all OSCC 
cell lines compared with the HNOKs (Fig. 1A, B). 

 

 
Figure 1. Up-regulation of INHBB expression in OSCC-derived cell 
lines. (A) Quantitation of INHBB mRNA expression by qRT-PCR analysis in 
OSCC-derived cell lines. Significant (*P < 0.05, Student’s t-test) up-regulation of 
INHBB mRNA is observed in nine OSCC-derived cell lines compared to the 
HNOKs. The data are expressed as the mean ± SEM of triplicate results. (B) 
Western blotting of INHBB protein in OSCC-derived cell lines and HNOKs. 
INHBB protein expression is up-regulated in OSCC-derived cell lines compared 
with that in the HNOKs. Densitometric INHBB protein data are normalized to 
the GAPDH protein levels. The values are expressed as a percentage of the 
HNOKs. 

 

Evaluation of INHBB expression in primary 
OSCCs 

Representative IHC data from activin B in 
adjacent normal oral tissue and primary OSCC tissue 
are shown in Fig. 2A and B. The IHC scoring system 
showed that activin B expression was predominantly 
up-regulated in the cytosol of the OSCC tissue. 
However, almost negative immunostaining was seen 
in normal tissues. The activin B IHC scores in normal 
oral tissues ranged from 26.0 to 80.0 (median, 55.1) 
and in the OSCCs from 71.0 to 209.0 (median, 126.1). 
Activin B IHC scores in OSCCs were significantly (P < 
0.05) greater than in normal oral tissues (Fig. 2C). The 
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area under the curve of the ROC curve analysis was 
0.71 (71%), and the cutoff value was 101.3 in the 
analysis of the regional lymph node metastasis (Fig. 
2D).  

 

 
Figure 2. Evaluation of INHBB expression in primary OSCCs. 
Representative IHC results of activin B in normal oral tissues (A) and primary 
OSCCs (B). Original magnification, ×200. Scale bars, 50 μm. (C) The status of 
activin B protein expression in primary OSCCs (n=103) and normal 
counterparts. Activin B IHC scores for normal oral tissues and OSCCs range 
from 26.0 to 80.0 (median, 55.1) and 71.0 to 209.0 (median, 126.1), respectively. 
Activin B protein expression levels in OSCCs are significantly higher than in 
normal oral tissues (*P < 0.05, Student’s t-test). (D) The area under the curve 
(AUC) of the ROC curve analysis is 0.71, and the cutoff value is 101.3 for the 
regional lymph node metastasis (P < 0.05).  

 

Establishment of INHBB knockdown cells 
qRT-PCR and Western blotting were conducted 

to investigate INHBB expression levels in shINHBB 
cells (Fig. 3A, B, respectively). Both analyses showed 
that INHBB expression was down-regulated 
markedly (P < 0.05) in shINHBB cells compared with 
Mock cells (Fig. 3A, 3B). 

Functional assays 
To determine the biologic effect of INHBB, we 

examined cellular adhesion, invasiveness, migration, 
and proliferation assays in the shINHBB cells (Figs. 4 
and 5). Regarding adhesion assay, the numbers of 
shINHBB cells increased significantly (P < 0.05) 
compared with the Mock cells (Fig. 4A). Moreover, 
the shINHBB cells exhibited significantly (P < 0.05) 
decreased cellular invasiveness and migration 

compared with Mock cells (Fig. 4B, C). We also 
examined the adhesion activity of INHBB knockdown 
cells with activin B. The adhesion activity in the 
shINHBB cells treated with activin B was inhibited 
dramatically (Fig. 5A). After treatment with activin B, 
the cellular invasiveness and migration of shINHBB 
cells were significantly (P < 0.05) activated compared 
with the untreated cells (Fig. 5B, C). These results 
suggested that activin B might directly control cellular 
adhesiveness and invasiveness.  

 

 
Figure 3. Establishment of INHBB knockdown cells. (A) INHBB mRNA 
levels in shINHBB-transfected cells. qRT-PCR shows that INHBB is 
down-regulated significantly (*P < 0.05, Student’s t-test) in shINHBB cells 
compared with Mock cells. (B) Representative Western blotting and 
densitometric data of INHBB protein levels in shINHBB cells and Mock cells. 
The INHBB protein is decreased markedly (*P < 0.05, Student’s t-test) in 
shINHBB-transfected cells compared with Mock cells. Densitometric INHBB 
protein data are normalized to GAPDH protein levels. 

 
A cellular viability assay performed to evaluate 

the effect of shINHBB cells and activin B on cellular 
growth, however, showed that the shINHBB cells and 
activin B-treated shINHBB cells had similar growth 
curves. Therefore, these data indicated that cellular 
proliferation was unaffected by either cell compared 
with the Mock cells (Fig. 5D).  

EMT in INHBB knockdown cells 
Metastasis of cancer cells is the most important 

factor that makes treatment difficult [33, 34]. During 
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metastasis, EMT is involved in the acquisition by 
cancer cells of metastatic and invasive abilities [35-37]. 
TGF-β and its family members promote EMT [38], 
which is a transformation characterized by 
disappearance of epithelial markers and 
up-regulation of mesenchymal markers [39]. No study 
has reported that activin B controls EMT-related 

genes in OSCC. To investigate the effect of activin B 
on EMT-related genes, expression levels and 
localization were observed by Western blotting and 
immunofluorescence. After treatment with activin B, 
E-cadherin and Zo-1 protein expression of shINHBB 
cells in SAS cells were down-regulated compared to 
untreated cells. Furthermore, the protein expression 

levels of the mesenchymal markers 
of EMT including Snail were 
up-regulated (Fig. 6A). Brightfield 
and immunofluorescence images of 
shINHBB cells were treated 
with/without activin B. The 
shINHBB cells treated with activin 
B lost E-cadherin on the cell 
membrane seen by immunofl-
uorescence (Fig. 6B). These results 
suggested that activin B, which 
promotes cellular adhesion and 
invasiveness, undergoes EMT. 

 
 

Figure 4. Functional assays. (A) Adhesion assay 
of Mock and shINHBB cells (SAS and 
KOSC-2-derived transfectants). To evaluate the 
adhesion ability of shINHBB, the cells are seeded on 
collagen I-coated 96-well plates at a density of 2 ×104 
cells/well and allowed to adhere for 1 hour. After 
crystal violet staining, the numbers of stained cells are 
measured using a microplate spectrophotometer 
(absorbance at 540 nm and at 405 nm to subtract 
background). The cellular adhesion of the shINHBB 
cells are increased significantly (P < 0.05) compared 
with the Mock cells. The results are expressed as the 
means ± SEM of values from three assays (*P < 0.05, 
Student’s t-test). (B) Invasiveness assay of Mock and 
shINHBB cells (SAS and KOSC-2-derived 
transfectants). To evaluate the effect of INHBB 
knockdown on invasiveness, the cells are seeded on 
Matrigel-coated Transwell inserts (8 μm pores) at a 
density of 2.5×105 cells/well in serum-free medium. 
Serum-supplemented medium was added in the 
lower chamber as a chemoattractant. After 
incubation at 37°C for 48 hours, cells that penetrated 
through the pores are fixed, stained, and counted 
using a light microscope at ×100 magnification. The 
number of shINHBB cells penetrating through the 
pores is decreased significantly (*P < 0.05, Student’s 
t-test) compared with the Mock cells. The mean 
value is calculated from data obtained from three 
separate chambers. (C) Migration assay of Mock and 
shINHBB cells (SAS and KOSC-2-derived transf-
ectants). To evaluate the effect of INHBB knockdown 
on migration, uniform wounds are made in confluent 
cultures of the shINHBB and Mock cells and the 
extent of closure is monitored visually every 3 hours 
for 18 hours. The mean value is calculated from data 
obtained from three separate chambers. The wound 
area is decreased significantly (*P < 0.05, Student’s 
t-test) in the Mock cell culture after 9 or 12 hours, 
whereas a gap remains in the shINHBB cells.  
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Figure 5. Functional assays after treatment with activin B. (A) Inhibition of cellular adhesion by treatment with activin B. The numbers of shINHBB cells 
attached to the dishes are decreased after treatment with activin B (*P < 0.05, Student’s t-test). Cellular invasiveness (B) and cellular migration (C) after treatment 
with activin B. After treatment, invasiveness and migration of shINHBB cells are activated significantly (*P < 0.05, Student’s t-test) compared with the untreated cells. 
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Discussion 
 The current study found that activin B (INHBB) 

was up-regulated in all OSCC-derived cell lines (Fig. 
1). Activin B-positive OSCCs were correlated 
significantly with regional lymph node metastasis 
(Fig. 2, Table 1). Consistent with these clinical 

findings, in vitro experiments showed that shINHBB 
cells, which have lower activin B expression, 
significantly inhibited tumoral metastatic activity. 
Activin B also promoted cellular motility and 
invasiveness in OSCC by controlling EMT-related 
gene expression. 

Activin B is a prognostic biomarker and 
therapeutic target for renal and endometrial 
cancers [14, 15, 40]. In renal cancer, activin B 
induced tumoral invasiveness and 
spindle-shaped cellular morphology [40]. In 
endometrial cancer, activin B increased 
cellular migration, whereas activin B 
expression was not associated with survival 
rates [14, 15]. Therefore, up-regulated 
activin B leads to high tumoral progression 
in those cancers including OSCC.  

 The TGF-β family, including activins, 
promotes EMT [41-44]. Furthermore, 
metastatic cancer cells are related closely to 
EMT, characterized by down-regulation of 
E-cadherin and Zo-1 [45-48], which are 
controlled by transcription factors, such as 
Snail [49-52]. We speculated that cellular 
behaviors associated with activin B, such as 
adhesion, invasiveness, and migration, are 
modulated by EMT. Consistent with our 
hypothesis, the current data showed higher 
expression of E-cadherin and Zo-1 in activin 
B knockdown cells (Fig. 6). 

 In conclusion, activin B is highly 
expressed in OSCC and provides new 
insight into a highly metastatic phenotype 
by controlling the expression of EMT- 
related genes. Further studies are needed, 
but the current data suggested that activin B 
plays an important role in cellular adhesion 
and invasiveness in OSCC. Activin B might 
be a potential therapeutic target for OSCC. 

Abbreviations 
OSCC: oral squamous cell carcinoma; 

qRT-PCR: quantitative reverse transc-
riptase-polymerase chain reaction; IHC: 
immunohistochemistry; INHBB: inhibin 
beta b; HNOKs: human normal oral kerati-
nocytes; shINHBB: small hairpin INHBB.  
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Figure 6. EMT in INHBB knockdown cells. (A) Western blotting of E-cadherin, Zo-1, 
and Snail proteins in shINHBB cells are treated with/without activin B. Treatment of shINHBB 
cells with activin B shows decreased levels of E-cad and Zo-1 and increased levels of Snail 
compared with the control. (B) Brightfield and immunofluorescence images of shINHBB cells 
are treated with/without activin B. The shINHBB cells treated with activin B shows loss of 
E-cadherin on the cell membrane. Scale bars: 20 μm (left panels); 5 μm (middle and right 
panels). 
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Table 1. Correlation between INHBB expression and clinical 
classification in OSCCs.  

Clinical classification  Results of immunostaining  
 Total INHBB negative INHBB positive P value 
Age at surgery (years)     
 <70 48 21 27 0.4138 
 70< 55 24 31 
Gender     
 Male 58 25 33 0.1007 
 Female 45 16 29 
T-primary tumor     
T1 13 4 9  

T2 54 22 32 
T3 15 4 11 
T4 21 8 13 
T1+ T2 67 28 39 0.35900 
T3+ T4 36 15 21 
N-regional lymph node     
Negative 60 38 22 0.00041* 
Positive 43 9 34 
Stage     
 I 13 3 10  
 II 41 16 25 
 III 18 6 12 
 IV 31 11 20 

I +Ⅱ 54 19 35 0.4338 

III + IV 49 17 32 
Vascular invasion     
Negative 71 31 40 0.4380 
Positive 32 14 18 
Histopathologic type     
 Well differentiated 64 25 39 0.2906 
 Moderately differentiated 34 14 20 
 Poorly differentiated 5 2 3 
*P < 0.05 is significant. 
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