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Objectives: This study is aimed to investigate the role of androgen receptor (AR) in

regulating oral squamous cell carcinoma (OSCC) cells migration.

Materials and methods: Tumors from 23 patients with OSCC and five OSCC cell lines

were used for analyzing AR expression. The effects of AR agonist and antagonist were used

to examine the role of AR in regulating the migration of OSCC cells.

Results: Ten of 23 tumors from patients with OSCC were AR positive. There was no

significant difference in total EGFR (tEGFR) expression between AR-positive tumors and

AR-negative tumors. However, the expression of phosphorylated EGFR (pEGFR) in AR-

positive tumors was significantly higher than that in AR-negative tumors (p<0.01).

Stimulation of AR by dihydrotestosterone in SCC9 (AR-positive OSCC cell) caused an

increase in pEGFR and pAKT expression and promoted cell migration without

changed tEGFR expression, whereas treatment with bicalutamide led to a decrement in

pEGFR expression and pAKT and inhibited cell migration. No effects were found in

SCC25 cell line (AR-negative) either treated by dihydrotestosterone or bicalutamide.

Furthermore, SCC9 cell line treated by EGF or cetuximab (EGFR inhibitor) significantly

promoted or inhibited cell migration.

Conclusion: Our data indicate that OSSC tumors and OSCC cell lines express AR which is

critical for promoting cell migration by increasing EGFR phosphorylation.

Keywords: oral squamous cell carcinoma, androgen receptor, EGFR, migration,

phosphorylation

Introduction
Oral squamous cell carcinoma (OSCC) is a malignant tumor with a high incidence

and recurrence rate worldwide and accounts for over 90% of oral cancers,1 with an

annual worldwide incidence of over 300,000 cases and a mortality rate of 48%.2

Two-thirds of OSCC occurred in men.3 At the early stage, the standard treatment is

effective for patients with OSCC; however, eventually, more than 50% of patients

develop local recurrence or distant metastases, resulting in a poor prognosis.4,5

Therefore, development of novel therapeutic strategies for patients with advanced

OSCC, and further elucidation of the molecular mechanism that promotes the

malignancy of OSCC, are urgently needed.

One feature of OSCC is progressive local invasion.6 To improve the treatments for

OSCC, it is important to investigate its underlying invasion mechanisms. The pro-

cesses involved in cancer invasion include cell migration, an external stimulus that
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affects the invading cells and interaction between the tumor

and stroma at the invasive front, and the involvement of

growth factors.7,8 To facilitate the identification of novel

therapeutic targets, it is necessary to elucidate the signaling

mechanisms underlying the regulation of cell migration.9,10

The androgen receptor (AR), a ligand-dependent tran-

scription factor, belongs to the nuclear receptor superfamily.

AR activated by androgen dimerizes as a homodimer and

subsequently binds to androgen-responsive elements (AREs)

on the promoter regions of target genes. This binding acti-

vates the expression of genes regulating the growth, differ-

entiation, and survival of AR-expressing cells, such as

prostate epithelial cells.11 AR signaling is critical in carcino-

genesis and the development of prostate cancer (PCa), and

for patients with advanced prostate cancer, blockage of AR

signaling has been used as a standard treatment. At present,

there is limited evidence of the expression and function of

AR in OSCC tumors compared with the intensive studies for

functions of AR in prostate cancer.12

Epidermal growth factor receptor (EGFR) is one of the four

members (EGFR, HER2, HER3, andHER4) of the transmem-

brane ErbB family. EGFR plays a critical role in the signal

transduction pathways that regulate cellular function, including

proliferation, migration, differentiation, and regulation of ana-

bolism in tumor cells.13,14 Targeting EGFR has been used as

a standard of care in lung cancer and colorectal cancer for

selected patient populations.15,16 EGFR has been found to be

upregulated and overexpressed in the majority of oral cancers

and is associated with a poor clinical prognosis.17

It has been shown that AR expression promotes EGFR

activation, which involves protein complex formation

between AR and EGFR.18 AR activity also enhances the

phosphorylation of EGFR and its downstream targets in

breast and prostate cancer cells.19,20 A few studies have

reported AR expression in OSCC and its function in the

proliferation of OSCC. However, no studies were found to

investigate the role of AR in the migration of OSCC cells.

In this present study, we examined the correlation of the

expression of AR, EGFR, and pEGFR in OSCC tumors

and identified AR expression in OSCC cell lines. We

further investigated the function of AR in promoting the

migration of OSCC cells by increasing EGFR signaling.

Materials and methods
Tumor tissues and immunohistochemistry
In this study, 23 patients with OSCC, not previously treated

with chemotherapy and/or radiotherapy, were consecutively

recruited. All patients with a mean age of 52.9 years (range

31–68 years) were otherwise healthy; 15 were male and 8

female. Patient samples were collected with written informed

consent in accordance with the guidelines of the Declaration

of Helsinki. This study was approved by the local Ethics

Committee of Chongqing General Hospital, and all subjects

gave written informed consent prior to participation.

Paraffin sections were deparaffinized in xylene, rehy-

drated through graded alcohol, and processed for antigen

retrieval by in microwave preheated 10 mM citrate buffer

(pH 6.0) for 15 min. Sections were incubated in 3% H2O2

in 50% methanol for 10 min at room temperature to

quench endogenous peroxidase. To block nonspecific

binding, sections were incubated in 5% BSA for 30 min

and then a biotin blocking system (Dako Denmark A/S,

Glostrup, Denmark) was used to block endogenous biotin.

Sections were then incubated with anti-AR (1:100;

Abcam, Cambridge, UK, ab9474), anti-EGFR (1:100;

Santa Cruz Biotechnology Inc., Dallas, TX, USA, sc-

373746), or anti-pEGFR (1:100, Abcam, ab40815), at

4°C overnight. After rinsing, sections were incubated

with HRP polymer kit (Biocare Medical, Pacheco, CA,

USA; GHP516) for 60 min at room temperature, followed

by 3,3-diaminobenzidine tetrahydrochloride as the chro-

mogen. Then the slides were counterstained with hematox-

ylin and mounted after dehydration.

Cell lines
OSCC cell lines (SAS, SCC4, SCC9, OECM-1, SCC25) and

human prostate cancer cell lines (LNCaP) were purchased

from American Type Culture Collection (ATCC) (Manassas,

VA, USA) and maintained in RPMI 1640 (Wisent, Nanjing,

People's Republic of China) containing 10% FBS (ExCell

Bio, Inc., Shanghai, People's Republic of China), penicillin

(100 U/mL) and streptomycin (100 mg/mL). All cell lines

were cultured in a humidified air atmosphere containing 5%

CO2 at 37°C.

Migration assay
Cell migration was evaluated by using a scratch wound heal-

ing assay as previously reported.21 Cells were seeded in 24-

well plates at a density of 104 cells/well in complete DMEM

and cultured to confluence. The cell monolayer was serum

starved overnight in DMEM prior to initiating of the experi-

ment. To block cell proliferation, cells were treated by 10 µg/

mL mitomycin C for 4 h. The confluent cell monolayer was

scrapedwith a pipette tip to generate scratchwounds. The cells

were then washed with PBS and an image was captured using
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a Nikon Eclipse TE2000-5 microscope (Nikon Corporation,

Tokyo, Japan) to record the wound width at 0 h. Cells were

incubated at 37°C for 20 hwith the conditionedmedia contain-

ing either dihydrotestosterone (10 nM), or bicalutamide (10

µM), or EGF (20 ng/mL), or cetuximab (20 µg/mL), or null

control. In order to evaluate the rate of migration, images were

captured again after incubations for 20 h.

Quantitative RT-PCR
Total RNAwas extracted from the cultured cells using RNeasy

kit (Invitrogen, St Louis, MO, USA), according to the manu-

facturer’s protocol. RNA samples were subjected to reverse

transcription using a PrimeScript RT Reagent Kit (Takara,

Dalian, People's Republic of China). The reactions were run

in triplicate in three independent experiments. Data were col-

lected and analyzed using the Rotorgene software accompany-

ing the PCR machine. The CT values for the samples were

normalized to the corresponding GAPDH CT values, and

relative expression levels were calculated using the ΔΔCT
method.

Western blot
Western blot analysis was performed as follows. Proteins from

isolated cells were electrophoresed under reducing conditions

in 10% SDS-PAGE gels and transferred to nitrocellulose

membranes. The blots were blocked in 5% milk, incubated

overnight at 4°C with the primary antibody (anti-AR (1:1,000,

Abcam, ab9474)), anti-EGFR (1:1,000, Santa Cruz

Biotechnology, sc-373746), anti-pEGFR (1:1,000, Abcam,

ab40815), anti-AKT (Santa Cruz Biotechnology, sc-5298),

and anti-pAKT (1:1,000, Abcam, ab81283), and incubated

with secondary antibody for 1 h at room temperature. The

specific signals and the corresponding band intensities were

evaluated using an Odyssey Infrared Imaging system and

software (LI-COR Bioscience, Lincoln, NE, USA).

Statistical analysis
All data are presented as the mean ± standard error. To

determine the significant differences between the groups,

unpaired Student’s t-test was used. p<0.05 was considered

to indicate a statistical difference.

Results
AR-positive tumors expressed higher

pEGFR without changes of tEGFR
Previous studies have reported that AR expressed in

OSCC tumors. In this study, to evaluate AR expression

in tumors from 23 patients with OSCC, AR immunohisto-

chemical staining was performed. AR was mostly stained

in the nuclei of cancer cells. Then, tumors (7 males and 3

females) were AR-positive (Figure 1A). Another 13

tumors were AR-negative (Figure 1B). A prostate tumor

was used as a positive control (Figure 1C). EGFR

expressed on the cellular plasma membrane controls its

downstream signaling pathways and related functions. In

all 23 tumors, tEGFR and pEGFR were nicely stained on

the cell membrane (Figure 1D, E, G, and H). No difference

in tEGFR expression was found between AR-positive

tumors and AR-negative tumors (Figure 1F). In AR-

positive tumors, pEGFR expression was significantly

higher (p<0.01) than that in AR-negative tumors

(Figure 1I).

AR expression in OSCC cell lines
The expression of AR in different OSCC cell lines was

examined. Prostate cancer LNCaP cells (AR-positive) was

used as a positive control. As shown in Figure 2A, four

OSCC cell lines (SAS, SCC4, SCC9, and OECM-1)

expressed different levels of AR mRNA, which were

lower than that in LNCaP cells. AR mRNA in SCC25

was not detectable. Different levels of AR proteins were

expressed in the four AR mRNA detectable OSCC cell

lines (Figure 2B). Compared to the AR expression in the

LNCaP cells, AR protein in OSCC cells was much lower.

AR protein was not detected in SCC25. SCC9 expressed

the highest levels of AR mRNA and protein and SCC25

did not express AR, so SCC9 and SCC25 were used for

the following studies.

DHT promoted cell migration through

increasing pEGFR and pAKT expression
To determine the role of the androgen receptor (AR) in

regulating oral squamous cell carcinoma (OSCC) cells

migration. SCC9 (AR-positive) and SCC25 (AR-negative)

were treated with AR ligand (DHT). DHT treatment

increased SCC9 migration rate approximately 1.9-fold

(Figure 3A, B, E, F, and I). In contrast, DHT treatment did

not change the SCC9 migration rate (Figure 3C, D, and G–I).

Compared with the vehicle-treated cells, treatment with DHT

in SCC9 cells led to an increased expression of pEGFR and

pAKT proteins with no changing of tEGFR mRNA and

protein (Figure 3J and K). Of course, treatment with DHT

in SCC25 did not cause any change of tEGFR, pEGFR and

pAKT (Figure 3J and K).
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Bicalutamide inhibited cell migration through

reducing pEGFR and pAKTexpression
To confirm AR signaling promotes migration of oral squa-

mous cell carcinoma (OSCC) cells, SCC9 and SCC25 were

further treated with Bicalutamide (an AR inhibitor).

Bicalutamide significantly decreased SCC9 migration rate

(Figure 4A, B, E, F, and I). On the other hand, there was no

change in migration rate in SCC9 treated with Bicalutamide

(Figure 4C, D, and G–I). Treatment with Bicalutamide in

SCC9 cells decreased the expression of pEGFR and pAKT

without changing EGFR mRNA and tEGFR protein in com-

parison with the vehicle-treated cells (Figure 4J and K).

Bicalutamide did not cause any change of tEGFR, pEGFR

and pAKT in SCC25 (Figure 4J and K).

EGF promoted, and cetuximab inhibited

SCC9 cell migration
To further investigate whether the effect of AR in SCC9

cells is through targeting EGFR signaling, SCC9 cells

were treated by EGF or cetuximab. EGF treatment

increased SCC9 migration rate approximately 1.7-fold

(Figure 5A, B, E, F, and I). In contrast, the migration

rate of SCC9 treated with cetuximab was suppressed by

about 45% (Figure 5C, D, and G–I).
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Discussion
In this study, we first examined whether AR is expressed in

OSCC samples and cell lines. The results confirmed that AR

was expressed in 10 of 23 OSCC tumors (43.48%). AR

expression was positively correlated to pEGFR expression

in OSCC tumors. Four OSCC cell lines expressed AR

except for SCC25. The findings of this study showed that

AR is critical for promoting the migration of OSCC cells by

up-regulating EGFR phosphorylation. The studies provide

new insights into the role of AR in OSCC cells migration.

In humans, AR ubiquitously expressing throughout the

entire body exerts its effects on cells through both classical

genomic mechanisms and rapid non-genomic actions. AR

acts as a ligand-dependent transcription factor via a classical

genomic mechanism which involves homo-dimerization and

translocation to the nucleus upon binding androgen hor-

mones, binding to specific DNA sequences, and recruiting

co-regulators to initiate transcriptional changes over time.22

Dysregulated AR expression or activity is a key factor that

causes the malignant transformation of prostate cancer cells,

and thus, inhibition of AR activity is a therapeutic strategy to

treat prostate cancer.23 It has been reported that AR was

expressed in OSCC tumors.12,24 Our data clearly showed

AR expression in 43.48% OSCC tumors, which was similar

to the previous reports. Previous studies have shown that

most of the AR expression in premalignant and OSCC

tissues was in the cytoplasm, differing from the nuclear

AR expression observed in prostate carcinomas. A study of

113 clinical specimens of non-prostate adenocarcinoma also

revealed that 87 cases were AR-positive, and 66 (75.8%) of

these were cytoplasmic positive only.25 In this study, we

found most of the AR expression was in nuclei of OSCC

cancer cells, with little expression in cytoplasm. To confirm

the AR staining, PCa tumor was used as a positive control.

In PCa tumor AR stained the nuclei of cancer cells only. In

a study to investigate EGFR expression in two groups of

patients with OSCC and a control group of subjects, patients

with EGFR overexpression had worse survival.26 In addition

to AR protein expression, the correlation between AR

expression and EGFR expression was also investigated.

The study identified that AR expression was positively

correlated to pEGFR expression in OSCC tumors.

However, no difference in tEGFR was found between AR-

positive tumors and AR-negative tumors. These results

showed the clue that AR may regulate EGFR phosphoryla-

tion. Based on these interesting findings, we further investi-

gated if AR plays an important role in OSCC cells migration

by regulating EGFR signaling.

In OSCC cell lines, our data identified AR expression

at both the mRNA and protein levels, which were similar

to a previous report.27 In the five OSCC cell lines, SCC9

cells were found to express the highest AR at both the
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mRNA and protein levels. However, neither AR mRNA

nor protein was detected in SCC25 cells. So these two cell

lines were selected for our current studies.

SCC9 cells treated with DHT increased migration rate

concomitant with an increment of phosphorylation of

EGFR and AKT. Meanwhile, SCC9 cells treated with

Bicalutamide reduced migration rate, phosphorylation of

EGFR and AKT. However, EGFR mRNA and tEGFR

were not changed either treated with DHT or

Bicalutamide. No effect was found in SCC25 cells con-

firming that AR promotes cell migration by activation of

EGFR phosphorylation. The studies focusing on the rela-

tionship between AR and EGFR are mostly on normal

prostate and prostate cancer. EGFR expression regulated

by AR has been shown to be at the transcriptional level

in both normal prostate and PCa cell lines. In normal

prostate, this regulation is negatively regulated and in

PCa is upregulated. Castrated animals treated with DHT

reduced EGFR protein expression.28 As progestins and

estrogens did not downregulate EGFR expression, the

downregulated EGFR expression was specific to andro-

gens. EGFR protein expression was increased in the

absence of or because of reduced androgen.29 These

data support that EGFR expression is downregulated by

androgens in normal prostate. However, in PCa cell lines

a number of studies reported that androgens upregulated

EGFR. In PCa cell lines, DHT treatment enhanced

EGFR mRNA levels and EGFR protein expression.30,31

In re-introducing AR into PC3 cell lines DHT treatment

induced a two-fold increase in EGFR transcription and

about a 50% increment of EGFR protein. EGF binding to

EGFR in PC3-AR cells exposed to DHT was increased,

suggesting an upregulation of EGFR expression by

androgens.32 DHT treatment also increased EGFR

mRNA and protein levels in LNCaP cells.33 These stu-

dies supported that androgens upregulate EGFR expres-

sion in prostate cancer. Interestingly, in OSCC cell lines,

we did not observe that AR-regulated the transcriptional

level of EGFR. This finding is different from prostate or

PCa cell lines. This difference may indicate different

molecular mechanisms of AR in regulating EGFR

between OSCC cell lines and PCa cell lines. These

different molecular mechanisms deserve further investi-

gation. Previous studies have demonstrated that in the

SCC-25 cells a second smaller band which possibly

corresponds to the 145 kDa EGFR deletion mutant

EGFRvIII was observed.27 A small band under tEGFR

was also found in this study. DHT treatment did not

change EGFRvIII expression.

In the present study, to further confirm the effect of AR

on SCC9 cell migration is through targeting EGFR signal-

ing, SCC9 cells were treated with EGF or cetuximab. The

results showed that EGF increased and cetuximab sup-

pressed SCC9 cell migration, which was similar to

a previous report.34 It proved that pEGFR increased by

AR in SCC9 cells is able to promote cell migration.

In conclusion, the current study identified that OSCC

tumors and OSCC cells express AR. The results also

proved that AR plays a pivotal role in promoting cell

migration by increasing EGFR phosphorylation. Thus,

our data strongly suggest that AR can be a potential target,

and androgen deprivation treatment may have clinical

benefits for the treatment of AR-positive OSCC patients.
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