
https://doi.org/10.1177/1470320317717904

Journal of the Renin-Angiotensin-
Aldosterone System
July-September 2017: 1 –8
© The Author(s) 2017
Reprints and permissions: 
sagepub.co.uk/journalsPermissions.nav
DOI: 10.1177/1470320317717904
journals.sagepub.com/home/jra

Creative Commons Non Commercial CC BY-NC: This article is distributed under the terms of the Creative Commons 
Attribution-NonCommercial 4.0 License (http://www.creativecommons.org/licenses/by-nc/4.0/) which permits non-commercial use, 

reproduction and distribution of the work without further permission provided the original work is attributed as specified on the SAGE and  
Open Access pages (https://us.sagepub.com/en-us/nam/open-access-at-sage).

Mitochondrial assembly receptor 
expression is an independent 
prognosticator for patients with oral 
tongue squamous cell carcinoma
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Abstract
Introduction: Recent evidence suggests that the local renin-angiotensin system has been implicated in various malignancies. 
The mitochondrial assembly receptor is a newly identified receptor for angiotensin peptides, angiotensin-(1-7), and has 
an important role in the renin-angiotensin system. However, the role of the mitochondrial assembly receptor in the 
prognosis of cancer patients remains unclear. The aim of this study was to evaluate the significance of mitochondrial 
assembly receptor signaling in the prognosis of oral tongue squamous cell carcinoma.
Methods: Mitochondrial assembly receptor immunohistochemistry was examined in 151 oral tongue squamous 
cell carcinoma patients and was correlated with treatment outcome. The functional relevance of the mitochondrial 
assembly receptor in oral tongue squamous cell carcinoma cell lines was evaluated by 3-(4,5-dimethylthiazole-2-yl)-2,5-
diphenyltetrazolium bromide reduction and bromodeoxyuridine incorporation assays.
Results: Mitochondrial assembly receptor overexpression was significantly correlated with early pathological T 
classification (p=0.029) and the absence of extracapsular spread (p=0.039). Univariate analyses demonstrated that 
mitochondrial assembly receptor overexpression was significantly associated with superior overall survival (p=0.012). 
In multivariate comparison, mitochondrial assembly receptor overexpression remained independently associated 
with superior overall survival (p=0.008, hazard ratio=1.862). In vitro, angiotensin-(1-7) suppressed the cell growth in 
oral tongue squamous cell carcinoma cells, and this response was reversed by the mitochondrial assembly receptor 
antagonist, A779.
Conclusion: Mitochondrial assembly receptor expression is independently associated with the prognosis of oral 
tongue squamous cell carcinoma patients. These findings suggest that mitochondrial assembly receptor signaling may be 
a promising novel target for oral tongue squamous cell carcinoma.
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Introduction

Oral cancer, the sixth most common cancer worldwide, is 
a serious and growing problem in many parts of the 
globe.1 More than 90% of oral cancers are squamous cell 
carcinomas.1,2 The prevalence of oral cancers is high in 
Asian countries, especially in South Asia.2 Distinct Asian 
cultural practices such as betel-quid chewing, and varying 
patterns of tobacco and alcohol use are important risk fac-
tors that predispose individuals to oral cancers.2,3 In 
European and US populations, as well as in the popula-
tions of many Asian countries including Japan, Taiwan, 
Thailand, Yemen, India and Iran, the tongue has been 
reported to be the most frequently affected site, contribut-
ing to about 30–50% of all oral cancers.1,2 The treatment 
for early-stage oral tongue squamous cell carcinoma 
(OTSCC) generally consists of a single modality, either 
surgery or radiotherapy, while the treatment for locally 
advanced OTSCC is multimodal, with either surgery fol-
lowed by adjuvant radiation or chemoradiation.4,5 The 
presence of cervical lymph node metastasis and extracap-
sular spread lymph nodes provides particularly reliable 
predictors of regional and distant failure.6 Despite advances 
in treatment, the survival of patients with OTSCC has not 
significantly improved over the past several decades.7 
Therefore, the discovery of prognostic biomarkers for 
OTSCC could improve risk-adapted treatment strategies 
and provide useful insights that could help to facilitate the 
development of potential novel therapeutic targets.

The renin–angiotensin system (RAS) plays a key role in 
the modulation of many functions in the body. The circulat-
ing RAS is well known as a hormonal circulating system 
that increases plasma aldosterone, promotes vasoconstric-
tion, and retains water and sodium, and contributes to the 
systemic regulation of blood pressure and the maintenance 
of fluid and electrolyte homeostasis.8 Recently, emerging 
data have suggested that the local RAS plays an important 
role in tumor angiogenesis, progression, and environ-
ments.8 The function of the RAS is achieved by a group of 
enzymes, peptides, and receptors. It is well known that 
angiotensin II is the main effector of the RAS. Angiotensin 
II is an octapeptide cleaved from angiotensin I by the angi-
otensin I-converting enzyme (ACE). The majority of angi-
otensin II effects are mediated by the angiotensin II type 1 
receptor (AT1R). Many studies have shown that the angio-
tensin II/AT1R axis is generally associated with cell prolif-
eration and tumor angiogenesis, and AT1R has been 
reported to be associated with cancer patients’ progno-
sis.8–10 Besides the classical angiotensin II/AT1R axis, 
another new regulatory axis in the RAS, the angioten-
sin-(1-7)/mitochondrial assembly receptor (MasR) axis, 
has been identified recently. MasR is a receptor of angio-
tensin-(1-7) which is generated directly from angiotensin II 
by the enzymatic activity of angiotensin-converting enzyme 
2 (ACE2) and elicits a counter-regulatory influence on 
many of the effects induced by the angiotensin II/AT1R 

axis such as its apoptotic, anti-proliferative, and angiogen-
esis inhibiting effects.11 Until now, the role of angioten-
sin-(1-7)/MasR signaling in cancer progression has not 
been deeply investigated. Previous studies in several types 
of cancer have shown a tumor inhibitory role of MasR.7,9,12–

16 However, to the best of our knowledge, the significance 
of MasR signaling on the prognosis of cancer patients 
remains unclear. In the present study, therefore, we sought 
to elucidate the prognostic role of MasR signaling in 
patients with OTSCC.

Methods

Patients and samples

This study included 151 patients with available paraffin 
blocks who underwent primary surgical resection for the 
treatment of OTSCC between January 2006–December 
2012 at Kaohsiung Chang Gung Memorial Hospital. This 
retrospective study was approved by the Chang Gung 
Medical Foundation Institutional Review Board. Patients 
with synchronous cancers in the organs and those  
who received preoperative chemoradiotherapy, preopera-
tive chemotherapy, or preoperative radiotherapy were 
excluded. Clinicopathological information was obtained 
retrospectively from clinical records and pathology 
reports. The pathological tumor node metastasis (TNM) 
stage was determined according to the 7th American Joint 
Committee on Cancer (AJCC) staging system.17 Adjuvant 
therapy, such as radiation alone or concurrent chemora-
diation with platinum-based chemotherapy, was used in 
patients with adverse pathologic features, which was 
mostly based on the National Comprehensive Cancer 
Network (NCCN) guidelines. The radiation technique 
utilized was intensity-modulated radiation therapy. 
Overall survival (OS) was calculated from the time of 
surgery to death as a result of any cause. Disease-free 
survival (DFS) was computed from the time of surgery to 
the recurrence of the disease or to death from any cause 
without evidence of recurrence.

Immunohistochemistry

Immunohistochemistry staining was performed using an 
immunoperoxidase technique. Staining was performed on 
slides (4 mm) of formalin-fixed, paraffin-embedded tissue 
sections with primary antibodies against MasR (1:150, rab-
bit polyconal, Lifespan Biosciences, cat# LS-A1528). 
Briefly, after deparaffinization and rehydration, the retrieval 
of the antigen was performed by treating the slides in 10 
mmol/l citrate buffer (pH 6.0) in a hot water bath (95°C) for 
20 min. Endogenous peroxidase activity was blocked for 
15 min in 0.3% hydrogen peroxide. After blocking with 1% 
goat serum for one hour at room temperature, the sections 
were incubated with primary antibodies for at least 18 h at 
4°C overnight. Immunodetection was performed using the 
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LSAB2 kit (Dako, Carpinteria, California, USA) followed 
by the use of 3-3’-diaminobenzidine for color development 
and hematoxylin for counterstaining. Incubation without 
the primary antibody was used as a negative control, and 
breast carcinoma known for its MasR positivity was used 
as a positive control.

The staining assessment was independently carried out 
by two pathologists (SLW and WTH) without any infor-
mation about the clinicopathological features or prognosis 
for the associated patient. A semi-quantitative immunore-
active score (IRS) was used to evaluate the expression of 
MasR. The IRS was calculated by multiplying the staining 
intensity (graded as: 0=no staining, 1=weak staining, 
2=moderate staining, and 3=strong staining) and the per-
centage of positively stained cells (0⩽10% of stained 
cells, 1=11–50% of stained cells, 2=51–80% of stained 
cells and 3⩾81% of stained cells).18,19 The criterion for 
positive staining was a specimen with an IRS scoring ⩾4.

Cell culture and cell viability assays

The OTSCC cell lines HSC-3 and Cal27 were obtained 
from the American Type Culture Collection (ATCC) and 
cultured in Dulbecco’s Modified Eagle Medium (DMEM) 
supplemented with 10% fetal bovine serum (FBS), 2 mmol/l 
glutamine, 100 U/ml penicillin, and 100 µg/ml streptomy-
cin. The viability of sub-confluent cells was analyzed by 
3-(4,5-dimethylthiazole-2-yl)-2,5-diphenyltetrazolium bro-
mide (MTT) reduction assay. Cells were seeded at 5×103 
cells/well in 96-well plates. Serum-starved cells were treated 
with A779 (a MasR antagonist, 100 nM) or vehicle control 
for 24 h following angiotensin-(1-7) (100 nM) stimulation. 
The cells were then cultured for 72 h. Next, the culture 
medium was removed and the cells were washed with fresh 
culture medium without FBS. Cells were then incubated 
with 0.5 mg/ml MTT, in a culture medium without FBS, for 
4 h at 37°C in a 5% CO2 atmosphere. The medium was then 
removed, 100 µl dimethyl sulfoxide (DMSO) buffer was 
added, and the cells were incubated in the dark for an addi-
tional 10 min. Absorbance was measured on a microplate 
reader at 540 nm. The optical density (OD) values were  
normalized with the value for the control group. For bromo-
deoxyuridine (BrdU) incorporation assay, analysis was per-
formed as described previously10 using cell proliferation 
enzyme-linked immunosorbent assay (ELISA) kit (Roche 
Diagnostics, Mannheim, Germany) according to the manu-
facturer’s instructions.

Statistical analysis

Statistical analysis was performed using the SPSS 17 soft-
ware package. The Chi-square test or Fisher’s exact test 
were employed to compare data between the two groups. 
For survival analysis, the Kaplan–Meier method was used 
for univariate analysis, and the difference between sur-
vival curves was tested by a log-rank test. In a stepwise 

forward fashion, parameters with a p value<0.1 at the uni-
variate level were entered into a Cox regression model to 
analyze their relative prognostic importance.

For cell line experiments, a t-test was used for the sta-
tistical analysis.

Results

Patient characteristics

The median age for the 151 patients, 138 men and 13 
women, was 52 years (range, 26–85 years) (see Table 1). 
The pathological T classifications of the 151 OTSCC 
patients were T1 in 41 (27%) patients, T2 in 51 (34%) 
patients, T3 in 12 (8%) patients, T4a in 42 (28%) patients, 
and T4b in five (3%) patients. The pathological N classifi-
cations were N0 in 83 (55%) patients, N1 in 23 (15%) 
patients, N2 in 42 (28%) patients, and N3 in three (2%) 
patients. Additional analyses conducted according to AJCC 
7th staging system indicated stages of stage I in 29 (19%) 
patients, stage II in 32 (21%) patients, stage III in 24 (16%) 
patients, stage IVA in 59 (39%) patients, and stage IVB in 
seven (5%) patients. The analyses of histological grading 
revealed grade 1 in 85 (56%) patients, grade 2 in 60 (40%) 
patients, and grade 3 in six (4%) patients. Pathological fea-
tures including vascular invasion, perineural invasion, and 
extracapsular spread were found in 26 (17%), 69 (46%), 
and 36 (24%) patients, respectively. With regard to surgical 
margins, 10 (7%) patients had positive or close margins (a 
close margin was defined as a margin ⩽1 mm). Among all 
151 patients, there were 124 (82%) smokers, 121 (80%) 
alcohol drinkers, and 114 (75%) betel-nut chewers. 
Furthermore, MasR overexpression was identified in 73 
(48%) of the total 151 patients (Figure 1). At the time of 
analysis, the median periods of follow-up were 87 months 
(range, 61–113 months) for the 76 surviving patients and 
61 months (range, 1–113 months) for all 151 patients. The 
five-year overall and disease-free survival rates for all 151 
patients were 50% and 46%, respectively.

Correlation between clinicopathological 
parameters and MasR expression

The correlations between the clinicopathological parame-
ters and the immunohistochemical expression of MasR are 
summarized in Table 2. MasR overexpression was signifi-
cantly correlated with early pathological T classification 
and the absence of extracapsular spread.

Survival analyses

The correlations of the clinicopathological parameters and 
MasR expression with overall survival and disease-free 
survival are shown in Table 3. Univariate analyses demon-
strated that MasR overexpression (p=0.012, Figure 2(a)), 
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pathological T classification, T1/2 (p=0.001), pathological 
N classification, N0 (p<0.001), pathological 7th AJCC 
Stage I/II (p<0.001), absence of vascular invasion 
(p=0.045), absence of perineural invasion (p=0.018), 
absence of extracapsular spread (p<0.001), negative surgi-
cal margin (p=0.024), and absence of smoking history 
(p=0.047) were significantly associated with superior 
overall survival. Additionally, MasR overexpression 
(p=0.007, Figure 2(b)), pathological T classification, T1/2 
(p=0.008), pathological N classification, N0 (p<0.001), 
pathological 7th AJCC Stage I/II (p<0.001), histologic 
grade 1 (p=0.04), absence of perineural invasion (p=0.003), 
and absence of extracapsular spread (p<0.001) were sig-
nificantly associated with superior disease-free survival.

In a multivariate comparison, MasR overexpression 
(p=0.008, hazard ratio=1.862, 95% confidence interval: 
1.176–2.949) remained independently associated with 
superior overall survival, together with pathological 7th 
AJCC Stage I/II (p=0.011, hazard ratio=2.029, 95% confi-
dence interval: 1.178–3.495), histologic grade 1 (p=0.02, 
hazard ratio=1.700, 95% confidence interval: 1.087–
2.658), and absence of extracapsular spread (p=0.047, haz-
ard ratio=1.694, 95% confidence interval: 1.006–2.854). 
For disease-free survival, MasR overexpression (p=0.006, 
hazard ratio=1.847, 95% confidence interval: 1.190–
2.864), pathological 7th AJCC Stage I/II (p=0.006, hazard 
ratio=2.073, 95% confidence interval: 1.231–3.490), and 
histologic grade 1 (p=0.008, hazard ratio=1.785, 95% con-
fidence interval: 1.165–2.736) represented independent 
adverse prognosticators. The five-year overall and disease-
free survival rates were 59% and 55%, respectively, in 
patients with overexpression of MasR, and 42% and 37%, 
respectively, in patients with low expression of MasR.

MasR antagonist reversed the inhibition 
of tongue cancer cell growth induced by 
angiotensin-(1-7)

To further demonstrate the biological function of MasR in 
vitro, the growth dependence of MasR was evaluated under 
angiotensin-(1-7) stimulation in OTSCC cell lines. Using 
MTT and BrdU assays, we found that the cell proliferation 
rates of both OTSCC cell lines, HSC-3 and Cal27 were sig-
nificantly suppressed upon angiotensin-(1-7) treatment 
(Figure 3(a) and 3(b)). Furthermore, the MasR antagonist, 
A779, significantly reversed the inhibition of OTSCC cell 
growth induced by angiotensin-(1-7) (Figure 3(a) and 3(b)). 
These results suggest that angiotensin-(1–7) /MasR signal-
ing suppresses tongue cancer cell growth and that such 
effects could be reversed by A779, the MasR antagonist.

Discussion

The RAS is composed of a group of enzymes and peptides, 
besides the classical arm, whose primary components are 

Table 1. Characteristics of 151 patients with oral tongue 
squamous cell carcinoma.

Age (years) (median: 52, range: 26–85)  

Sex
 Male 138 (91%)
 Female 13 (9%)
Pathological T classification
 T1 41 (27%)
 T2 51 (34%)
 T3 12 (8%)
 T4a 42 (28%)
 T4b 5 (3%)
Pathological N classification
 N0 83 (55%)
 N1 23 (15%)
 N2 42 (28%)
 N3 3 (2%)
Pathological 7th AJCC stage
 I 29 (19%)
 II 32 (21%)
 III 24 (16%)
 IVA 59 (39%)
 IVB 7 (5%)
Depth of invasion (mm)
 <4 mm 18 (12%)
 ⩾4 mm 133 (88%)
Histologic grade
 1 85 (56%)
 2 60 (40%)
 3 6 (4%)
MasR expression
 Low expression 78 (52%)
 Over expression 73 (48%)
Vascular invasion
 Absent 125 (83%)
 Present 26 (17%)
Perineural invasion
 Absent 82 (54%)
 Present 69 (46%)
Extracapsular spread
 Absent 115 (76%)
 Present 36 (24%)
Margin status
 Negative 141 (93%)
 Positive/close 10 (7%)
Smoking
 Absent 27 (18%)
 Present 124 (82%)
Alcohol
 Absent 30 (20%)
 Present 121 (80%)
Betel-nut chewing
 Absent 37 (25%)
 Present 114 (75%)

AJCC: American Joint Committee on Cancer; MasR: mitochondrial 
assembly receptor.
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ACE, angiotensin II, and AT1R, and a recently discovered 
arm has been characterized. The alternative arm of the RAS 
includes ACE2, a carboxypeptidase that transforms angio-
tensin II to angiotensin-(1-7), and angiotensin-(1-7), which 

is a peptide possessing the effects opposite to those of angi-
otensin II, through its specific receptor, MasR.8 Recently, 
increasing evidence has indicated that several components 
of the RAS might play an important role in cancer 

Figure 1. Immunohistochemical staining of mitochondrial assembly receptors (MasRs): (a) low expression of MasR; (b) 
overexpression of MasR. Original magnification ×200.

Table 2. Associations between mitochondrial assembly receptor (MasR) expression and clinicopathologic parameters in 151 
patients with oral tongue squamous cell carcinoma.

Parameters MasR expression

 Low Over p Value

Age ⩽52 years 41 38 0.95
 >52 years 37 35  
Pathological T classification T1/2 41 51 0.029a

T3/4 37 22  
Pathological N classification N0 39 44 0.21

N1/2/3 39 29  
Pathological 7th AJCC stage I/II 27 34 0.13

III/IV 51 39  
Depth of invasion (mm) <4 mm 10 8 0.72
 ⩾4 mm 68 65  
Histologic grade 1 47 38 0.31
 2/3 31 35  
Vascular invasion Absent 63 62 0.50
 Present 15 11  
Perineural invasion Absent 39 43 0.27
 Present 39 30  
Extracapsular spread Absent 54 61 0.039a

 Present 24 12  
Margin status Negative 73 68 0.91
 Positive/close 5 5  
Smoking Absent 13 14 0.69
 Present 65 59  
Alcohol Absent 17 13 0.31
 Present 56 65  
Betel-nut chewing Absent 18 19 0.67
 Present 60 54  

AJCC: American Joint Committee on Cancer.
aStatistically significant, Chi-square test or Fisher’s exact test was used for statistical analysis.
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progression.8 For example, accumulating evidence has 
shown that angiotensin-II/AT1R signaling has protumoral 
effects and enhances cell proliferation, invasion, angiogen-
esis, and subsequent metastasis.8,12–14 AT1R expression in 
clinical tumor samples has also been reported to be corre-
lated with treatment outcome in several types of cancer.8–10 
However, the impact of angiotensin-(1-7)/MasR signaling 

in cancer progression remains largely undefined. Previous 
studies have reported that the angiotensin-(1-7)/MasR axis 
exhibits its anti-tumoral effects on certain cancers.9,11,13–16,20 
But, to the best of our knowledge, an assessment of the 
prognostic role of MasR signaling in cancer patients is 
lacking. Therefore, we conducted the present study to eval-
uate the prognostic role of MasR in patients with OTSCC.

Table 3. Results of univariate log-rank analysis of prognostic factors for overall survival and disease-free survival in 151 patients 
with oral tongue squamous cell carcinoma.

Factors No. of patients Overall survival (OS) Disease-free survival (DFS)

 5-Year OS (%) p Value 5-Year DFS (%) p Value

Age
⩽52 years 79 53% 0.43 51% 0.19
>52 years 72 47% 40%  
MasR
Low expression 78 42% 0.012a 37% 0.007a

Overexpression 73 59% 55%  
Pathological T classification
T1/2 92 60% 0.001a 53% 0.008a

T3/4 59 36% 34%  
Pathological N classification
N0 83 61% <0.001a 58% <0.001
N1/2/3 68 37% 31%  
Pathological 7th AJCC Stage
I/II 61 66% <0.001a 62% <0.001a

III/IV 90 40% 34%  
Depth of invasion (mm)
<4 mm 18 72% 0.078 61% 0.18
⩾4 mm 133 47% 44%  
Histologic grade
1 85 55% 0.081 52% 0.04a

2/3 66 44% 38%  
Vascular invasion
Absent 125 54% 0.045a 49% 0.078
Present 26 35% 31%  
Perineural invasion
Absent 82 57% 0.018a 55% 0.003a

Present 69 42% 35%  
Extracapsular spread
Absent 115 57% <0.001a 52% <0.001a

Present 36 31% 25%  
Margin status
Negative 141 52% 0.024a 47% 0.093
Positive/close 10 30% 30%  
Smoking history
Absent 27 70% 0.047a 63% 0.07
Present 124 46% 42%  
Alcohol history
Absent 30 53% 0.41 47% 0.49
Present 121 50% 46%  
Betel-nut chewing
Absent 37 62% 0.056 54% 0.14
Present 114 47% 43%  

AJCC, American Joint Committee on Cancer; MasR: mitochondrial assembly receptor.
aStatistically significant.
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In the present study, MasR overexpression in tumor 
samples was significantly correlated with early pathologi-
cal T classification and the absence of extracapsular 
spread in patients with OTSCC. The previous study by 
Luo et al.16 also reported that MasR exprssion was 
inversely associated with pathological T classification 
and N classification in patients with breast cancer. 
Furthermore, in our survival analysis, MasR overexpres-
sion was significantly associated with better clinical out-
comes in patients with OTSCC, and it remained an 
independent prognosticator in multivariate analysis. 
These clinical findings suggest that MasR signaling may 
have an inhibitory role in cancer progression.

Although significant progress has been made in preop-
erative imaging and surgical technique, there is still a pro-
portion of patients with OTSCC who develop recurrences 
after surgery. Therefore, identification of patients at high 
risk for recurrence who may benefit from post-operative 
adjuvant therapy is worthwhile. In the current study, low 

MasR expression was highly representative of biological 
aggressiveness and independently associated with poor 
overall survival and disease-free survival. The five-year 
overall and disease-free survival rates were 59% and 55%, 
respectively, in patients with overexpression of MasR, 
and 42% and 37%, respectively, in patients with low 
expression of MasR, implying that MasR status might be 
employed to select some patients for adjuvant therapy 
after surgery.

In our in-vitro experiments, angiotensin-(1-7) inhibited 
the cell proliferation of OTSCC cell lines, and this effect 
was found to be reversible by a MasR antagonist, A779. 
Our findings are similar to those of previous studies in lung 
cancer, breast cancer, and hepatocellular carcinoma. 
Gallagher et al.15 showed that angiotensin-(1-7) reduced 
serum-stimulated growth of human lung cancer cells 
through activation of MasR receptors. Luo et al.16 reported 
that cell growth was suppressed by angiotensin-(1-7) treat-
ment and enhanced by MasR knockdown in breast cancer 

Figure 2. Kaplan–Meier curves according to mitochondrial assembly receptor (MasR) status: (a) overall survival according to MasR 
status; (b) disease-free survival according to MasR status.

Figure 3. The mitochondrial assembly receptor (MasR) antagonist reversed the inhibition of tongue cancer cell growth induced 
by angiotensin-(1-7). (a) and (b) Serum-starved HSC-3 and Cal27 cells were pretreated with or without A779 for 24 h following 
stimulation with angiotensin-(1-7). The cells were then cultured for 72 h and then subjected to 3-(4,5-dimethylthiazole-2-yl)-2,5-
diphenyltetrazolium bromide (MTT) and bromodeoxyuridine (BrdU) incorporation assays to quantitate cell growth.
*p<0.05; **p<0.01; ***p<0.001.
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cell lines. Using a murine hepatocellular carcinoma cell 
line, Liu et al.20 found that angiotensin-(1-7) inhibited tumor 
growth in vitro and in vivo and that this effect was reversed 
by coadministration with the MasR antagonist, A779. 
However, Bernardi et al.21 did not observe any pro-/antipro-
liferative effects of angiotensin-(1-7) in colon cancer cell 
lines. These incongruous findings suggest that the effect of 
angiotensin-(1-7)/MasR signaling may be different and 
tumor-specific in a variety of cancer cells. Further studies on 
different cancer cell lines are thus necessary to fully evalu-
ate the effect of angiotensin-(1-7)/MasR signaling.

Our study has important limitations. First, this was a 
retrospective analysis, and a prospective study will be nec-
essary in the future in order to define our findings. Second, 
our observations were limited by the relatively small num-
ber of patients included in the study sample.

In conclusion, MasR expression is independently asso-
ciated with the prognosis of patients with OTSCC. These 
findings suggest that MasR signaling may be a promising 
novel target for the treatment of OTSCC.
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