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Abstract. The pituitary homeobox 1 (PITX1) protein is 
essential for developmental processes in humans. Previously, 
PITX1 was identified as a possible tumor suppressor 
gene in various types of human carcinoma. However, the 
association between PITX1 and human head and neck squa-
mous cell carcinoma (HNSCC) remains to be elucidated. 
Immunohistochemical analysis was performed to examine 
the expression levels of PITX1 in 47 cases of HNSCC, and 
in 4 control cases. The expression of p53 was also examined 
in these cases. The labeling indices (LIs) were calculated, and 
the correlations between clinical factors (chemosensitivity, 
prognosis and the degree of differentiation) and the LIs were 
assessed. The PITX1 LI in HNSCC was 27.4±14.5%, which 
was significantly lower compared with the LIs of the control 
samples: 76.9±6.97% (P<0.05). Additionally, the PITX1 LIs 
were 39.9±6.2, 26.9±16.9 and 24.2±11.8% in the complete 
response (CR), partial response (PR), stable disease or 
progressive disease (SD/PD) groups, respectively. The PITX1 
LI in the CR group revealed the highest result between the 
all groups, and it was significantly greater compared with that 
in the SD/PD group (P<0.01). The p53 LIs were 24.5±19.9, 
25.7±16.9 and 19.8±13.8 in the CR, PR and SD/PD groups, 
respectively (P>0.05). Neither the PITX1 nor the p53 LIs were 
a statistically significant indicator of the prognosis. PITX1 is 
a candidate tumor suppressor gene and a possible predictive 
biomarker of chemosensitivity of human HNSCC.

Introduction

Head and neck squamous cell carcinoma (HNSCC) is a 
devastating disease and the sixth most common cancer type 
worldwide, responsible for >500,000 new cases annually. 
Despite progression in diagnostic and therapeutic modalities, 
~60% of patients present with locally advanced disease, and 
the five‑year survival rate is ~50% (1‑3). The main strategies 
of therapy are chemoradiation therapy or surgery. Neoadjuvant 
or induction chemotherapy, followed by local therapy, is often 
performed and it was reported that the response to induction 
chemotherapy may be a factor that can predict the efficacy of 
chemoradiation therapy (4). However, no clinically validated 
biomarkers of HNSCC exist for predicting prognosis or treat-
ment outcome. This may be one of the reasons for the low 
survival rate or the occurrences of unsuccessful treatment. 
Therefore, it is expected that the identification of novel 
biomarkers of HNSCC will assist with determining prognosis 
more accurately or increase the efficacy of treatment, which 
may provide the patients with more options.

The pituitary homeobox 1 (PITX1) protein was originally 
described as a member of the bicoid-associated homeobox 
transcription factor family that is involved in the transcriptional 
regulation of proopiomelanocortin gene in the adult pituitary 
gland (5). PITX1 is important in the development of hind limbs 
and determines morphological features of the muscles, tendons 
and bones of the hind limbs (6). In addition, PITX1 has been 
identified as a suppressor of RAS activity and tumorigenicity (7). 
Previously, it was reported that PITX1 is a negative regulator of 
telomerase, due to transcriptional repression of the promoter of 
telomerase reverse transcriptase (TERT) (8). Downregulation 
of PITX1 is consistently associated with the malignancy of 
various human cancer types, including oral squamous cell 
carcinoma (9), malignant melanoma (10), esophageal (11), 
gastric (8,12), lung (13), breast (14), hepatic (15), colorectal (16), 
and prostate (17) cancer, suggesting that PITX1 may be a tumor 
suppressor gene. By contrast, an association between PITX1 and 
HNSCC, including pharyngeal or laryngeal carcinoma, remains 
to be identified.

In the present study, the expression of PITX1 and its 
clinical significance in HNSCC was investigated. The present 
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study also examined the association of a frequently reported, 
but not validated in HNSCC, p53 gene mutation (18-24). The 
clinical utility of these biomarkers was then determined in 
HNSCC.

Materials and methods

Tissue samples. Tissue samples from biopsies of 47 HNSCCs 
were collected prior to the administration of any treat-
ment. All cases were diagnosed as HNSCC for the first 
time at the Department of Otolaryngology, Head and Neck 
Surgery, Faculty of Medicine, Tottori University (Yonago, 
Japan) between January 2008 and December 2012. The 
cases included 21 laryngeal carcinomas, 16 hypopharyn-
geal carcinomas, 5 oropharyngeal carcinomas and 5 oral 
carcinomas. Of these 47 cases, 41 were at stage III or IV, 
and 6 were at stage I or II. All the patients received induc-
tion chemotherapy comprising cisplatin, 5‑fluorouracil and 
docetaxel, followed by a local therapy. In the case of patients 
>65-years-old, nedaplatin was used instead of cisplatin. A 
total of 4 normal samples of oropharyngeal tissue served as 
controls. Approval for the present study was obtained from 
the Institutional Review Board of the Faculty of Medicine, 
Tottori University (Approval No. 2334). All specimens were 
fixed in 10% formalin (Wako Pure Chemical Industries, 
Ltd., Osaka, Japan) and embedded in paraffin (Wako Pure 
ChemicalIndustries, Ltd.). Subsequently, 4 µm-thick sections 
were prepared with a microtome and examined using immu-
nohistochemistry.

Immunohistochemistry. Dewaxed paraffin-embedded 
sections were immunostained using the streptavidin-biotin 
peroxidase complex method with a HISTOFINE SAB-PO 
Immunohistochemical Staining kit (Nichirei Biosciences, 
Inc., Tokyo, Japan). The sections were immersed 
in 3% hydrogen peroxide in phosphate-buffered saline 
for 60 min to bleach the melanin dye and block endogenous 
peroxidase activity. Antigen retrieval was performed by 
autoclaving with 10 mM citrate buffer (pH 6.0) for 10 min. 
The primary antibodies used were as follows: Rabbit poly-
clonal anti-PITX1 (1:500, Abcam, Cambridge, UK) and 
mouse monoclonal anti-p53 (DO7; 1:50; Dako, Glostrup, 
Denmark), which is thought to detect the p53 gene mutation. 
Immunoreactions were visualized with diaminobenzidine 
(DakoCytomation, Glostrup, Denmark) and the sections 
were counterstained with hematoxylin (Wako Pure Chemical 
Industries, Ltd.). Evaluation of the immunoreactive cells was 
performed using a light microscope (Eclipse E400; Nikon, 
Tokyo, Japan; magnification, x400) in four random visual 
fields in each slide. In the HNSCC cases, the percentage of 
immunoreactive cells among the tumor cells was calculated, 
and in the control cases, the percentage of those among 
normal squamous cells was calculated. The percentage of 
immunoreactive cells was defined as the labeling index (LI) 
for each primary antibody.

Evaluation of the response to chemotherapy. Following one 
cycle of neoadjuvant chemotherapy, computed tomography or 
magnetic resonance imaging was performed. The response 
to chemotherapy was subsequently determined, according 

to the RECIST guidelines (25) and classified as a complete 
response (CR), partial response (PR), or stable disease (SD) or 
progressive disease (PD).

Statistical analysis. The Mann-Whitney U test was used to 
compare the expression of PITX1 in HNSCC with that of 
the control cases and to evaluate the association between the 
expression of PITX1 or p53, and clinical factors, including 
the response to chemotherapy, prognosis and degree of 

Figure 1. Immunohistochemical examination of PITX1. Immunohistochemical 
analysis of the expression of PITX1 was performed in (A) normal oropha-
ryngeal mucosa and (B) HNSCC. (C) Immunohistochemical examination of 
the expression of p53 in the HNSCC; magnification, x400. PITX1, pituitary 
homeobox 1; HNSCC, head and neck squamous cell carcinoma.
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differentiation. Kaplan-Meier analysis was also used to 
assess the overall survival and disease-free survival. The 
differences in survival rates were assessed by means of the 
log-rank test. The data are presented as the mean ± standard 

deviation. P<0.05 was considered to indicate a statistically 
significant difference.

Results

Expression levels of PIT X1 and p53 in HNSCC. 
Immunohistochemical analysis revealed that the expression 
of PITX1 in the samples of normal pharyngeal tissue was 
clearly visible as a brown nucleus in the squamous-epithelium 
cells, particularly in the basal cell layer (Fig. 1A). By contrast, 
PITX1 expression in the HNSCC samples was detected less 
in a smaller percentage of cells compared with in the normal 
control (Fig. 1B). The PITX1 LI was 76.9±6.97% in the 
control pharyngeal samples and 27.4±14.5% in the HNSCC 
samples (Fig. 2). This difference was statistically significant 
(P<0.05).

Immunohistochemical analysis also revealed that 
p53 expression was clearly observed in the nuclei of HNSCC 
cells (Fig. 1C), however, not in normal pharyngeal epithelial 
cells. The p53 LI was 23.0±15.4% in the HNSCC samples.

Correlation between the expression levels of PITX1 or 
p53 and the response to chemotherapy. Of the 47 HNSCC 
patients, 6 patients exhibited a CR, 21 exhibited a PR, 19 exhib-
ited a SD and 1 exhibited a PD. The PITX1 LIs were 39.9±6.2, 
26.9±16.9 and 24.2±11.8% in the CR, PR and SD/PD groups, 
respectively (Fig. 3A). The PITX1 LI in the CR group exhib-
ited the highest result among all groups and was significantly 
higher compared with that of the SD/PD groups (P<0.01). The 
p53 LIs were 24.5±19.9, 25.7±16.9 and 19.8±13.8% in the CR, 
PR and SD/PD groups, respectively (Fig. 3B). No significant 
differences were observed between the groups.

Correlation between the expression of PITX1 and the degree 
of differentiation. Of the 47 cases, 15 exhibited well differ-
entiated carcinoma, 28 exhibited moderately differentiated 
carcinoma and 4 exhibited poorly differentiated carcinoma. 
The PITX1 LIs were 33.8±15.2, 24.6±13.6 and 22.8±13.4% in 
the well differentiated, moderately differentiated, and poorly 

Figure 2. Expression of PITX1 in HNSCC. The expression of PITX1 was 
significantly lower in the HNSCC lesions compared with in normal mucosae. 
The data are presented as the mean ± standard deviation (P<0.05). PITX1, 
pituitary homeobox 1; HNSCC, head and neck squamous cell carcinoma.

Figure 3. Correlation between the expression of PITX1 or p53, and the 
response to chemotherapy. (A) The PITX1 LI in tumor specimens corre-
sponding to a CR was significantly higher compared with that in SD or PD. 
The data are presented as the mean ± standard deviation (**P<0.01). (B) No 
significant difference in the p53 LI were observed between the three groups.  
The data are presented as the mean ± standard deviation. LI, labeling indices; 
PITX1, pituitary homeobox 1; CR, complete response; PR, partial response; 
SD, stable disease; PD, progressive disease.
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  B

Figure 4. Correlation between the expression of PITX1 and the degree of 
differentiation. No significant difference was observed between the well, 
moderate and poor differentiated groups. The data are presented as the 
mean ± standard deviation. LI, labeling indices; PITX1, pituitary homeobox 1.
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Figure 5. Correlation between the expression of PITX1 and (A) disease-free survival and (B) overall survival. Correlation between the p53 mutation and 
(C) disease-free survival and (D) overall survival. Although a higher expression of PITX1 or the absence of the p53 mutation was associated with an improved 
prognosis, no statistically significant differences were observed in the analyses (A) χ2=3.06, P=0.08; (B) χ2=2.20, P=0.14, (C) χ2=1.08, P=0.30 and (D) χ2=2.07, 
P=0.15). PITX1, pituitary homeobox 1.
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differentiated groups, respectively (Fig. 4). No significant 
differences were observed between these subgroups.

Correlation between the expression of either PITX1 or p53 and 
prognosis. To compare the differences in disease-free survival 
and overall survival, the HNSCC samples were separated into 
two groups by PITX1 LIs. The samples whose LIs were <28.9 
(the median LI of all HNSCC samples) were designated as 
the low PITX1 expression group, and the other samples were 
designated as the high PITX1 expression group. Although the 
higher expression of PITX1 tended to be associated with an 
improved prognosis, no significant differences were observed 
between the two groups (χ2=3.06 and P=0.08 for disease-free 
survival and χ2=2.20 and P=0.14 for overall survival; Fig. 5A 
and B). Additionally, the samples whose LI was <20.0 were 
designated as the p53 mutation negative (n=25) group, and 
the others termed the p53 mutation positive (n=22) group. 
No significant differences were observed between these two 
groups with regards to disease-free survival (χ2=1.08; P=0.30) 
overall survival (χ2=2.07; P=0.15; Fig. 5C and D).

Discussion

The present study demonstrated that the expression of 
PITX1 was downregulated in HNSCC samples compared 
with that in normal pharyngeal samples, suggesting that 
PITX1 may act as a tumor suppressor and a possible novel 
biomarker in HNSCC and other human malignancies (8-17). 
A previous study demonstrated that a low expression of 
PITX1 is associated with a poor prognosis in colorectal carci-
noma (16) and hepatocellular carcinoma (15). It was reported 
that a low expression of PITX1 is also associated with poor 
differentiation of gastric cancer (12) and oral squamous cell 
carcinoma (9). However, the clinical significance of PITX1 in 
HNSCC remains unclear. Therefore, the present study assessed 
this significance and the potential use of PITX1 as a novel 
biomarker of HNSCC.

The present results revealed that the expression of 
PITX1 was significantly higher in the CR group compared 
with the SD/PD group, suggesting that higher expression of 
PITX1 is associated with higher chemosensitivity of HNSCC. 
It is known that histological differentiation is associated 
with the chemosensitivity of HNSCC (26) and that the level 
of PITX1 expression correlates with differentiation of oral 
squamous cell carcinoma (9) and human gastric cancer (12). 
Accordingly, the correlation between the expression of 
PITX1 and the degree of differentiation was assessed. No 
statistically significant result was obtained. These data 
markedly suggested that PITX1 is a possible biomarker for 
predicting chemosensitivity, independently from histological 
differentiation of HNSCC.

It is known that p53 is a commonly mutated tumor suppressor 
gene in HNSCC (18). Several previous studies have shown that a 
p53 gene mutation is a prognostic biomarker of HNSCC (19-21) and 
that a p53 mutation is associated with the risk of a poor response 
to chemotherapy (22,23). By contrast, it was also reported that a 
p53 mutation is not significantly associated with prognosis (24) or 
chemosensitivity (27) in HNSCC. According to the present results, 
neither PITX1 nor p53 are statistically significant predictors of 
overall survival and disease-free survival. The p53 mutation is not 

significantly associated with chemosensitivity in the present study, 
although the differences from the previous reports in the design 
of chemotherapy must be taken into consideration. Therefore, 
the expression of p53 as a clinical biomarker in HNSCC remains 
controversial.

The present study is the first, to the best of our knowl-
edge, to describe the expression of PITX1 and a correlation 
between the expression of PITX1 and the chemosensitivity 
of HNSCC. However, the mechanisms that underlie the asso-
ciation between PITX1 and chemosensitivity remain unclear. 
Previously, PITX1 was identified as a tumor suppressor that 
downregulates the RAS pathway by acting on RASAL1, a 
member of the RAS-GTPase activating protein family (7). The 
protein expression of wild-type KRAS2 is a major determinant 
of the proliferation of HNSCC cells. Amplification of unmu-
tated KRAS2 in HNSCC contributes to tumor growth (28). It 
was also reported that PITX1 suppresses TERT by directly 
binding to the TERT promoter (8), which is known to be a 
component of the telomerase enzyme and is necessary for 
cancer cell immortalization and proliferation (29). Previously, 
Ohira et al (30) reported that the mRNA expression level of 
PITX1 is directly suppressed by microRNA-19b, followed by 
the upregulation of TERT expression in melanoma cells (30). 
In addition, certain previous reports have shown that upregu-
lated telomerase activation, as well as the mRNA expression 
of TERT, correlates with poor chemosensitivity (31-33). These 
previous reports appear to support the hypothesis that attenu-
ating the expression of PITX1 by miR-19b may be associated 
with malignancy and may assist with chemoresistance via 
telomerase activation in HNSCC cells.

The present study is the first, to the best of our knowledge, 
to report an association between PITX1 and HNSCC. The 
downregulation of PITX1 in head and neck squamous epithe-
lial cells may be involved in the carcinogenesis of HNSCC. 
Therefore, PITX1 is considered a candidate tumor suppressor 
gene. Additionally, PITX1 may serve as a novel biomarker for 
predicting the response to chemotherapy in HNSCC. Future 
investigaitons are required to determine the potential role of 
PITX1 for modulating chemosensitivity in HNSCC cells.
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