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Abstract. Cluster of differentiation 147 (CD147), pituitary 
tumor transforming gene (PTTG) and CD44v6 are proteins 
involved in the epithelial‑mesenchymal transition (EMT). To 
investigate the prognostic value of CD147 and PTTG, and 
CD44v6 expression in esophageal squamous cell carcinoma 
(ESCC), tissue microarray specimens from 76 patients with 
ESCC were evaluated by immunohistochemistry staining 
and scored by intensity and proportion of positive areas. 
Expression levels of CD147, PTTG and CD44v6 were higher in 
tumor tissues than in matched adjacent tissues. CD147 expres-
sion was positively associated with lymph node metastasis 
(P=0.025) and American Joint Committee on Cancer (AJCC) 
system clinical grades (P=0.037). CD147 expression was posi-
tively correlated with the expression levels of PTTG (R=0.369; 
P=0.001) and CD44v6 (R=0.320; P=0.005). In addition, 
Kaplan‑Meier analysis indicated that positive expression of 
CD147, PTTG and CD44v6 was significantly associated with 
poor overall survival times (P=0.045, P=0.014 and P=0.027, 
respectively). Patients exhibiting CD147‑PTTG co‑expression, 
CD147‑CD44v6 co‑expression and CD147‑PTTG‑CD44v6 
triple‑positive expression had the poorest overall survival rates. 
In conclusion, the expression of EMT‑associated proteins, 
including CD147, PTTG and CD44v6, was significantly asso-
ciated with poor survival in ESCC and these novel targets may 
serve as potential biomarkers for anticancer therapies.

Introduction

Esophageal carcinoma is one of the most aggressive malignan-
cies with poor prognosis and has been defined as two major 
histologic types: Esophageal squamous cell carcinoma (ESCC) 
and esophageal adenocarcinoma (1). ESCC is the fourth most 
frequently diagnosed cancer and the fourth leading cause of 
cancer‑associated mortality in China (2). Lymph node metas-
tasis is one of the biggest challenges in treatment and survival 
of this type of cancer. Further therapeutic improvements are 
required and a focus on targeted therapy is warranted. This 
has led to increased interest in the prognostic and therapeutic 
value of tumor biomarkers that are known to serve a key role 
in carcinogenesis and progression.

Evidence indicates that epithelial‑mesenchymal transition 
(EMT) serves a key role in a variety of diseases, including 
cardiovascular disease and cancer (3). EMT is of importance 
during the processes of tumorigenesis and metastasis; EMT 
has been reported to reduce the adhesion and increase the 
motility of epithelial tumor cells (4). The underlying mecha-
nism is essential to early‑phase cancer metastasis. Numerous 
signaling pathways, including transforming growth factor‑β 
(TGF‑β) and Notch, participate in the progression of EMT and 
the target genes are responsible for activation of the mesen-
chymal phenotype (5).

Cluster of differentiation 147 (CD147), also known as 
basigin, is highly expressed on the surface of carcinoma 
cells, but not on that of normal cells (6). CD147 is a heavily 
glycosylated type I transmembrane glycoprotein; its overex-
pression of CD147 was significantly associated with various 
malignant tumors (7). In addition, a report demonstrated that 
CD147 served an important role in EMT and regulated diverse 
signaling pathways (8). Pituitary tumor transforming gene 
(PTTG) is an oncogene that is highly expressed in a variety 
of tumor tissues (9). The overexpression of PTTG stimulated 
the expression of matrix metalloproteinase‑2 and enhanced 
EMT process in oral squamous cell carcinoma (10). CD44v6, 
a splice variant of CD44, is highly associated with tumor inva-
sion and metastasis and is reported to be a key biomarker for 
certain types of metastatic cancer (11). A prior study reported 
that CD44v6 contributed to autophagy, EMT and the activa-
tion of numerous pathways in colon cancer (12). However, the 
association between EMT and ESCC is not fully understood. 
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Further investigation to identify EMT‑associated proteins 
in ESCC is required; these proteins may be associated with 
adverse patient prognosis and an improved understanding of 
them could contribute to the development of therapeutic strate-
gies for patients with ESCC.

In the present study, the expression levels of CD147, PTTG 
and CD44v6 in ESCC tissues were analyzed; the correlation 
between the expressions of these EMT‑associated molecules 
was also assessed. Furthermore, Kaplan‑Meier analysis was 
performed to investigate the prognostic value of CD147, PTTG 
and CD44v6 in patients with ESCC.

Materials and methods

Pathological specimens. A tissue microarray, purchased from 
Shanghai Outdo Biotech Co., Ltd. (cat. no. HEso‑Squ172Sur‑01; 
Shanghai, China) contained 86 cases totally from patients who 
underwent surgery at hospitals between July 2006 and September 
2008. Tissue specimens were collected from 64 males and 22 
females, with a median age of 65 years (range 41‑81). Excluding 
those who were lost to follow‑up or lacked pathological infor-
mation, the samples from 76 patients were enrolled in the 
present study, including 57 male patients and 19 female patients 
with a median age of 65 years ranging from 41 to 81 years. 
Additionally, 72 paired adjacent normal tissues in the same 
microarray were used for comparison in the same manner. All 
patients had a single tumor and no distant metastasis and the 
clinical stages were classified by the American Joint Committee 
on Cancer system (AJCC) (13).

Immunohistochemical staining. The staining procedure was 
performed by standard streptavidin‑horseradish peroxidase 
complex method. The slides were dried in an incubator 
at 65˚C overnight, and following deparaffinization via 
100% xylene for 15 min and hydration using 100% ethanol 
for 5 min, 95% ethanol for 2 min, 80% ethanol for 2 min 
and 75% ethanol for 2 min. Tissue sections were incubated 
with 3% hydrogen peroxide in methanol at room tempera-
ture for 30 min to block endogenous peroxidase activity. 
Briefly, the anti‑PTTG (1:50 dilution; cat. no. 12575‑1‑AP; 
ProteinTech Group, Inc., Chicago, IL, USA), anti‑CD44v6 
(pre‑diluted; cat. no. 2M‑0052; OriGene Technologies, Inc., 
Beijing, China), and anti‑CD147 (CD147 Diagnostic kit; cat. 
no. CL001‑01; Jiangsu Pacific‑Meinuoke Biopharmaceutical 
Co., Ltd., Jiangsu, China) antibodies were applied and 
incubated at 4˚C overnight, followed by washing with PBS. 
The sections were incubated with a secondary antibody 
(ready‑to‑use kit; cat. no. SP9000; goat anti‑mouse IgG; 
OriGene Technologies, Inc.), for 30 min at room temperature. 
Signals were developed with 3,3‑diaminobenzine substrate 
(1:200; cat no. ZLI‑9018; OriGene Technologies, Inc.) for 
2 min and counterstained with hematoxylin (ready‑to‑use; 
cat. no. BA‑4041; Baso Diagnostic, Inc.) for 10 min at room 
temperature.

Evaluation of immunohistochemical staining. Protein 
expression determined by immunohistochemical staining 
was evaluated using an Olympus microscope (Olympus 
Corporation, Tokyo, Japan). The sections were carefully diag-
nosed under light microscope and five random fields of view 

were examined at magnification, x200 and x400. Staining 
for these biomarkers was classified by the staining intensity 
and the percentage of positive tumor cells. The percentage of 
positively stained cells was counted for each tissue section. 
According to the degree of staining, the expression was defined 
as follows: ‑ (negative), + (weak intensity; 5‑30% positive tumor 
cell), ++ (moderate intensity; 30‑70% positive tumor cell) and 
+++ (strong intensity; >70% positive tumor cell).

Statistical analysis. Associations between immunohisto
chemical staining patterns and clinicopathological parameters 
were evaluated by χ2 tests. The correlation between the expres-
sion of these biomarkers was analyzed by Spearman's correlation 
coefficient. Kaplan‑Meier statistical analysis and a log‑rank test 
were used to assess the survival curve and compare between 
subgroups. Statistical analyses were performed by SPSS 19.0 
(IBM Corp., Armonk, NY, USA). P<0.05 was considered to 
indicate a statistically significant difference.

Results

Characteristics of the selected patients with ESCC. The age of 
patients ranged between 41 and 81‑years, the mean age was 65. 
Of the patients, there were 57 males and 19 females. By the 
time of the final follow‑up in September 2013, 52 patients had 
succumbed to mortality, during a median follow‑up time of 
30.5 months (range, 0‑85.0 months).

Association between EMT‑associated molecule expression 
and clinicopathological parameters. In the present study, 
CD147 expression was detected in 69 samples (90.8%) and 
was enriched on the surface of the cancer cells. However, in 
adjacent normal tissues, staining for CD147 antibody was 
almost negative (data not shown). Representative histological 
pictures are presented in Fig. 1. Statistical analysis revealed 
that increased CD147 expression levels were associated with 
patient sex (P=0.003), AJCC clinical stage (P=0.037) and 
lymph node metastasis (P=0.025; Table  I). PTTG expres-
sion was detected in 52 cancer tissues (68.4%) and was also 
observed in the nucleus and plasma of cancer cells (Fig. 1). 
Overexpression of PTTG was significantly associated with 
histological grade (P=0.035; Table I), but not with lymph node 
metastasis or AJCC clinical stage. Furthermore, the staining 
for CD44v6 (Fig. 1), mainly in the cell membrane, appeared 
in 59 carcinoma tissues (77.6%). However, the overexpression 
of CD44v6 within tumor tissues was not associated with 
histological grade, lymph node metastasis and AJCC clinical 
grade.

Correlation between CD147, PTTG and CD44v6 expression. 
In the present study, the correlation between the expression 
of CD147, PTTG and CD44v6 was assessed using Spearman's 
correlation analysis. CD147 expression was significantly 
correlated with the expression of PTTG (Table  II) and 
CD44v6 (Table III). There was also a significant correlation 
between PTTG and CD44v6 expression (R=0.527, P=0.001; 
Table IV).

Effects of CD147, PTTG and CD44v6 expression on OS rate 
in patients with ESCC. Kaplan‑Meier curves were generated 
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for patients with ESCC categorized patients according to the 
expression of CD147, PTTG and CD44v6. Patients negative for 
CD147 expression exhibited longer OS rate than patients with 
CD147 positive expression, a difference that was statistically 
significant (Fig.  2A). The results also indicated that the 
duration of survival was significantly associated with positive 
PTTG expression (Fig. 2B). Additionally, the patients with 
positive CD44v6 expression experienced a poorer survival rate 
(Fig. 2C). As CD147 expression was significantly associated 
with the expression of PTTG and CD44v6, patients were 
divided into subgroups according to the combined expression 
of these EMT‑associated markers to detect whether the 
prediction of ESSC prognosis was more accurate. Regarding 
co‑expression, patients with positive staining for CD147 and 
PTTG demonstrated lower OS rates (Fig. 2D). Furthermore, 
the combination of CD147 and CD44v6 expression suggested 

that the overall survival of these subgroups had a statistical 
difference (Fig. 2E). Positive expression of CD147, PTTG 
and CD44v6 was associated with the poorest patient 
prognosis (Fig. 2F).

Discussion

In the present study, the expression levels of CD147, PTTG 
and CD44v6 protein were investigated in a tissue microarray 
of samples from 76 patients with ESCC. The results demon-
strated that the overexpression of these three proteins was 
significantly associated with various pathological characteris-
tics and may be considered as a predictor of shorter OS times 
in patients with ESSC.

CD147 is overexpressed in various tumor cells and may 
promote tumor invasion and lymph node metastasis  (14). 

Table II. Correlation between CD147 and PTTG expression.

	 PTTG	 Spearman's correlation
	‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑	‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑ 
		‑	   +	 ++	 +++	 R‑value	 P‑value

CD147	‑	  7	 0	 0	 0	 0.369	 0.001
	 +	 12	 24	 3	 4		
	 ++	 4	 6	 6	 0		
	 +++	 1	 5	 4	 0		

CD147, cluster of differentiation 147; PTTG, pituitary tumor transforming gene; ‑, negative staining; +, weak staining; ++, moderate staining; 
+++, strong staining.

Table III. Correlation between CD147 and CD44v6 expression.

	 CD44v6	 Spearman's correlation
	‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑	‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑ 
		‑	   +	 ++	 +++	 R‑value	 P‑value

CD147	‑	  4	 2	 1	 0	 0.320	 0.005
	 +	 9	 17	 11	 6		
	 ++	 2	 4	 2	 8		

CD147, cluster of differentiation 147; ‑, negative staining; +, weak staining; ++, moderate staining; +++, strong staining.

Table IV. Correlation between PTTG and CD44v6 expression.

	 PTTG	 Spearman's correlation
	‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑	‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑ 
		‑	   +	 ++	 +++	 R‑value	 P‑value

CD44v6	‑	  13	 4	 0	 0	 0.527	 <0.001
	 +	 7	 14	 2	 2		
	 ++	 2	 10	 5	 0		
	 +++	 2	 7	 6	 2		

CD44v6, cluster of differentiation 44 variant 6; PTTG, pituitary tumor transforming gene; ‑, negative staining; +, weak staining; ++, moderate 
staining; +++, strong staining.
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As a target gene of the TGF‑β signaling pathway, CD147 
induces EMT and may be a potential target for the treatment 
of HCC  (15). In the present study, CD147 was reportedly 

increased in human ESCC. The overexpression of CD147 was 
associated with advanced with the AJCC clinical stages and 
lymph node metastasis, consistent with previous data reported 

Figure 2. Kaplan‑Meier analysis of CD147, PTTG and CD44v6 expression for patients with esophageal squamous cell carcinoma. (A) Patients with positive 
CD147 expression had poorer OS rate than those with negative expression (P=0.045). (B) Patients with positive PTTG expression had poorer OS times than 
those with negative expression (P=0.014). (C) Patients with positive CD44v6 expression had a poorer OS rate than those with negative expression (P=0.027). 
(D) Association between the combination of CD147 and PTTG expression with overall survival (P=0.031). (E) Association between the combination of CD147 
and CD44v6 expression with overall survival (P=0.024). (F) Association between the combination of CD147, and CD44v6 expression with overall survival 
(P=0.042). CD147, cluster of differentiation 147; PTTG, pituitary tumor transforming gene.

Figure 1. Immunohistochemical photomicrographs of CD147, PTTG and CD44v6 in tissue samples from patients with esophageal squamous cell carcinoma. 
The expression of CD147, PTTG and CD44v6 was classified as ‑ (negative staining), + (weak staining), ++ (moderate staining) or +++ (strong staining); 
magnifications, x100 (main image) and x400 (inset). CD147, cluster of differentiation 147; PTTG, pituitary tumor transforming gene.

https://www.spandidos-publications.com/10.3892/ol.2017.7701
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by Zhu et al  (16). Furthermore, when these features were 
subjected to Kaplan‑Meier analysis, the expression of CD147 
was associated with lower OS rates.

PTTG is an oncogene that is regulated by the β‑catenin 
signaling pathway in human ESCC  (17). PTTG has been 
suggested to accelerate the induction of EMT in lung cancer 
by regulating integrin αvβ3 and adhesion‑complex proteins, 
such as talin, paxillin, vinculin and actinin  (18). EMT is 
also induced by PTTG in human ovarian epithelial cancer 
cells via the regulation of TGF‑β and E‑cadherin  (19). A 
previous study demonstrated that the overexpression of 
PTTG may contribute to the malignant progression of ESCC 
and serve as an independent prognostic factor of OS time in 
ESCC (20). PTTG enhances the metastatic potential of breast 
cancer cells by inducing CD147 via the activation of the 
focal adhesion kinase/protein kinase B/mechanistic target of 
rapamycin signaling pathway (21). The findings of the present 
study demonstrated that the level of PTTG expression was 
associated with the duration of survival and the histological 
grade of the disease. However, the poorer OS times of indi-
viduals with double‑positive expression of CD147 and PTTG 
indicated that these proteins may collectively participate 
in the regulation of tumorigenesis and metastasis in ESCC; 
thus, further investigation into the underlying mechanism is 
required.

CD44v6 expression is associated with higher tumor stage 
and metastatic potential in numerous types of tumors. In 
colorectal cancer, high expression levels of CD44v6 revealed 
a significant inverse correlation with E‑cadherin expression 
and a positive correlation with vimentin expression  (22). 
However, the role of CD44v6 expression was controversial 
in certain other tumor types, including oral squamous cell 
carcinoma  (23). The results of the present study indicated 
that the overexpression of CD44v6 was a useful marker for 
patient prognosis; the combination of CD44v6 and CD147 was 
associated with reduced OS rate.

EMT has been considered to be a critical step that 
promotes the early phase of cancer metastasis. EMT‑activating 
signaling pathways and downstream proteins are responsible 
for promoting EMT (24). In a recent study, PTTG promoted 
invasion in a human breast cancer cell line by upregu-
lating CD147 (17). In addition, CD147, as a novel upstream 
activator of signal transducer and activator of transcription 3 
(STAT3), interacts with CD44 and serves as a critical role 
in the development of pancreatic cancer (25). Furthermore, 
the present study revealed that patients with tumors that 
concurrently expressed these three markers exhibited an 
inferior OS rate. This result indicated that the increased 
expression levels of EMT‑associated proteins in ESCC may 
substantially alter the prognosis of patients. In addition, the 
identification of distinct prognostic subgroups can be benefi-
cial for the accuracy of ESSC prognosis in the clinical practice.

In conclusion, the overexpression of CD147, PTTG and 
CD44v6, individually, was associated with the development 
of ESSC and was significantly associated with OS rate, which 
indicated that these proteins are potential biomarkers for 
prognosis. Additionally, the significant correlation between 
CD147, PTTG and CD44v6 expression indicated that these 
molecules may collectively participate in the regulation of 
EMT‑associated signaling pathways in ESCC. CD147, PTTG 

and CD44v6 may be considered as potential targets for the 
development of anticancer therapies.
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