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Abstract Extracellular matrix metalloproteinase inducer
(EMMPRIN, also named as CD147) is a multifunctional
membrane glycoprotein over-expressed in many kinds of
human solid tumors. It has been demonstrated to be
involved in tumor invasion and angiogenesis. The aim of
this study was to analyze the clinicopathological characteristics of the expression of CD147 in human prostate cancer
(PCa), and to evaluate its clinical significance in the
histologic classification and prognosis of PCa. CD147
Zhao-dong Han, Xue-cheng Bi, and Wei-jun Qin contributed equally
to this article.
Z.-d. Han : H.-c. He : Q.-s. Dai : J. Zou : Y.-k. Ye : Y.-x. Liang :
W.-d. Zhong
Guangzhou First Municipal People’s Hospital,
Affiliated Guangzhou Medical College,
#1 Pan Fu Road,
Guangzhou 510180, China
X.-c. Bi
Southern Medical University,
#1 Pan Fu Road,
Guangzhou 510180, China
W.-j. Qin : Z.-n. Chen
Department of Cell Biology & Cell Engineering Research Centre,
Fourth Military Medical University,
Xi’an, China
G.-h. Zeng
First Affiliated Hospital of Guangzhou Medical College,
Guangzhou, China
W.-d. Zhong (*)
Department of Urology, Guangzhou First Municipal People’s
Hospital, Southern Medical University,
Affiliated Guangzhou Medical College,
#1 Pan Fu Road,
Guangzhou 510180, China
e-mail: wdezhong@21cn.com

protein expression in paraffin-embedded specimens gathered from 62 cases of PCa and 30 cases of benign prostatic
hyperplasia (BPH) were detected by the method of
immunohistochemistry. The association of CD147 protein
expression with the clinicopathological characteristics and
with the prognosis of PCa was subsequently assessed.
CD147 expression were positively expressed in 51/62
(82.3%) of PCa and 4/30 (13.3%) of BPH cases, respectively. The positive expression rate of CD147 in PCa tissues
was significantly higher than that in BPH. The positive
expression of CD147 was dramatically associated with
TNM grade (p<0.001), the depth of the prostatic wall
invasion (p=0.008), GLEASON Score (p=0.001) and
Histologic grade (p=0.001). The patients with CD147
expression were associated with a poor prognosis of PCa
(p=0.01) and the survival rate of the patients with a strong
positive expression of CD147 was the lowest (p=0.01). The
results suggest that the expression of CD147 may be an
important feature of PCa and the detection of its expression
may benefit us in the prediction of the prognosis of PCa.
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Diagnosis . Prognosis

Introduction
Prostate cancer (PCa) is the second most frequent cause of
cancer-related death for Western men. Its incidence is
continuously rising, with over 200,000 new cancers and
35,000~40,000 deaths per year [1]. Carcinogenesis and the
mechanisms influencing the progression and prognosis of
PCa is a multistep process, involving both genetic insults to
epithelial cells and changes in epithelial–stromal interactions [2]. Despite current therapeutic methods, many
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patients develop metastases. Its prognosis rate varies greatly
for patients with different clinical stages and pathological
grades. As we know, a prostate-specific antigen (PSA) test
measures the amount of PSA in the blood. PSA is released
into a man’s blood by his prostate gland. Healthy men have
low amounts of PSA in the blood, but the amount of PSA in
the blood normally increases as a man’s prostate enlarges with
age. PSA may increase as a result of an injury, a digital rectal
exam, sexual activity, inflammation of the prostate gland or
PCa [3, 4]. Since the use of PSA in the diagnosis of PCa has
a lower specificity under some conditions, it may not reflect
the biological properties of PCa exactly [5], it is, therefore,
of great significance to search for a more sensitive, more
specific PCa marker that can provide valuable information
for diagnosis and treatment of the disease.
The degradation of the extracellular matrix (ECM) surrounding primary tumors and metastases is critical for the
invasion and metastasis of epithelial tumor cells [6]. Matrix
metalloproteinases (MMPs) expression by stromal [7] and
endothelial cells [8] can be regulated by various soluble or
cell-bound factors, such as extracellular Matrix Metalloproteinase Inducer (EMMPRIN, also known as CD147). CD147
has an abundant expression in malignant tumor tissues
compared to normal tissues and may facilitate tumor
metastasis by activating MMP production, modulating cellsubstrate and adhesion processes [9–12]. Given the important function of CD147 in the progress of tumor tissues,
some reports have demonstrated that it has some association
with the outcome of breast cancer [13]. However, there are
few reports that simultaneously investigate the clinicopathological features of the expression of CD147 in PCa. In the
present study, we analyzed the association between CD147
and TNM grade, the depth of prostatic wall invasion,
GLEASON Score, as well as histologic grade, so as to
evaluate the clinical significance of this marker in the
progression and the prognosis assessment of PCa.

Materials and Methods
Patients and Tissue Samples
Sixty-two fresh PCa tissues (aging 58~86 years, mean±SD=
73.9±12.1 years, TNM staging from I to III) and paired 30
BPH tissues were kindly provided by the Biological Research
Center, Fourth Military Medical University. All of the tissues
were obtained immediately during the operation of transurethral resection prostate and suprapubic prostatectomy.
None of the patients recruited in this study had
chemotherapy or radiotherapy before the surgery. All of
them received resection of PCa during March 6th 2002 to
June 18th 2005 in the Department of Urinary Surgery,
Xijing Hospital, Fourth Military Medical University, China.
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The pathological diagnosis was performed preoperatively
and confirmed postoperatively. All patients were reviewed
and all specimens were re-examined in March, 2007. TNM
grade, the depth of prostatic wall invasion, GLEASON
Score and histological grade were examined by the same
group of two senior pathologists experienced in PCa
diagnosis. All patients were given a 5 year follow-up. For
the analysis of survival and follow-up, the date of
prostatectomy was used to represent the beginning of the
follow-up period. All of the patients whose cause of death
was not related with PCa were excluded when we collected
investigative cases. The study was approved by the
Research Ethics Committee of the Fourth Military Medical
University, China. Informed consent was obtained from all
of the patients. All specimens were handled and made
anonymous according to the ethical and legal standards.
Reagents
Mouse anti-CD147 monoclonal antibody, which recognizes the
50–60 kDa CD147 antigen, and its isotype-matched control
monoclonal antibody (MT8) were both collected by the
Biological Research Center, Fourth Military Medical University. CD147 antibodies reacted specifically with human CD147,
and reactivity has been further confirmed with human breast
BT-20 and colon cancer SW480 cell lines as specified by the
manufacturers. UltraSensitive™ SP kit used for immunostaining was offered by Fuzhou Maixin Biotechnology Inc. Ltd.
Immunohistochemistry Analysis
The specimens were fixed in 10% neutral buffered formalin
and subsequently embedded in paraffin. The paraffin-embedded tissues were cut at 3 μm and then deparaffinized with
xylene and rehydrated for further H&E or peroxidase (DAB)
immunohistochemistry staining employing DAKO EnVision
System (Dako Diagnostics, Zug, Switzerland). Following a
simple proteolytic digestion and a peroxidase blocking, the
tissue slides were incubated with the primary antibody against
respective target protein at a dilution of 1:1,000 overnight at
4°C. After washing, peroxidase labeled polymer and substrate-chromogen were then employed in order to visualize the
staining of the interested proteins.
Following a hematoxylin counterstaining, the immunostaining was scored by two independent experienced pathologists, who were blinded to the clinicopathological data and
clinical outcomes of the patients. The scores of the two
pathologists were compared and any discrepant scores were
trained by re-examining the staining by both pathologists to
achieve a consensus score. The number of positive-staining
tumor cells showing immunoreactivity on the cell membranes
and cytoplasm in ten representative microscopic fields was
counted and the percentage of positive cells was calculated.
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Fig. 1 Immunohistochemical staining for CD147 in PCa (Original
magnification×400). a~b, CD147 negative staining in normal prostate
tissue and BPH tissue; c, isotype controls of CD147 negative staining
in PCa tissues; d~f, CD147 low, intermediate, high positive

expression in PCa tissues (GLEASON scores < 7, < 7 and ≥7,
respectively) were found in cell membrane and cytoplasm at various
levels in PCa tissues respectively. The arrow indicates the positive
area in the tumor tissues

The immunostaining was assessed for staining intensity
(grades 0∼3) using light microscopy. The criteria used for
assessment were as previously reported [11], where: 0
(negative, <5%); 1 (weak, 6–25%); 2 (moderate, 26–50%);
3 (strong, >51%) of the tumor cells stained.

BPH as shown in respecitive image (Fig. 1). CD147 was
strongly expressed on the membrane and partly in the
cytoplasm of PCa cells. It was positively, although, weakly
stained on a few stromal cells. Scattered areas of weak
heterogeneous epithelial cell membrane CD147 immunostaining were observed in 4/30 (13.3%) BPH specimens
(Fig. 1b) whilst 51/62 (82.3%) PCa tissues were positive
for CD147(score 1∼3). For CD147 positive primary PCa
sections, heterogeneous weak and moderate (score 1∼2)
and strong staining (score 3) were found in 32/62 (51.6%)
and 19/62 (30.7%), respectively (Table 1). No regional
heterogeneity has been observed within and between
individual glands, and between central and infiltrative
zones of the tumor.

Statistical Analysis
The software of SPSS version13.0 for Windows (SPSS Inc,
IL, USA) and SAS 9.1 (SAS Institute, Cary, NC) was used for
statistical analysis. Continuous variables were expressed as
X  s. Statistical analysis was performed with Fisher’s exact
test for any 2×2 tables, Pearson χ2 test for non—2×2 tables,
chi-square trend test (the Log Rank, Mantel–Cox) for ordinal
datum, Kaplan–Meier and Cox Regression methods for the
question of survival analysis. Differences were considered
statistically significant when p was less than 0.05.

Results
Expression and Location of CD147 in PCa Tissues
Heterogeneous areas of CD147 immunostaining were
found in the 62 specimens of PCa and 30 specimens of

Table 1 Expression of CD147 in PCa and BPH tissues

PCa
BPH
a

Cases (n)

0a (%)

1~2a (%)

3a (%)

62
30

17.7
86.7

51.6
13.3

30.7
0

pb
<0.001

refers to the immunostaining grades observed using light microscopy.
The criteria used for assessment were as previously reported [11],
where: 0 (negative, <5%); 1 (weak, 6–25%); 2 (moderate, 26–50%); 3
(strong, >51%) of the tumor cells stained
b
Pearson χ2 test for non—2×2 tables was used
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Table 2 Relationship between the expression of CD147 and Clinic pathological data in PCa
PCa
Depth of wall invasiona
Inner cyst
Outer cyst
Gleason score
<7
≥7
TNM stage
I
IIa
IIb
III
Histological grade
High differentiation
Medium differentiation
Low differentiation

pc

case(n)

0 (%)b

1~2 (%)b

3 (%)b

38
24

23.7
8.3

57.9
41.7

18.4
50.0

0.008

36
26

19.4
15.4

72.2
23.1

8.3
61.5

0.001

4
17
20
21

100
29.4
5.0
4.7

0
64.7
55.0
47.6

0
5.9
40.0
47.6

9
23
30

55.6
17.4
0.0

33.3
56.5
56. 7

11.1
26.1
43.3

<0.001

<0.001

‘Wall’ refers to the prostatic capsule. ‘Depth of wall invasion’ refers to whether the tumorous invasion is beyond prostatic capsule or not
refers to the immunostaining grades observed using light microscopy. The criteria used for assessment were as previously reported [11], where: 0
(negative, <5%); 1 (weak, 6–25%); 2 (moderate, 26–50%); 3 (strong, >51%) of the tumor cells stained
c
Pearson χ2 test for non—2×2 tables was used
a

b

Association Between CD147 Expression
and the Clinicopathological Characteristics of PCa
The association between CD147 expression and the
clinicopathological features of PCa patients is shown in
Table 2. A positive expression of CD147 tended to be
associated with the depth of prostatic wall invasion (p=
0.008), GLEASON Score (p=0.001), and histologic grade
(p<0.001). The incidence of CD147 positive expression
was significantly higher in stages IIb∼III than in stages I∼
IIa (p<0.001).

(Table 3) (p<0.01). The results by pairwise comparisons
showed that there is a significant difference in survival rates
between patients with CD147 stronger positive expression
(grade 3) and any of the two other groups (grades 1~2) (p<

Prognostic Implications of CD147 Expression in PCa
The association between the 5 year survival rate of PCa
patients and the expression of CD147 was analyzed using
Kaplan–Meier method. According to the expression of
CD147, the patients were categorized into three groups: 0,
1~2 and 3. The Chi-square value by Log Rank (Mantel–
Cox) indicated a significant difference among different
groups with regard to the expression status of CD147
Table 3 Prognostic value of CD147 expression by Kplan–Meier
method
Type

Total N

5 year survival rate
n

0
1~2
3
Overall

11
23
28
62

9
13
11
33

p

Percent (%)
89.8
55.60
38.5
53.2

0.02
0.03
<0.01

Fig. 2 Kaplan–Meier survival curves for CD147 expression in PCa.
a, categorized by negative CD147 expression (11 cases); b,
categorized by weak~moderate positive CD147 expression (23 cases);
c, categorized by stronger positive CD147 expression (28 cases).
Survival was significantly poor for patients with stronger positive
CD147 expression than those with negative expression (p<0.01)
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0.01). In all three groups, patients with CD147 stronger
positive expression had the poorest prognosis. Using Cox
regression analysis on the 62 patients, the expression of CD147
seemed to be an independent prognostic indicator (Fig. 2).

Discussion
PCa is the most commonly occurring cancer in men and
advanced metastatic PCa is currently incurable. It has been
found that 5 year survival rates for PCa patients were
58.6% on average and the 10 year survival rates for I–III
grade patients with PCa were 77.4%, 75.3%, 26.5%,
respectively [14]. Because of the limitations in efficient
detection techniques, clinicians cannot determine which
patients should be treated immediately. Given these
reasons, to find the molecular markers associated with the
progression and prognosis of PCa is a great challenge to
clinicians and basic scientists.
To our knowledge, PSA is the most common indicator used
for PCa diagnosis, but its specificity to PCa tissues is not very
high. Some benign lesion, such as prostatitis, BPH also can
lead to elevated PSA. In addition, PSA is not capable of
identifying metastasis and prognosis. Fortunately, previous
studies have demonstrated that CD147 can potentially serve as
a new target for anti-tumor therapy [15]. They showed that
the CD147 expression could frequently be detected in the
vast majority of human malignancies as well as in a subset of
benign tumors. Nevertheless, there are significant differences
both in the intensity and distribution of CD147 staining
among different malignant tumors as well as benign lesions
[16–18]. CD147 expressed on the tumor cell surface and
stimulates nearby fibroblasts and endothelial cells [19–21].
CD147 has been indicated to have characteristics of an
adhesive molecule and be able to mediate cell-to-cell or cellto-matrix adhesion [22–25]. Some other studies [26–29]
showed that the molecule facilitates the production of MMPs
from fibroblasts and tumor matrix cells, the latter can almost
degrade all components in basal membranes and extracellular matrixes. MMPs may also participate in late events
during cancer metastatic spread, when cancer cells enter,
survive and exit blood vessels or lymphatics. CD147 also
can affect expressions of vascular endothelial growth factor
(VEGF) at RNA and protein level, as well as promote the
growth of the tumor vascular system [30, 31]. Moreover,
CD147 is a multifunctional protein whose functional
diversity may relate to distinct post-translational modifications. Differential modification through glycosylation may be
cell-type specific or associated with malignancy [32].
Since CD147 expression and biological role in primary
PCa and in the metastatic microenvironment has not been
fully investigated, in the present study, the clinicopathological significance of CD147 in PCa was evaluated. Our data
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indicated that the positive expression rate of CD147 in PCa
tissue (82.3%) was significantly higher (p<0.05) than that
in BPH tissue, only 13.3% of which showed as a weak
positive. In tumor clinics and pathology analysis, patients
with outer cyst invasion and high GLEASON score (>7
points) have higher rates of CD147 positive expression than
those with inner cyst tumor and low GLEASON score (<7
points). With the increment of TNM stage and histological
grade, positive rate, especially stronger positive expression
rate of CD147 in patients also increased, which indicated
that CD147 expression is positively associated with PCa
invasion, metastasis and the level of malignance. CD147
detection can improve the determination of the biological
characteristics of PCa tissues and indirectly reflect the
prognosis of patients. The prognosis of CD147-positive
patients is found to be significantly worse than that of
CD147-negative patients in this study. The positive association between CD147 expression and the invasive depth,
TNM stage, GLEASON score and histological grading of
tumor which were found in this study, may explain the poor
prognosis role of CD147. Therefore, CD147 could overcome the weakness of inadequate specificity of PSA, so as
to enhance the diagnosis efficiency, characterize the clinical
progression and biological properties for clinicians, and
improve the efficiency to predict the prognosis of PCa.
In conclusion, CD147 expression may play an important
role in the progression of PCa. A detection of it may benefit
us in the prediction of the prognosis of PCa. In the near
future, we may extend the follow up period in order to
determine the prognosis effect of PCa more exactly.
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