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Extracellular matrix metalloproteinase inducer and matrix
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with loss of hormone receptor expression and
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Abstract. Extracellular matrix metalloproteinase inducer
(CD147) and matrix metalloproteinase-2 (MMP-2) have been
documented in various malignancies. CD147 is a member of
the immunoglobulin superfamily, which promotes the produc-
tion and release of MMPs in mesenchymal cells and tumor
cells. MMP-2 has been extensively studied and is considered
to be particularly important in cancer invasion and metastasis.
However, studies investigating the expression and prognostic
value of CD147 in endometrioid endometrial carcinoma (EEC)
are limited. The present study analyzed the expression of
CD147 and MMP-2 by immunohistochemistry in endometrial
tissue samples from 107 patients with EEC and 30 patients
with benign uterus myoma. The association between CD147
and MMP-2 expression and clinicopathological characteristics
was evaluated. The results showed that the overexpression
of MMP-2 was significantly associated with International
Federation of Gynecology and Obstetrics stage (P=0.007),
depth of invasion (P=0.037) and reduced expression of proges-
terone receptor (P=0.005). Kaplan-Meier analyses indicated
that CD147 overexpression alone (P<0.05 for disease-specific
survival) or in combination with MMP-2 (P<0.001 for
disease-specific survival) was correlated with adverse prog-
nosis in EEC patients. Multivariate analysis revealed that
the combined overexpression of CD147 and MMP-2 was an
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independent prognostic factor for disease-specific survival
(hazard ratio=5.141, P=0.001) in EEC patients. CD147 and
MMP-2 overexpression was positively correlated with aggres-
sive phenotypic features in EEC, however it was negatively
correlated with hormone receptor expression. The combination
of CD147 and MMP-2 overexpression in EEC further distin-
guished a subgroup of patients with poor prognosis. Thus,
the results of present study indicate that the co-expression of
CD147 and MMP-2 may be an independent prognostic factor
in EEC patients.

Introduction

Endometrial carcinoma (EC) is one of the most common
gynecological malignancies worldwide (1), accounting for
20-30% of all gynecological tumors. Endometrioid endome-
trial cancer (EEC) is the most common type of EC, which
accounts for 80-85% cases of EC. It is frequently diagnosed at
an early stage and responds well to surgical treatment, which
is the primary treatment option, with a five-year survival rate
of ~80%. Although the overall survival rate of patients with
this tumor has markedly improved since the 1980's, due to
earlier detection and treatment, the prognosis remains poor in
cases of advanced or recurrent EC (2). Several clinicopatho-
logical factors have been demonstrated to be associated with
prognosis in cases of EC, including histological grade, Interna-
tional Federation of Gynecology and Obstetrics (FIGO) stage
and lymph node metastasis (2,3). Certain markers have been
shown to be of prognostic significance, however, the molecular
mechanisms of carcinogenesis and progression of this cancer
remain unclear.

Extracellular matrix metalloproteinase inducer (CD147) is
a highly glycosylated transmembrane protein, and a member of
the immunoglobulin superfamily (4). It has been reported to be
expressed on the surface of tumor cells, and may promote the
production or release of matrix metalloproteinases (MMPs)
in mesenchymal cells and tumor cells (5). MMPs degrade the
extracellular matrix around tumor cells and therefore facilitate
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invasion and metastasis in cancer (3,6,7). MMP-2 has been
extensively studied and is particularly important in cancer
invasion and metastasis. Studies have shown that CD147 is
overexpressed in a number of human cancer types, including
gastric carcinoma, breast cancer, prostate cancer and cervical
cancer (8-10), and the overexpression of CDI147 is associated
with an aggressive cancer phenotype and poor prognosis for
the patient. Additionally, the overexpression of CD147 in
malignant cells is associated with metastatic and invasive
ability, and sensitivity to growth inhibitory signals (11).
Furthermore, CD147 is frequently expressed in primary
tumors and in micrometastatic cancer cells. These results
suggest that CD147 is a crucial contributor to tumor progres-
sion. In gallbladder carcinoma, CD147/MMP-2 co-expression
has been shown to be an independent prognostic indicator, and
may be a more reliable predictor of outcome compared with
individual expression (12). However, the prognostic value of
these markers in EC is yet to be established.

The expression of steroid hormone receptors [progesterone
receptor (PR) or estrogen receptor (ER)] in patients with
EC has previously been reported to be a good prognostic
indicator (13,14). The association between ER and PR expres-
sion in EC and certain prognostic variables, including tumor
FIGO stage, depth of myometrial invasion, histological grade
and survival, has been established (14). In addition, steroid
hormones, particularly estrogen, have been identified as
important molecules in EC pathogenesis; elevated estrogen
stimulation is associated with carcinogenesis and malignant
transformation of benign endometrium in EEC (15). A decrease
in ER and PR expression is frequently observed in EC, and
may also contribute to carcinogenesis of the endometrium (8).

This study assessed the co-expression of CD147 and
MMP-2, and the association of these molecules with clinico-
pathological characteristics, and with ER and PR expression
in cases of EC, in order to evaluate their involvement in
tumor progression.

Materials and methods

Patients and tissue samples. Specimens of endometrial tissue
were collected from 30 control subjects and 107 patients treated
for EEC between September 2002 and March 2005 (age range,
35-76 years; FIGO stage, I-V). The control subjects were
females undergoing hysterectomy for the treatment of uterus
myoma at the Department of Gynecology, Second Affiliated
Hospital of Harbin Medical University (Harbin, China). All
primary EEC patients who received surgery were included in
the study. Patients who had previously undergone radiotherapy,
chemotherapy or immunotherapy were excluded. The patho-
logical diagnosis was conducted preoperatively and confirmed
postoperatively by histopathological examination. The study
was approved by the Ethics Committee of The Fourth Affili-
ated Hospital of Harbin Medical University (Harbin, China),
and written informed consent was obtained from all patients.
The clinicopathological characteristics of the included
EEC cases are summarized in Table I. All specimens were
anonymized and handled according to ethical and legal stan-
dards. The end date of the follow-up study for analysis was
March 31, 2009, and the median duration of follow-up was
72 months (range, 9-78 months). Of the 110 EEC patients,
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three were lost to follow-up. Either patients who were alive at
final follow-up or patients succumbed to conditions other than
EEC were excluded at the date of last follow-up. The staging
of tumors was performed according to FIGO criteria (16,17).

Immunohistochemistry. The immunohistochemical staining
of paraffin-embedded tissue samples was performed
according to a previously described protocol (18). Samples
were cut using a microtome into sections of 5-10 ym in
thickness. Hematoxylin and eosin staining was used to
confirm the presence of tumor tissue prior to immunohis-
tochemical staining. Sections were deparaffinized and
incubated with CD147 monoclonal antibody (dilution, 1:75;
cat. no. ZM-0445), MMP-2 monoclonal antibody (dilu-
tion, 1:75; cat. no. ZA-0331), PR monoclonal antibody
(dilution, 1:100; cat. no. ZA-0102) or ER polyclonal antibody
(dilution, 1:150; cat. no. ZA-0255) (Santa Cruz Biotech-
nology, Santa Cruz, CA, USA) for 30 min. The slides were
rinsed with phosphate-buffered saline (PBS), followed by a
30-min incubation with a secondary antibody (dilution, 1:75;
cat. no. ZDR-5119; Beijing Zhongshan Jingiao Biotechnology
Co., Ltd., Beijing, China) and a further wash with PBS.
Sections were subsequently incubated with a ready-to-use
DAB solution for 5-15 min until a brown color became
visible, and the reaction was discontinued by washing in
running water.

Immunohistochemical staining evaluation. Tissue sections
were independently evaluated by two gynecological
pathologists who were blinded to the identity and clinical
status of each patient. The immunohistochemical expres-
sion was semi-quantitatively measured, as described by
Zhong et al (9), by assessing the percentage and staining
intensity of stained tumor cells. Samples were scored from
0-3 based on the percentage of cells exhibiting positive
staining as follows: O points, 0-5%; 1 point, 6-50%; 2 points,
51-75%; and 3 points, >75%. Staining intensity was scored as
follows: 2 points, weak intensity; 3 points, moderate intensity;
and 4 points, strong intensity. An overall score index (SI) was
calculated for each sample by multiplying the intensity score
by the percentage score. Tumors were categorized into one of
three groups based on their SI: group 1, negative or weak
expression (SI, 0-4); group 2, moderate expression (SI, 5-8),
and group 3, strong expression (SI, 9-12).

Statistical analysis. Data were analyzed using SPSS
version 16.0 for Windows (SPSS, Inc., Chicago, IL, USA).
The categorical variables were analyzed using Pearson's y?
test, and Spearman's correlation test was used for the rank
data analysis. Survival curves were calculated according to
the Kaplan-Meier method and evaluated using the log-rank
test. Cox regression based on a proportional hazard model
was performed for multivariate analysis of prognostic
predictors. P<0.05 was considered to indicate a statistically
significant difference.

Results

Expression of CDI147 and MMP-2 in EEC. Immunohis-
tochemical evaluation indicated that, of the 30 control
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Table I. Association analyses between the expression levels of CD147 and MMP-2 and the clinicopathological characteristics

of endometrioid endometrial cancer.

Patients, CD147 expression MMP-2 expression
Clinicopathological
variable n Low,n  High,n ¥ P-value Low,n High,n ¥ P-value
All cases 107 59 48 58 49
Age, years 6.24 0.009 9.67 0.002
>60 46 19 27 17 29
<60 61 40 21 41 20
FIGO stage 0445  0.505 7.316 0.007
Low (I/1I) 77 44 33 48 29
High (II/1V) 30 15 15 10 20
Histological grade 1.611 0.204 6.669 0.010
Low (G1 or 2) 84 49 35 51 33
High (G3) 23 10 13 7 16
Lymph node metastasis 6.801 0.009 2.668 0.102
Negative 74 47 27 44 30
Positive 33 12 21 14 19
Depth of myometrial invasion 3394  0.065 4.348 0.037
<50% 66 41 25 41 25
=50% 41 18 23 17 24
ER expression 10.025  0.002 3.128 0.077
Low 60 25 35 28 32
High 47 34 13 30 17
PR expression 2.155  0.142 7.962 0.005
Low 54 26 28 22 32
High 53 33 20 36 17

FIGO, International Federation of Gynecology and Obstetrics; ER, estrogen receptor; PR, progesterone receptor; CD147, extracellular matrix

metalloproteinase inducer; MMP-2, matrix metalloproteinase-2.

specimens, 27 (90%) exhibited low (negative or weak) CD147
expression levels (SI, 0-8; Fig. 1C) and 26 (86.67%) exhibited
low MMP-2 expression (SI, 0-8; Fig. 1D). Of the 107 EEC
specimens, 48 (44.9%) exhibited high CD147 expression
(SI,9-12; Fig. 1A) and 59 (55.1%) exhibited low CD147 expres-
sion (SI, 0-8); 49 samples (45.8%) exhibited high MMP-2
expression (SI, 9-12; Fig. 1B) and 58 (54.2%) exhibited low
MMP-2 expression (SI, 0-8). Notably, 32 samples (29.9%)
exhibited both high MMP-2 expression and high CD147
expression (SI, 9-12).

Association between the expression of CDI47 and MMP-2
and the clinicopathological characteristics of EEC. As
shown in Table I, no correlation was observed between the
expression of CD147 and MMP-2 and the age of the patient.
MMP-2 was overexpressed in 66.6% of patients with high
FIGO stage disease, compared with 37.7%, of patients
with low-stage disease; this suggests that the expression of
MMP-2 protein is associated with FIGO stage (P=0.007).
However, no significant difference in CD147 expression was
observed between high and low FIGO stage samples. MMP-2
expression was also significantly associated with depth of
myometrial invasion (P=0.037), and the overexpression of

CD147 protein was associated with lymph node metastasis
(P=0.009).

Correlation between the expression of CDI47 and MMP-2.
Pearson's y* test demonstrated that the elevated expression
level of CD147 was highly correlated with expression of
MMP-2 (P=0.02).

Clinical outcome and CDI47 and MMP-2 expression. The
association between clinical characteristics and the disease
specific survival (DSS) of EEC patients was evaluated
by univariate analysis. As shown in Table II, advanced
age (>60 years) was significantly associated with an increased
mortality rate from EEC (P=0.025). A myometrial invasion
depth of =50%, high tumor grade and lymph node metastasis
also predicted a shorter DSS (P<0.001).

The association between the expression of CD147 and
MMP-2 and aggressive pathological characteristics in EEC
patients was also evaluated. The expression of CD147 and
MMP-2 in these patients was categorized into four groups:
CD147 and MMP-2 double negative; CD147 negative and
MMP-2 positive; CD147 positive and MMP-2 negative; and
CD147 and MMP-2 double positive. A pair-wise comparison
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Figure 1. The typical expression pattern of CD147 and MMP-2 in normal endometrium and EEC tissues, evaluated by immunohistochemical staining (original
magnification, x200). (A) Strong positive expression of CD147 in the cell membrane in EEC tissues. (B) Strong positive expression of MMP-2 in the cytoplasm
in EEC tissues. (C) Negative staining of CD147 in normal endometrial tissue. (D) Negative staining of MMP-2 in normal endometrial tissue. EEC, endome-
trioid endometrial carcinoma; CD147, extracellular matrix metalloproteinase inducer; MMP-2, matrix metalloproteinase-2.
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Figure 2. Kaplan-Meier survival curves for CD147 and MMP-2 (Panel 1), ER (Panel 2) and PR (Panel 3) expression in patients with EEC. (A) CD147 and
MMP-2 double negative expression; (B) CD147 negative, MMP-2 positive expression; (C) CD147 positive, MMP-2 negative expression; and (D) CD147
and MMP-2 double positive expression. Survival for patients with B subtypes was significantly increased compared with all other subtypes (P<0.01). EEC,
endometrioid endometrial carcinoma; CD147, extracellular matrix metalloproteinase inducer; MMP-2, matrix metalloproteinase-2; ER, estrogen receptor; PR,

progesterone receptor.

analysis revealed that the DSS of CD147+/MMP-2+ patients
was significantly shorter compared with each of the other
three groups (P<0.01). Cox regression analysis showed
that the combined expression of CD147+/MMP-2+ and
CD147-/MMP-2- is an independent prognostic indicator for
EEC patients (Table I1T; P<0.01). The Kaplan-Meier curves for
CD147/MMP-2 co-expression in the EEC patients are shown
in Fig. 2.

ER and PR were demonstrated to be highly expressed
in 43.9% and 49.5% of EEC samples, respectively (Fig. 1).
CD147 overexpression was detected in 58.3% of tumors
with low ER expression, compared with 27.7% of tumors

with high ER expression; this difference was statistically
significant (P=0.002). Similarly, MMP-2 overexpression was
detected in 59.3% of tumors with low PR expression compared
with 32.1% of tumors with high PR expression (P=0.005).

Discussion

The present study assessed the overexpression of CD147 and
MMP-2 in EEC using immunohistochemistry, and demon-
strated that overexpression of MMP-2 was significantly
associated with depth of myometrial invasion, histological
grade and FIGO stage. Furthermore, the overexpression of
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Table II. Univariate survival analysis of DSS in patients with endometrioid endometrial cancer (n=107).

DSS
95% CI
Patients, Standard Lower Upper
Variable n Estimate error bound bound Y P-value®
Age, years 5.044 0.025
<60 61 65.241 1.178 62.932 67.550
>60 46 63.722 1.118 61.532 65913
FIGO stage 0.062 0.804
/I 77 65.108 0.899 63.347 66.869
v 30 62.846 2.380 58.181 67.510
Histological grade 23.728 <0.001
lor2 84 65.707 0.875 63.993 67.422
3 23 56.300 1.542 53.277 59.323
Depth of myometrial invasion 14.225 <0.001
<50% 66 66.279 0.950 64418 68.140
=50% 41 60.508 1.405 57.753 63.262
Lymph node status 16.602 <0.001
Negative 74 66.554 0.745 65.094 68.014
Positive 33 56.608 2.173 52.350 60.866
ER expression 4.765 0.029
Low 60 63.672 1.100 61.516 65.827
High 47 65.686 1.297 63.144 68.229
PR expression 7.981 0.005
Low 54 62.381 1.250 59.931 64.830
High 53 66.591 1.093 64.449 68.733
CD147/MMP-2 22.230 <0.001
CD147-/MMP-2- 42 68.051 1.128 65.840 70.263
CD147-/MMP-2+ 17 65.692 1.452 62.847 68.538
CD147+/MMP-2- 16 61.978 1.381 59.270 64.685
CD147+/MMP-2+ 32 58.188 2419 53.446 62.929

“Log-rank test. DSS, disease specific survival; CI, confidence interval; FIGO, International Federation of Gynecology and Obstetrics; ER,

estrogen receptor; PR, progesterone receptor.

CD147 and MMP-2 served as an independent prognostic factor
for poor DSS in advanced EEC patients.

The cell surface protein CD147 is located on the surface
of tumor cells and functions as an upstream modulator of
MMP-2, which is found to be highly expressed in a number
of cancer types, including gallbladder carcinoma, thyroid
carcinoma, lung squamous cell carcinoma and laryngeal
carcinoma (19-23). The overexpression of CD147 has been
reported in the majority of invasive carcinomas, including
thyroid carcinoma and laryngeal carcinoma, indicating a that
this protein is important in neoplastic progression (24,25).
Yu et al (10) found that overexpression of CD147 was corre-
lated with a highly-invasive phenotype in squamous cell
carcinoma of the uterine cervix. In addition, Zhao et al (26)
identified a significant association between CD147 overex-
pression and poor disease-free and overall survival rates in
patients with prostate cancer, indicating that CD147 is an

independent risk factor for this type of cancer. In line with
previous studies, the results of the present study showed a
significantly increased rate of CD147 overexpression in endo-
metrial tissue samples from patients with EEC, compared with
that in benign tissue samples. Additionally, a significant posi-
tive correlation between the expression of CD147/MMP-2 and
clinicopathological characteristics was demonstrated: CD147
overexpression was associated with lymph node metastasis,
while MMP-2 overexpression was associated with high FIGO
stage, high histological grade and increased myometrial inva-
sion (=50%). Furthermore, the expression of CD147 appears
to be correlated with the expression of MMP-2. These results
suggest that overexpression of CD147 and MMP-2 may be
important in EEC carcinogenesis and progression.

Several studies have suggested that CD147 stimulates
MMP-2 production in addition to promoting tumor angio-
genesis by regulating the expression of vascular endothelial
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Table III. Multivariate survival analysis using Cox proportional hazards model (n=107).
95% CI for Exp (B)
B SE Wald Df Sig. Exp (B) Lower Upper
Histological grade 0.695 0.203 11.718 1 0.001 2.004 1.346 2.984
Lymph node status 1.080 0.334 10.466 1 0.001 2.945 1.531 5.667
CD147/MMP-2  : — - 15.821 3 0.001
CD147/MMP-2(1): — + 0.502 0.329 2.327 1 0.127 1.652 0.867 3.148
CD147/MMP-2(2): + — 1.007 0.325 9.615 1 0.002 2.736 1.448 5.170
CD147/MMP-2(3): + + 1.032 0.309 11.164 1 0.001 2.807 1.532 5.141

Cox regression test: Forward Stepwise (Wald). CI, confidence interval.

growth factor (VEGF) (14,27). Downregulation of CDI147
by specific siRNA has been shown to inhibit the secretion
of MMPs and VEGF, and suppress the invasion of human
glioblastoma cells (28). CD147 also regulates proliferation in
malignant cells through the activation of mitogen activated
protein kinases (MAPKs), including ERK1/2 and p38 (29).
It may also contribute to the multi-drug resistance (MDR)
phenotype through elevating ErbB2 signaling and cell survival
pathways (30). Taken together, these findings imply that CD147
may be a therapeutic target to overcome metastasis and MDR
in cancer. The present study demonstrated that the overexpres-
sion of CD147 and MMP-2 are associated with metastasis and
invasion activities, respectively, and may be a reliable indicator
of poor prognosis. However, the specific mechanism by which
overexpression of CD147 and MMP-2 affect cancer progres-
sion is unclear and requires further investigation.

FIGO stage is a reliable prognostic factor, however, it
cannot perfectly predict the outcome for every individual (31).
With the development of molecular techniques, certain
biological molecules, including CD39 and CD73, have been
shown to be important in diagnosis, prognosis, and treatment
of human EC (32). Previous studies demonstrated the potential
value of CD147 in the prognosis of EC, but its prognostic
power is insufficient (33,34). Therefore, it is necessary to
evaluate a combination of factors to improve the sensitivity
and specificity of cancer prognostic prediction. In the present
study, the predictive value of CD147/MMP-2 co-expression in
the prognosis of EEC was analyzed. The data indicated that
patients with high CD147+/MMP-2+ expression had signifi-
cantly poorer disease free survival compared with patients
with CD147-/MMP-2- expression, based on log-rank tests and
Kaplan-Meier analysis. Furthermore, multivariate analysis
revealed that CD147 and MMP-2 double negative expression,
and CDI147 and MMP-2 double positive expression were inde-
pendent prognostic indicators of survival rate in EEC, and may
serve as potential biomarkers for the prediction of prognosis in
EEC. The combined evaluation of CD147 and MMP-2 expres-
sion may be more convenient and efficient compared with the
current standard prognostic methods.

High levels of ER and PR are considered reliable indi-
cators for a favorable clinical outcomes, and are associated
with lower tumor grades, lower incidence of lymph node
metastases and less myometrial invasion (35). Hormone

therapies are used to treat patients with recurrent or advanced
endometrial cancers, and the best responses are observed in
well-differentiated and steroid hormone receptor positive
tumors (36). In the present study, low expression of ER and
PR was significantly associated with a shorter DSS, and the
expression of CD147 and MMP-2 was inversely correlated
with levels of ER and PR, respectively, in EEC tissues.
Additionally, CD147 and MMP-2 co-expression defined a
subgroup of patients with an aggressive pathological pheno-
type and poor prognosis. Taken together, these findings
suggest that poorly differentiated endometrial cancers may
be associated with steroid hormone deficiency.

In conclusion, the results of the current study suggest that
co-expression of CD147 and MMP-2 may be an independent
prognostic factor for DSS in patients with EEC. This may be
useful in the prediction of prognosis in cases of EEC, and also
aid in the selection of treatment for EEC patients. Further inves-
tigation is required to develop this method and assess its value.
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