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Abstract. Aims and background: The aim of the present study was to analyze the expression of matrix metalloproteinase-9
(MMP9) in endometrial cancer and its correlation with clinicopathologic features in Chinese patients, including the survival of
patients with endometrial cancer.
Methods: Using immunohistochemistry analysis, we analyzed MMP9 protein expression in clinicopathologically characterized
128 endometrial cancer (EC) cases with age ranging from 30 to 85 years (median = 51.6 years) and 30 endometrial atypical
hyperplasia (EAH) and 30 normal endometrium (NE). Cases with greater than or equal to 6 and less than 6 with the score value
of cytoplasmic MMP9 immunostaining were regarded as high expression and low expression, respectively. The relationship
between the expression levels of MMP9 and clinical features was analyzed in EC cases.
Results: Immunohistochemical analysis revealed that the protein expression of MMP9 detected in EC tissues was higher than
that in the EAH tissues and NE tissues (P = 0.006). In addition, high levels of MMP9 protein were positively correlated with
the status of lymph node metastasis (P = 0.044) and the histopathological grade (P < 0.05) of EC patients. Patients with higher
MMP9 expression did not correlate with EC patients’ clinical outcome in China. Multivariate analysis suggested that status of
lymph node metastasis and depth of myometrial invasion, but not MMP9 expression level, were significantly correlated with
patients’ survival.
Conclusion: MMP9 is highly expressed in ECs and correlates with the progression of ECs, but not be helpful in predicting the
prognosis of EC patients.
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1. Introduction

Endometrial carcinoma represents themost frequent-
ly diagnosed malignancy of the female genital tract
worldwide, but incidence varies among different coun-
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tries [1]. The disease often causes abnormal bleeding
as a first symptom and is therefore usually detected in
its early stages (FIGO stage I).When diagnosed at early
stages of the disease, this type of cancer is a highly cur-
able malignancy with a 5-year relative survival rate of
more than 80% [2]. However, there are a group of pa-
tients with a high risk of cancer recurrence ormetastatic
spread.

MMP9, a member of the matrix metalloproteinases
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(MMPs), plays a critical role in breakdown of extracel-
lular matrix in normal physiological processes, such as
embryonic development, reproduction, and tissue re-
modeling, as well as in disease processes, such as tu-
mor metastasis [3]. MMP9 is secreted from cells and,
once activated, is thought to degrade collagen in the
extracellular matrix, which promotes the metastasis of
tumor cells [4].

So far, there have been a few studies concerning
MMPS in endometrial cancer [5–10]. In the previ-
ous studies, researchers had demonstrated that MMP9
was over-produced in human endometrial carcinomas
as compared with control non-carcinoma endometrial
tissues. However, some issuses were still controversial
about MMP9 expression correlated to clinicopatholog-
ic features in endometrial cancer, including the prog-
nostic value of MMP9. Therefore, the aim of this work
was to study the connections between gelatinase ex-
pression and the clinicopathologic features in Chinese
patients with EC, including the survival of patients. We
found that the protein expression levels of MMP9 were
higher in EC tissues than those in non-cancerous en-
dometrial tissues (EAHs and NEs). Furthermore, the
level of MMP9 protein expression was correlated with
the progression, but no associationwith overall survival
of EC patients.

2. Materials and methods

2.1. Sample collection

From 2002 to 2007, formalin-fixed and paraffin em-
bedded samples of 30 normal endometria, 30 samples
of endometrial atypical hyperplasia and 128 samples
of endometrioid carcinoma were obtained in the Third
Affiliated Hospital of Guangzhou Medical School,
Guangzhou City, China. None of the 128 patients with
endometrioid carcinoma received chemotherapy or ra-
diotherapy before surgery, which consisted of peri-
toneal cytology, total hysterectomy, bilateral salpingo-
oophorectomy, and pelvic and para-aortic lymph node
sampling when necessary. In the 128 EC cases, the me-
dian age of the patients was 51.6 years (range from 30
to 85). The clinical follow-up time of patients ranged
from 48 to 108 months. For the use of these clinical
materials for research purposes, prior consents from
the patients and approval from the Ethics Committees
of this hospital were obtained. All specimens had con-
firmed pathological diagnosis and were staged accord-
ing to the FIGO 2009.

2.2. Immunohistochemistry

Paraffin sections (3 μm) from samples of 128 EC
and 30 EAH and 30 NE specimens were deparaffinized
in 100% xylene and re-hydrated in descending ethanol
series (100%, 90%, 80%, 70% ethanol) and water ac-
cording to standard protocols. Heat-induced antigen re-
trieval was performed in 10 mM citrate buffer for 2 min
at 100◦C. Endogenous peroxidase activity and non-
specific antigenwere blockedwith peroxidase blocking
reagent containing 3% hydrogen peroxide and serum,
followed by incubation with goat anti-human MMP9
antibody (1:100) (Sc6840, Santa, MA, USA) for 1 h
at 37◦C. After washing, the sections were incubated
with biotin-labeled rabbit anti-goat antibody for 10 min
at room temperature, and subsequently were incubat-
edwith streptavidin-conjugatedhorseradish peroxidase
(HRP) (Maixin Inc, China). The peroxidase reaction
was developed using 3, 3 diaminobenzidinechromogen
solution in DAB buffer substrate. Sections were visu-
alized with DAB and counterstained with hematoxylin,
mounted in neutral gum, and analyzed using a bright
field microscope.

2.3. Evaluation of staining

The immunohistochemically stained tissue sections
were reviewed and scored separately by two patholo-
gists blinded to the clinical parameters. The staining
intensity was scored as previously described [11,12].
The extent of the staining, defined as the percentage
of positive staining areas of tumor cells or normal na-
sopharyngeal epithelial cells in relation to the whole
tissue area, was scored on a scale of 0 to 4 as the fol-
lowing: 0, < 10%; 1, 10–25%; 2, 26–50%; 3, 50–
75%; and 4, >76%. The sum of the staining intensity
and staining-extent scores was used as the final stain-
ing score for MMP9 (0–7). For statistical analysis, a
final staining scores of 0–5 and 6–7 were respectively
considered to be low and high expression.

2.4. Statistical analyses

All statistical analyses were performed using SPSS
13.0 software. The χ2 test was used to analyze the re-
lationship between the levels of MMP9 expression and
clinicopathologic characteristics. Survival curves were
plotted using the Kaplan-Meier method and compared
using the log-rank test. The significances of various
variables in survival were analyzed using multivariate
cox proportional hazards model. A P value of less than
0.05 was considered statistically significant.
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Fig. 1. Kaplan-Meier plots of overall survival duration in patients with EC. MMP9 protein expression in EC and EAH and NE samples(A): a:
Weak expression of MMP9 in NE sample; b: Weak expression of MMP9 in EAH sample; c: Strong staining of MMP9 in EAH samples; d:
Negative expression of MMP9 in EC samples(original magnification 400×); e–g:Strong staining of MMP9 in EC samples (original magnification
400×). h: H&E staining in EC samples. Kaplan-Meier survival analysis of overall survival duration in 128 EC patients according to MMP9
protein expression (B): The log-rank test was used to calculate p values.

3. Results

3.1. Immunohistochemical analysis of MMP9 protein
expression in endometrial cancer, endometrial
atypical hyperplasia (EAH) and normal
endometrium (NE) tissues

We measured the expression levels and subcellu-
lar localization of MMP9 protein in 128 archived
paraffinembedded EC samples, 30 EAH samples and
30 NE samples using immunohistochemical staining
(Fig. 1A–G). Specific MMP9 protein staining was
found in the cytoplasm of non-cancerous and malig-

nant epithelial cells. Furthermore, we observed that
in 42.2% (54/128) of EC samples, MMP9 protein was
highly expressed. In comparison, highly expressed
MMP9 protein of EAH and NE samples was 26.7%
and 16.7%, respectively, which was significantly lower
than that in the EC samples (P = 0.006) (Table 1).

3.2. Relationship between clinicopathological
characteristics and MMP9 expression
endometrial cancer in patients

The relationships between clinicopathological char-
acteristics and MMP9 expression levels in individuals
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Table 1
Protein expression of MMP9 in normal endometrium (NE), en-
dometrial atypical hyperplasia (EAH) and endometrial cancer (EC)
samples

Protein expression

Group Cases Low expression High expression P value

NE 30 25 (83.3) 5 (16.7)
EAH 30 22 (73.3) 8 (26.7)
EC 128 74 (57.8) 54 (42.2) 0.006

Table 2
Clinicopathologic characteristics of patient samples and
expression of MMP9 in EC

N (%)

Age (y)
< 50 42 (32.8)
>
= 50 86 (67.2)

Menopausal status
Premenopausal 69 (53.9)
Postmenopausal 59 (46.1)

FIGO stage
I–II 108 (84.4)
III 20 (15.6)

Histological grading
G1 56 (43.8)
G2 57 (44.5)
G3 15 (11.7)

Depth of myometrial invasion
< 50% 91 (71.1)
>
= 50% 37 (28.9)

Histologic subtype
Endometrioid adenocarcinoma 99 (77.3)
Serous papillary 4 (3)
Adenoacanthoma 5 (4)
Adenosquamous 19 (14.8)
Clear cell 1 (0.9)

Lymph node status
Negative 111 (86.7)
Positive 17 (13.3)

Expression of MMP9
Low expression 74 (57.8)
High expression 54 (42.2)

with endometrial cancer are summarized in Table 2. We
did not find a significant association of MMP9 expres-
sion levels with patient’s age, menopausal status, FI-
GO stage, and depth of myometrial invasion in 128 EC
cases. However, we observed that the expression level
of MMP9 was positively correlated with the status of
lymph node metastasis (Negative vs. Positive) (P =
0.044), and histopathological grade (G1 vs. G2 vs. G3)
(P < 0.05) in EC patients (Table 3).

3.3. Survival analysis

To investigate the prognostic value of MMP9 expres-
sion for endometrial cancer,we assessed the association
between the levels of MMP9 expression and patients’

survival using Kaplan-Meier analysis with the log-rank
test. In 128 EC cases with prognosis information, we
observed that the level ofMMP9 protein expressionwas
not correlated with the overall survival of EC patients
(Fig. 1B). In addition, we performed multivariate anal-
ysis of the levels of MMP9 protein expression adjust-
ed for age, family history of tumor, education, Health
Insurance(there are Medicare patients whose 80% of
their medical expenses would be paid by the Govern-
ment), career, menopausal status, FIGO stage, histo-
logical grading, depth of myometrial invasion, lymph
node status, complications (including high blood pres-
sure or diabetes mellitus or heart disease), histologic
subtype, postoperative irradiation, chemotherapy, and
hormone therapy of EC patients. The results showed
that status of lymph node metastasis and depth of my-
ometrial invasion, but not MMP-9, were significantly
correlated with patients’ survival (P = 0.040, P =
0.030, respectively) (Table 4).

4. Discussion

Ninety-seven percent of all cancers of the uterus
arise from the glands of the endometrium and are
known as endometrial carcinomas [13]. A multi-step
endometrial carcinogenesis involving coordinated in-
tervention of hormonal regulation, gene mutation, ad-
hesion molecules, apoptosis, imbalance between met-
alloproteinases (MMPs), and tissue inhibitors of MMPs
(TIMPs) is currently accepted [14]. It is the most cur-
able of the 10 most common cancers in women and the
most frequent and curable of the gynecologic cancers
when found early. The majority of the EC deaths at-
tribute to tumor metastases rather than primary tumors.
However, the molecularmechanism of EC invasion and
metastasis remains incompletely understood.

In some of the previous studies, increased amount or
activity of MMP9 had been found by different methods
(sandwich immunoassay, zymography, ELISA, and in
situ hybridization for mRNA) in cancer-affected en-
dometrium compared to a benign one [5,10,14,15].
This is in accordancewith their study, we found that the
levels of MMP9 were higher in EC tissues than those
in non-cancerous endometrial tissues including EAHs
and NEs by immunohistochemistry assay, suggesting
that MMP9 was involved in the pathogenesis of EC.

MMP9 is a Zn2+ dependent endopeptidase that
mediates the degradation of extracellular matrix pro-
tein [3], and is associated with tumor invasion and
metastasis [16,17]. It is synthesized and secreted in
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Table 3
Correlation between the clinicopathologic characteristics and expression of MMP9
protein in EC

MMP-9 (%)
Characteristics N High expression Low expression P

Age
< 50 42 2 (52.4%) 20 (47.6%) 0.386
>
= 50 86 52 (60.5%) 34 (39.5%)

Menopausal status
Premenopausal 69 37 (53.6%) 32 (46.4%) 0.301
Postmenopausal 59 37 (62.7%) 22 (37.3%)

FIGO stage
I–II 108 65 (60.2%) 43 (39.8%)
III 20 9 (45%) 11 (55%) 0.208

Histological grading
G1 56 38 (67.9%) 18 (32.1%) 0.044
G2 57 31 (54.4%) 26 (45.6%)
G3 15 5 (33.3%) 10 (66.7%)

Depth of myometrial invasion
< 50% 91 56 (61.5%) 35 (38.5%) 0.182
>
= 50% 37 18 (48.6%) 19 (51.4%)

Lymph node status
Negative 111 68 (61.3%) 43 (38.7%)
Positive 17 6 (35.3%) 11 (64.7%) 0.044

Table 4
Summary of univariate and multivariate Cox regression analysis of overall survival duration

Univariate analysis Multivariate analysis
Parameter P HR 95%CI P HR 95%CI

Age
< 50 vs. >

= 50 0.652 0.354
Family history of tumor
Negative vs. Positive 0.353 0.486
Education
< graduation vs. >

= graduation 0.801 0.710
Health Insurance
No vs. yes 0.230 0.359
Career
<
=Worker vs. Worker 0.274 0.861
Menopausal status
Premenopausal vs. Postmenopausal 0.971 0.398
complications
with vs. without 0.350 0.156
FIGO stage
I vs. II vs. III � 0.001 2.816 1.595–4.973 0.404
Histological grading
G1 vs. G2 vs. G3 0.021 2.517 1.147–5.523 0.231
Histologic subtype
Endometrioid adenocarcinoma vs. others 0.141 0.975
Lymph node status
Negative vs. Positive � 0.001 9.760 3.376–28.214 0.040 79.073 1.211–5.165
Depth of myometrial invasion
< 50% vs. >

= 50% � 0.001 6.076 2.010–18.370 0.030 4.569 1.155–18.006
MMP expression
Low expression vs. High expression 0.271 0.773
Postoperative irradiation
with vs. without 0.153 0.249
Postoperative chemotherapy
with vs. without 0.013 4.162 1.356–12.776 0.272
Postoperative hormone therapy
with vs. without 0.278 0.892
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monomeric formas zymogen, and belongs to the gelati-
nase subgroup. Increased expression of MMP9 is usu-
ally seen in invasive and metastatic cancers such as
colorectal cancer [18], gastric carcinoma [19], pancre-
atic carcinoma [20], breast cancer [21], and oral can-
cer [22]. The levels of MMP9 expression have also
been found to be increased in nasal NK/T-cell lym-
phoma [23], malignant astrocytomas, carcinomatous-
meningitis, and brain metastases [24]. In this study, we
also found that MMP9 overexpressionwas significantly
associated with lymph node metastasis and histopatho-
logical grade of EC patients. Overexpressed MMP9 in
EC may accelerate tumor growth by inducing angio-
genesis and enhance local cell invasion and metastasis
by degrading the extracellular matrix. Our results may
indicate that MMP9 plays significant roles in endome-
trial cancer progression, including tumor invasion and
metastasis. These results were analogous to Di Nezza
et al. and Aglund et al.’s reports [7] but inconsistent
with Honkavuori et al.’s investigation. Di Nezza et al.
used immunohistochemistry assay in EC tissues to find
MMP9 staining scores in tumor cells were significant-
ly associated with the presence of myometrial invasion
and vascular/lymphatic invasion. Furthermore,Aglund
et al. showed that increased expression of MMP9 pro-
tein was associated with histologic grade and clinical
stage. However, in the study of Honkavuori et al., they
did not find any correlations between MMP9 immunos-
taining and conventional prognostic indicators of en-
dometrial cancer. The discrepancy between our data
and Honkavuori et al.’s data would be most likely due
to the different samples sources.

Survival analyses for MMP9 expression have been
done in endometrial carcinoma in previous studies [5,
6,8,25], however, the role of MMP9 in tumor devel-
opment and progression remains to be unclear. In the
present study, we presented the evidence that MMP9
protein expression in endometrial carcinoma was not
correlated with patient’s overall survival. These re-
sults were in accordance with previous report [6,8,25].
Aglund et al. used immunohistochemistry assay in en-
dometrial carcinoma tissues to observe that a positive
MMP9 staining seemed to predict a poorer outcome
of the disease compared to a negative staining, but it
was not statistically significant (P = 0.25). One ex-
planation for the phenomenon could be that death was
relatively infrequent in the present study due to the
fact that endometrial carcinoma is generally a relatively
low-risk malignancy.

Finally, we also performed univariate and multivari-
ate analyses for the detailed factors including clin-

icopathological characteristics, family history of tu-
mor, education, Health Insurance, career, complica-
tions, histologic subtype and postoperative therapy so
far that might exert effects on prognosis of endometrial
carcinoma patients. Our results demonstrated that in-
creased expression of MMP9 protein was not a signif-
icant predictor of poor prognosis for EC patients, but
depth of myometrial invasion and lymph node status
were a statistically significant predictor of survival in a
5-year period. We observed that patients with greater
than or equal to 50% with the depth of myometrial in-
vasion or lymph node metastasis had a poorer outcome
than that of control group, which suggested that depth
of myometrial invasion and lymph node status might
guide therapeutic decisions in endometrial carcinoma.

5. Conclusion

In summary, our study demonstrated that the ex-
pression level of MMP9 was significantly increased in
endometrial carcinoma and correlated with the malig-
nant status of EC. Furthermore, our data suggested that
MMP9 did not correlate with EC patients’ clinical out-
come in China. Yet, due to the limited sample size
of patients in our investigation, further studies would
be needed to verify these findings, such as increasing
sample size of patients to verify our results and im-
porting MMP9 gene into endometrial cancer cell lines
and observing the effects of MMP9 on cell prolifer-
ation, migration, invasion, and metastasis in vitro as
well as the rate of tumorigenesis and survival time of
nude mice with transplanted tumor in vivo. Finally,
our investigation also indicated the possibility for depth
of myometrial invasion and lymph node status guiding
therapeutic decisions in endometrial carcinoma.
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