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Association of extracellular matrix metalloproteinase inducer
in endometrial carcinoma with patient outcomes and
clinicopathogenesis using monoclonal antibody 12C3
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Abstract. Extracellular matrix metalloproteinase inducer
(EMMPRIN) is a member of the immunoglobulin superfamily
of adhesion molecules and has a role in the activation of several
matrix metalloproteinases (MMPs). We evaluated whether
EMMPRIN expression is related to tumor progression and
patient outcome in human endometrial carcinoma. Paraffin-
embedded surgical tissue samples from 112 patients with
endometrial carcinoma were stained with anti-EMMPRIN
antibody (monoclonal antibody 12C3:MoAb 12C3) for
immunohistochemical analysis. EMMPRIN protein was
expressed in cancerous lesions with the incidence of 97.3%
(109 of 112 cases), but not in normal lesions. The scores
determined by the combination of intensity and pattern of
EMMPRIN staining in cancer cells correlated significantly
with various histopathological risk factors: advanced stage,
P=0.001; poorly differentiated carcinoma, P<0.001; lymph
node metastasis, P=0.002; and lymphatic vessel infiltration,
P=0.027. More importantly, recurrence-free survival was
shortened in patients with higher EMMPRIN scores (HR,
3.08; 95% CI, 1.32-7.19; P=0.01). These results suggest
that measurement of EMMPRIN expression with simple
immunohistochemical staining may enhance the understanding
of the pathophysiology of endometrial carcinoma.

Introduction

Matrix metalloproteinases (MMPs) are endopeptidases that
play critical roles in promoting tumor disease progression,
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including tumor angiogenesis. In many solid tumors, MMP
expression could be attributed to tumor stromal cells and is
partially regulated by tumor-stroma interactions by means of
tumor cell-associated extracellular matrix metalloproteinase
inducer (EMMPRIN) (1). The roles of EMMPRIN and MMPs
in tumor invasiveness have been confirmed immunohisto-
chemically in several types of cancer cells (2-4). Moreover,
research on EMMPRIN in malignant disease has recently
attracted attention, and the expression of EMMPRIN has
been reported to correlate with clinical prognosis of patients
with breast carcinoma (5,6), ovarian carcinoma (7) and other
types of cancer (8-11).

The prognosis for endometrial carcinoma patients with
early clinical stage and well-differentiated carcinoma is
generally satisfactory, but advanced stage and/or poorly
differentiated carcinoma is an aggressive tumor with a poor
prognosis (12-14). It would be beneficial to elucidate the
pathophysiology of endometrial carcinoma concerning tumor
invasiveness and differentiation.

We have established a murine monoclonal antibody
(MoAb) 12C3 (15) that specifically binds to EMMPRIN
protein (8). In the current study, EMMPRIN protein-expression
patterns in endometrial carcinoma were examined immuno-
histochemically using MoAb 12C3 to determine their relation
to clinicopathologic findings and recurrence-free survival.

Materials and methods

Tumor specimens. The Jikei University School of Medicine
Ethics Review Committee approved the study protocol. A
total of 112 endometrial carcinoma operative specimens were
retrospectively obtained at the Jikei University Hospital
(Tokyo, Japan) between January 1998 and March 2003.
Tumors were histologically classified according to the WHO
international system and the clinical cancer staging and the
histological grade were defined according to the International
Federation of Gynecology and Obstetrics (Table I). All of the
112 cases underwent hysterectomy, bilateral salpingo-
oophorectomy and lymphadenectomy (or pelvic lymph node
sampling). No cases received chemotherapy, radiotherapy or
hormone therapy before they underwent operation.
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Table I. Patient characteristics.

n=112

Age (mean + SD, years) 55.3+11.7
FIGO stage®

1 68

II 18

I 21

v 5
Histological type

Endometrioid 101

Serous 4

Mucinous 1

Others 6

“The clinical cancer staging was defined according to the International
Federation of Gynecology and Obstetrics.

Immunohistochemical analysis. For the immunohistochemical
study, formalin-fixed paraffin-embedded sections were used.
Immunostaining was performed using the labeled streptavidin-
biotin peroxidase complex method with the Ventana auto-
immunostaining system (Ventana Japan, Yokohama, Japan).
A murine MoAb 12C3 against EMMPRIN protein was
established as described (8). The antigen retrieval procedure
was performed with a microwave oven in Dako antigen
retrieval solution for 10 min at 95°C to efficiently stain the
sample. The sections (Dako Cytomation, Glostrup, Denmark)
were developed with 3,3'-diaminobenzidine with 0.3% H,0O,
and counterstained with hematoxylin. As a negative control,
pre-immune mouse serum diluted 100-fold with 1% bovine
serum albumin (BSA; Sigma, St. Louis, MO) in 20 mM Tris-
HCI, pH 7.6, 0.5 M NaCl (TBS) was used instead of MoAb.

Results of staining for EMMPRIN in cancerous lesions
were evaluated using the following scoring system. The
intensity of staining was classified into negative (0), weak
(1), strong (2) or very strong (3), and the staining patterns
were classified into negative (0), sporadic (1), focal (2) or
diffuse (3), respectively and the total sum was evaluated.
The examiners were blinded to patient clinicopathologic
information when assigning staining intensity and patterns.
Four investigators (K.U., K.Y., H.T. and M.U.) evaluated
the staining results independently, after which discordant
evaluations were adjusted by connected microscopes and
scored finally.

Statistical analysis. x* tests were used to evaluate the relation-
ship between immunohistochemical scores and several clinico-
pathologic parameters. Survival curves of the patients were
compared using the Kaplan-Meier method and analyzed by
the log-rank test. Cox proportional hazard models were fitted
for univariate and multivariate analysis. All these analyses
were performed using STATA 8.0 (STATA Corp., College
Station, TX).
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Figure 1. Immunohistochemical analysis and typical findings of EMMPRIN
staining (intensity and pattern) in endometrial carcinoma using MoAb 12C3.
EMMPRIN protein was expressed in cancerous lesions but not in normal
lesions including the stromal cells and myometrium. (A) The intensity of
staining was classified into negative (a), weak (b), strong (c), or very strong
(d), respectively (magnification x200). (B) The staining patterns were
classified into negative (), sporadic (b), focal (c), or diffuse (d), respectively
(magnification x100).

Results

Protein expression of EMMPRIN. MAb 12C3 reacted in 109
of 112 cases (97.3%) of endometrial carcinoma. EMMPRIN
protein was expressed in cancerous lesions but not in normal
lesions including the stromal cells and myometrium. Typical
findings of EMMPRIN immunohistochemical staining
(intensity and pattern) of paraffin-embedded specimens are
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Figure 2. Immunohistochemical staining of endometrioid adenocarcinoma
(Stage IIb, well-differentiated adenocarcinoma). EMMPRIN staining inten-
sity was strong in deep cancer lesions with comparative examinations of
serial tissue sections (magnification x100).
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Figure 3. Kaplan-Meier survival curves by scores of EMMPRIN staining.
Patients were grouped into three categories on expression of EMMPRIN: i)
score 0-2; ii) score 3-4; iii) score 5-6. Statistical differences were analyzed
with log-rank test (p=0.0153).

demonstrated in Fig. 1. In some cases, the staining intensity
tended to be strong in deep cancerous lesions compared to
shallow lesions (Fig. 2).

Association between clinicopathogenesis and the scoring
system. The association between clinicopathogenesis and
immunohistochemical scores were evaluated (Table II). The
scores reflecting the intensity and the pattern of EMMPRIN
staining were significantly higher in advanced stage (P=0.001),
poorly differentiated carcinoma (P<0.001), lymph node
metastasis (P=0.002), lymphatic vessel infiltration (P=0.027),
the pathological high-risk group (P<0.001) and patients with
recurrence (P=0.03), respectively.

Survival analyses. Kaplan-Meier analysis on the subgroups
of the scores (0-2, 3-4, 5-6) confirmed the prognostic impact
in endometrial carcinoma (log-rank test, P=0.0153) (Fig. 3).
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Table II. Clinicopathological characteristics of patients by
scores of EMMPRIN staining.

Score 0-2 Score 3-4 Score 5-6 P-value
(%) (%) (%)
Stage 0.001

I 1522) 50 (74) 3 @

11 1 (6) 14 (78) 3(17)

111 1 (5 12(57) 8 (38)

v 0 (O 3 (60) 2 (40)

Grade <0.001

1 16 24) 46 (70) 4 (6)

2 1 3 25(81) 5(16)

3 0 (0 6 (46) 7 (54)
pN® 0.002

0 14 (17) 62 (76) 6 (7)

1 1 () 8 (53) 6 (40)
Lymphatic vessel 0.027
infiltration

(-) 14 (23) 43 (70) 4 (7

(1+) 1 &) 17(68) 7 (28)

2+) 0 (0 8 (73) 327

(3+) 0 (O 4 (80) 1 (20)

Risk® <0.001

Low 16 24) 47 (70) 4 (6)

High 1 2 321 12 (27)
Recurrence 0.03

(-) 16 (17) 68 (72) 10 (11)

+) 1 (6) 11(61) 6 (33)

0, no lymph node metastasis pathologically; 1, lymph node meta-
stasis. PLow-risk patients: no deep myometrial invasion, no uterine
cervical invasion and well-differentiated adenocarcinoma; high-risk
patients, over stage Ic and/or poorly differentiated carcinoma.

Cox hazard regression analyses were applied to determine
the clinicopathological factors associated with recurrence-
free survival using a univariate and multivariate manner
(Table IIT). Univariate Cox regression analyses revealed that
advanced stage, poorly differentiated carcinoma, lymph node
metastasis, lymphatic vessel infiltration, and a high score
group of immunohistochemical scoring were significant
predictors of recurrence-free survival. On the other hand,
multivariate Cox regression analysis showed advanced stage
{hazard ratio, 1.16 [95% confidence interval (CI), 1.08-1.25]}
and poorly differentiated carcinoma [hazard ratio, 2.35 (95%
CI, 1.00-2)] were the only significant poor prognostic factors.

Discussion

In this study, we determined protein expression of EMMPRIN
in cancer cells with immunohistochemical staining, and
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Table III. Univariable and multivariable analyses of factors associated with recurrence-free survival.

Univariable analysis

Multivariable analysis

HR (95% CI) P-value HR (95% CI) P-value
Score 3.08 (1.32-7.19) 0.01 0.53 (0.06-4.45) 0.557
Stage 1.14 (1.08-1.19) <0.001 1.16 (1.08-1.25) <0.001
Grade 3.63 (1.98-6.66) <0.001 2.35 (1.00-5.50) 0.049
Risk 14.67 (3.36-63.93) <0.001 0.03 (0.0001-6.54) 0.199
pN 15.26 (5.18-44.95) <0.001 0.19 (0.01-5.28) 0.326
pM? 7.82 (2.22-27.) 0.001 0.08 (0.002-3.13) 0.175
Positive ascites® 5.53(2.14-14.32) <0.001 1.14 (0.22-5.83) 0.871
Lymphatic vessel infiltration 4.52 (2.66-7.69) <0.001 2.32 (0.81-6.63) 0.117

aDistant metastasis. ®Cancer cells in ascites or peritoneal washings.

investigated the association of this protein expression with
clinicopathologic findings and recurrence-free survival in
112 patients with endometrial carcinoma. EMMPRIN protein
was detected in cancerous lesions but not in normal lesions
including the stromal cells and myometrium. Generally, the
prognosis of low-risk patients with no deep myometrial
invasion, no uterine cervical invasion and well-differentiated
adenocarcinoma is satisfactory (16-18). EMMPRIN expression
was confirmed not only in high-risk patients with higher stage
(over stage Ic) and/or poorly differentiated carcinoma but
also in lower risk patients. However, the scores reflecting the
intensity and the pattern of EMMPRIN staining in cancer
cells were significantly higher in high-risk patients, especially
those with advanced stage, poorly differentiated carcinoma,
lymph node metastasis, and lymphatic vessel infiltration. The
staining scores were associated with recurrence-free survival
and seemed to parallel clinical stage. Among stage I cases,
although the staining scores were not associated with depth
of myometrial invasion statistically, it was notable that the
staining intensity was strong in deep cancerous lesions with
comparative examinations of serial tissue sections. These
results suggested that measurement of EMMPRIN expression
with simple immunohistochemical staining might further
enhance the understanding of the pathophysiology of endo-
metrial carcinoma.

In clinical treatment, it is important to accurately diagnose
surgical staging of endometrial carcinoma by performing
systematic lymphadenectomy in addition to hysterectomy,
and bilateral salpingo-oophorectomy for decisions concerning
adjuvant chemotherapy. However, it is still controversial
whether systematic lymphadenectomy can be omitted from
remedies for low-risk patients with no deep myometrial
invasion and well-differentiated adenocarcinoma. Usually
pre-operative evaluation of endometrial carcinoma is mainly
performed by D&C (dilation and curettage) and imaging
including ultrasonography and MRI (magnetic resonance
imaging), but there is a limit to this procedure in terms of
identification of low-risk cases. We were able to validate the
clinical importance of EMMPRIN expression retrospectively
using 112 clinical paraffin-embedded specimens. In the current

study, while we have not evaluated EMMPRIN expression
using pre-operative endometrial materials, the measurement of
EMMPRIN may serve as an additional tool for endometrial
carcinoma diagnosis including pre-operative evaluation.

MMP expression has been demonstrated to be associated
with cancer infiltration and invasion into vessels, suggesting
that MMP inhibitors may prolong recurrence-free survival by
interfering with tumor infiltration and invasion. In endometrial
carcinoma, MMP-7, a member of the MMP family, has been
reported to be associated with invasiveness, metastatic spread
and poor prognosis (19). Recently, research of EMMPRIN
in malignant disease has increased and the expression of
EMMPRIN has been reported to correlate with clinical prog-
nosis of patients with several malignancies. It has been
reported that expression of EMMPRIN protects cancer cells
from anoikis through inhibition of Bim (20). However, the
molecular mechanisms underlying the actions of EMMPRIN
and relation to MMPs are not fully understood, and no report
has demonstrated blockade of EMMPRIN molecules in
malignant diseases.

As a future direction, MoAb 12C3 may also be useful as a
targeting agent for cancer imaging and/or chemotherapy.
Further investigations are necessary to elucidate EMMPRIN's
function including its relationship with MMP expression in
endometrial carcinoma.
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