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Abstract. Aim: Extracellular matrix metalloprotease inducer (EMMPRIN) expression was demonstrated in several cancers, but
its expression profile in colorectal cancers remains unclear. Epidermal growth factor receptor (EGFR) was reported to regulate
EMMPRIN expression in human epithelial cancers. Our purpose was to determine EMMPRIN expression and its relationship
with EGFR in colorectal cancers.

Methods: Immunohistochemical analysis of EMMPRIN and EGFR was performed in tissue microarray slides of 90 surgical
specimens including 32 well differentiated, 35 moderately differentiated, and 23 poorly differentiated colorectal adenocarcinomas.
Results: All colorectal adenocarcinomas showed significant immunohistochemical expression of EMMPRIN. The EMMPRIN
scores in poorly differentiated (303 &+ 21) and moderately differentiated (326 + 17) colorectal adenocarcinoma were significantly
higher than in well differentiated (166 4 20) colorectal adenocarcinoma. EGFR expression was mainly on the cell surface of
tumor cells and the immunostaining scores of EGFR were significantly associated with the advanced clinical T and N stages. A
significantly positive relationship between EMMPRIN and EGFR immunostaining scores was also noted.

Conclusions: Increased expression of EMMPRIN and EGFR in colorectal adenocarcinomas is associated with clinicopathological
parameters of advanced colorectal adenocarcinoma stages. In addition, the data from this study support the notion that EGFR
expression may up-regulate EMMPRIN expression.
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1. Introduction

Extracellular matrix metalloproteinase inducer
(EMMPRIN/CD147) is a membrane spanning glyco-
protein that belongs to the immunoglobulin superfam-
ily and plays a role in neoplastic metastasis [7,10]. The
expression of EMMPRIN in tumor cells [13] results in
the upregulation of matrix metalloproteinase (MMPs)
at the epithelio-stromal interface [17,20,25]. Studies
have shown that the expression of MMPs by stromal fi-
broblasts in most tumors is correlated with EMMPRIN
expression [20,25]. The EMMPRIN expression has
been demonstrated in certain cancers including breast,
ovary, oral, larynx, esophagus, and lung cancers. How-
ever, EMMPRIN expression in colorectal adenocarci-
noma is still unclear.

Epidermal growth factor receptor (EGFR) is a cell
surface protein that is commonly found in epithelial
cancers [3,9,12]. A prior study showed that the induc-
tion of EMMPRIN in human breast epithelial cells lines
is influenced by EGFR activation [26]. To clarify the
expression profile of EMMPRIN and its relationship
to EGFR expression, we evaluated the expression pro-
files of EMMPRIN and EGFR in surgical specimens of
90 colorectal adenocarcinomas using tissue microarray,
and compared immunostaining scores for EMMPRIN
and EGFR between different histopathological types of
colon cancer.

2. Materials and methods

Paraffin-embedded tissue blocks of resected tumor
specimens were retrieved from the Department of
Pathology, Tri-Service General Hospital. The entired
tumor sections of 90 primary colorectal adenocarcino-
mas were evaluated and classified including 32 well
differentiated (glandular structure >95%), 35 moder-
ately differentiated (glandular structure between 50%—
95%), and 23 poorly differentiated tumors (glandular
structure <50%). The histopathological differentiation
of the colorectal adenocarcinoma was determined ac-
cording to the criteria of WHO classification of tumor.
Although the selected tumors in this study often showed
heterogeneity in differentiation and had variation in ex-
pression of EMMPRIN and EGFR, this variation was
minimized by increasing the case number to more than
60 cases (8). Thus, the probability that results from
one core would correctly represent the whole section is
more than 91% (8).

Table 1
Immunostaining scores of EMMPRIN in colorectal adenocarcinoma

Differentiation Tumor
Intensity % staining Total score

Well (n = 32) 22403 71+£6* 166+ 20*
Moderate (n = 35) 33+£02% 98+ 1* 326 17*
Poor (n = 23) 3.14+02*% 95+4* 303 +21*
Normal epithelia (n =9) 1.540.3 15+7 23+ 14

Data are means = standard error of the mean (SEM) of immunostain-
ing scores for EMMPRIN in colorectal adenocarcinoma. * indicates
significant difference of EMMPRIN expression between tumor and
normal colorectal epithelia (P < 0.05).

Table 2

Immunostaining scores for EGFR in colorectal adenocarcinoma
Differentiation Tumor

Intensity % staining  Total score
Well (n = 32) 1.6 £ 0.2% 58 + 8* 132 £ 22%
Moderate (n = 35) 1.8 £ 0.2* 76 £+ 6* 164 £ 21*
Poor (n = 23) 2.0£0.2% 72 + 8* 159 £ 24*
Normal epithelia 0.8+0.3 25+6 48 + 17

Data are means = standard error of the mean (SEM) of immunostain-
ing score for EGFR in colorectal adenocarcinoma. * indicates sig-
nificant difference of EGFR expression between tumor and normal
colorectal epithelia (P < 0.05).

One core was taken from a selected area of each
paraffin-embedded tumor tissue and tissue microarray
slides were constructed according to previously pub-
lished methods [2,14,16]. Each representative core in
the tissue microarray slide was 2 mm in diameter and
the pathological diagnosis in these cases was reviewed
by at least two experienced pathologists. All the col-
orectal adenocarcinoma cases were classified on the
basis of histological grading and TNM staging. All tu-
mors were pathologically staged according to the 1997
AJCC/TNM system. Normal colon tissues from nine
cases (mean age 54) that included columnar epithelia
were obtained; tissues were taken at least 4 cm from
the neoplasm.

2.1. Immunohistochemistry

Tissue microarray sections were dewaxed in xylene,
rehydrated in alcohol, and underwent antigen retrieval
(0.01 mol/L sodium citrate buffer (pH 6.0) at 100 °C for
30 min) and endogenous peroxidase activity suppres-
sion (immersion in 3% hydrogen peroxide for 5 min).
After 3 rinses (each for 5 min) in phosphate buffered
saline (PBS), sections were incubated for 1 h at room
temperature with a mouse anti-human EMMPRIN an-
tibody (1:100, Santa Cruz Biotechnology, Inc., Santa
Cruz, CA, USA), or mouse anti-human EGFR antibody
(1:50, Neomarker Inc., Freemont, CA, USA) diluted in
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Fig. 1. Hematoxylin and eosin staining of non-neoplastic colorectal epithelia (A), well differentiated (E), moderately differentiated (I), and poorly
differentiated (M) colorectal adenocarcinoma. Immunohistochemical analysis of EMMPRIN in non-neoplastic colorectal epithelia (B, score 17;
C, score 30; and D, score 20), well differentiated (F, score 150; G, score 180; and H, socre 170), moderately differentiated (J, score 300; K,
score 350; and L, score 340), and poorly differentiated (N, score 280; O, score 300; and P, score 330) colorectal adenocarcinoma. Original

magnification X 400.

Fig. 2. Hematoxylin and eosin staining of non-neoplastic colorectal epithelia (A), well differentiated (E), moderately differentiated (I), and
poorly differentiated (M) colorectal adenocarcinoma. Immunohistochemical analysis of EGFR in non-neoplastic colorectal epithelia (B, score
30; C, score 50; and D, score 45), well differentiated (F, score 140; G, score 150; and H, socre 130), moderately differentiated (J, score 150;
K, score 170; and L, score 180), and poorly differentiated (N, score 170; O, score 140; and P, score 180) colorectal adenocarcinoma. Original

magnification X 400.

PBS. After 3 washes (each for 5 min) in PBS, the sec-
tions were incubated with the biotinylated secondary
antibody (1:100, Dako, Glostrup, Denmark) for 40 min.
After 3 rinses in PBS, horseradish-peroxidase conju-
gated streptavidin was added for 20 min at room tem-
perature. The peroxidase activity was developed with

the chromogen DBA (Dako) for 15 min at room tem-
perature and then counterstained with Meyer’s hema-
toxylin.

For evaluation of immunoreactivity and histological
appearance, tissue microarray slides were examined
and scored by two authors concurrently, and the av-



312 J.-S. Jin et al. / EGFR and EMMPRIN in colorectal cancer

erage immunostaining scores of two pathologists were
recorded. Ifdiscrepancy (in 3 cases) occurred, the third
pathologist’s opinion was included. Slides with more
than 50% of the tissue detached during the immuno-
histochemistry process were not scored. The inten-
sity of membranous and cytoplasmic immunostaining
of EMMPRIN was scored on a scale of 0 (no staining)
to 4 (strongest intensity), and the percentage of cells at
each staining intensity was estimated. The percentage
of cells at each intensity (0 to 100) was multiplied by
the corresponding intensity value (0 to 4), and these
products were added to obtain an immunostaining score
ranging from 0 to 400.

2.2. Statistical analysis

All results are expressed as mean =+ standard er-
ror of the mean (SEM). The immunostaining scores of
EMMPRIN and EGFR of colorectal adenocarcinoma
were compared with the score of normal colon epithe-
lia. Statistical analysis was performed using the Stu-
dent ¢-test between groups. A P value less than 0.05
was considered to be statistically significant. One-
way analysis of variance (ANOVA) was used to de-
termine statistical significance among different types
of colon cancer. SigmaState software (Jandel Scien-
tific, San Rafael, CA, USA) was used to perform lin-
ear regression testing to analyze the relationship be-
tween EMMPRIN or EGFR immunostaining score and
clinicopathological parameters.

3. Results

3.1. EMMPRIN expression in colorectal
adenocarcinoma

Tissue specimens from 32 well differentiated, 35
moderately differentiated and 23 poorly differentiated
colorectal adenocarcinomas were scored for EMM-
PRIN. The intensity and percentage of positively im-
munostained cells in the colon adenocarcinoma are
shown in Table 1 and Fig. 1. Significant increase im-
munostaining scores of EMMPRIN were noted in colon
adenocarcinoma when compared to non-tumor epithe-
lia (166 = 20 for well differentiated, 326 4 17 for mod-
erately differentiated, and 303 £ 21 for poorly differ-
entiated adenocarcinomas, Fig. 1 and Table 1).
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Fig. 3. Immunostaining scores of EMMPRIN (A) and EGFR (B)
in well differentiated, moderately differentiated, and poorly differ-
entiated colorectal adenocarcinoma. * indicates statistical signifi-
cance comparing to well differentiated colorectal adenocarcinoma
(p < 0.05).

3.2. EGFR expression in colorectal adenocarcinoma

Specimens from 32 well differentiated, 35 moder-
ately differentiated, and 23 poorly differentiated col-
orectal adenocarcinomas were scored for EGFR (Ta-
ble 2 and Fig. 2). Significantly increased EGFR im-
munostaining score was noted in colon adenocarci-
noma when compared to non-tumor epithelia (132 +
22 for well differentiated, 164 4+ 21 for moderately
differentiated, and 159 + 24 for poorly differentiated
adenocarcinomas).

The immunostaining scores of EMMPRIN were
significantly higher in moderately differentiated and
poorly differentiated colorectal adenocarcinoma com-
pared to well differentiated colorectal adenocarcinomas
(Fig. 3A). There was no significant difference in EGFR
immunostaining score between different histopatho-
logical differentiations of colorectal adenocarcinoma
(Fig. 3B).
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Fig. 4. Clinicopathological correlations with EMMPRIN immunostaining scores in colorectal adenocarcinoma. No statistical significance of

linear regression testing was reached.
3.3. Clinicopathological association

Linear regression testing to determine the relation-
ship between the immunostaining scores of EMMPRIN
and the clinical TNM stages of tumors found no signif-
icant association between the immunostaining scores
of EMMPRIN and clinical TNM stages (Fig. 4).

Linear regression testing was performed to analyze
the relationship between the EGFR immunostaining
score and TNM stage. The EGFR immunostaining
score was significantly positively correlated with the T
and nodal (N) stages but not with the M stage (Fig. 5).

3.4. Correlation between EGFR and EMMPRIN
expression

The correlation between EGFR immunostaining
scores and EMMPRIN immunostaining scores is shown
in Fig. 6. Significantly higher EGFR immunostain-
ing score was associated with elevated EMMPRIN im-
munostaining score in colorectal adenocarcinoma.

4. Discussion

We have demonstrated for the first time that EMM-
PRIN and EGFR are over-expressed in colorectal ade-
nocarcinomas. Increased expression of EMMPRIN

and EGFR in colorectal adenocarcinomas is associated
with clinicopathological parameters of advanced col-
orectal cancer stages. In addition, increasing EGFR
expression may up-regulate EMMPRIN expression in
colorectal adenocarcinoma.

Our current study was designed using tissue microar-
ray. One potential limitation of tissue microarray is the
correct representation of each tumor with the level of
heterogeneity. However, a study has demonstrated that
when the number of cases is increase to more than 54
cases in tissue microarray preparation, the probability
that results from one core would correctly represent
the whole section was more than 91% [8]. In previ-
ous studies, immunohistochemical quantitation varied
between cases because immunostaining intensity was
affected by changes in environmental or amplification
conditions. The tissue microarray technique eliminated
this problem by permitting simultaneous analysis of all
tumor tissue samples on the same slide [21]. Thus, a
large number of samples assayed under the same con-
ditions in a single tissue microarray could be evaluated
in a quantitative fashion [2,14,16,23] and more reliably
than individual tissues assayed one at a time.

The EGFR is a family of four cell membrane re-
ceptors (Erbl~Erb4) [4]. Each of these cell surface
proteins has an extracellular ligand binding domain, a
transmembrane domain, and an internal domain with
tyrosine kinase activity [4]. Activation by ligands (such
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Fig. 5. Clinicopathological correlations with EGFR immunostaining scores in colorectal adenocarcinoma. * indicates statistical significance of

linear regression testing (p < 0.05).
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Fig. 6. Correlation of EGFR immunostaining scores with EMMPRIN
immunostaining scores in colorectal adenocarcinoma. * indicates
statistical significance of linear regression testing (p < 0.05).

as epidermal growth factor) leads to EGFR dimeriza-
tion and autophosphorylation, initiating a cascade of
cellular events known as the signal transduction path-
way [1,4]. This process results in increased rate of
cell division and influences other aspects of malignant
progression [15].

A previous study showed that expression of EMM-
PRIN was up-regulated by EGFR activation, and down-

regulated by antisense EGFR RNA in human breast
epithelial cells [26]. Overexpression or autoactivation
of EGFR in tumor cells may induce the expression
of EMMPRIN which subsequently stimulates the pro-
duction of matrix metalloproteinases and thereby tu-
mor progression and metastasis [10,20,25]. Recently,
the EGFR tyrosine kinase inhibitors and monoclonal
antibodies against EGFR were developed as new tar-
geted anti-cancer agents for treatment of metastatic col-
orectal adenocarcinoma [15,24]. In the present study,
higher EGFR immunostaining scores were positively
correlated with EMMPRIN immunostaining scores in
colorectal adenocarcinoma. Our findings are consis-
tent with the conclusion that EGFR contributes to the
molecular pathogenesis of colorectal cancer by increas-
ing cancer cell invasion through up-regulation of EMM-
PRIN.

EMMPRIN is expressed in breast cancer [5,22], T-
cell lymphoma [19], ovarian cancer [6], laryngeal can-
cers [11], esophageal squamous cell carcinoma [28],
lung cancers [27] and bladder cancers [18]. In the
present study, EMMPRIN was widely expressed on the
cell surface of colorectal adenocarcinoma cells, min-
imally expressed in normal colorectal epithelia, and
significantly more expressed in advanced histopatho-
logical grade (moderately and poorly differentiated)
colorectal adenocarcinomas. Therefore, EMMPRIN
might play a role in colorectal adenocarcinoma pro-
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gression to advanced histolopathological grade. More
effort will be directed at elucidating its role in tumor
dedifferentiation and progression.

In conclusion, we demonstrate for the first time that
EMMPRIN is overexpressed in colorectal adencarci-

nomas.

Increasing expression of EMMPRIN corre-

lates with advanced histopathological stage of colorec-
tal adenocarcinoma, and the data from this study sup-
port the notion that EGFR expression may up-regulate
EMMPRIN expression.
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