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Abstract

Background
There is a need for informative molecular 

markers that provide prognostic information 
over and above that given by conventional 
pathologic parameters. This study examined 
the expression and potential prognostic value 
of c-MET in colorectal adenocarcinoma. 

Material and Methods
Two-hundred and thirty cases were 

evaluable after tissue microarray construction 
and evaluated for c-MET expression by 
immunohistochemistry. The results were 
correlated with standard clinicopathologic 
prognostic factors. Cases were followed up for 
5 years.

Results
c-MET was highly expressed in 138 of 230 

cases (60%). In normal tissues a negative or 

weak reaction was observed. Significantly 
higher c-MET expression was found in the 
metastatic group (p=0.04). No significant 
association was found in relation to age, sex, 
tumor site, tumor size, histological type, or 
tumor grade (p > 0.05). The 5-year disease 
free survival for patients with low levels of 
expression was significantly higher than that 
for patients with high levels (64% versus 45%, 
p=0.04).

Conclusion
c-MET seems to be a valuable biomarker in 

colorectal adenocarcinoma; overexpression is a 
useful prognostic indicator for metastasis and 
patient outcome.
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Introduction
Worldwide colorectal carcinoma (CRC) is one 

of the most common gastrointestinal malignancy 
afflicting over one million individuals annually. 
It is the third most common malignancy and 
the second leading cause of cancer deaths in 
the western world (1,2). The presence of lymph 
node metastasis indicates that only 30% of 
patients survive for five years, and for those with 
hepatic metastasis, life expectancy is severely 
limited (3). The fact that the metastatic process 
is directly linked to patient survival necessitates 
the search of molecular biomarkers for the early 
identification of tumors with elevated metastatic 

propensity. This endeavor is further supported 
by the notion that, in principle, prognostic 
biomarkers can also act as predictors of response 
to targeted treatments.

Among a plethora of tumoral markers, the 
activity of mesenchymal-epithelial transition 
factor, a proto-oncogene, that encodes a protein 
MET, known as MET hepatocyte growth factor 
receptor (HGFR) is believed to be particularly 
important in cancer prognosis. The c-MET 
gene has been mapped to chromosome 7 at 
a subtelomeric position on the q-arm (4) and 
encode a 190 kD glycoprotein composed of 
a 50kD extracellular α-subunit and a 145 kD 
transmembrane β-subunit. Signaling events 
initiated by MET include autophosphorylation on 
tyrosine residues in the COOH-terminal domain 
followed by the phosphorylation of downstream 
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signaling molecules, including mitogen-activated 
protein kinase (MAPK), phosphatidylinositol 
3-kinase (PI3K)-AKT,  v-src sarcoma (Schmidt-
Ruppin A-2) viral oncogene homolog (SRC), 
signal transducer and activator of transcription 
(STAT) signaling pathways (5,6,7,8). Under normal 
conditions such activation evoke a variety of 
pleiotropic biological responses in embryological 
development, wound healing, tissue 
regeneration, and morphogenic differentiation 
(9,10,11). However, under pathological conditions 
improper activation may confer proliferative, 
survival, and invasive abilities (12,13).

Deregulation and the consequent aberrant 
signaling of c-MET may occur by different 
mechanisms including gene amplification, 
overexpression, activating mutations,  increased 
autocrine or paracrine ligand-mediated 
stimulation, and interaction with other active 
cell-surface receptors(14). Transgenic mice 
overexpressing c-MET have been reported to 
spontaneously develop carcinoma, and when 
the transgene was inactivated, tumor regression 
was noted (15).  Several studies have shown 
amplification or overexpression of c-MET in 
cancer cells including CRC (16,17).

To further investigate the clinical impact of 
c-MET expression in human CRC we utilized 
immunohistochemistry in a series of 230 CRC 
samples.

 Materials and Methods

tissue samples
Of the 280 cases of primary colorectal 

adenocarcinoma diagnosed between 1995 and 
2003 at the National Cancer Institute, Cairo 
University, Private Practice, and Tanta Cancer 
Center, 230 cases were evaluable after array 
construction. All patients underwent potentially 
curative tumor resection. Histological types and 
grading were reviewed and classified according 
to WHO classification criteria, and the disease 
stage was determined according to TNM staging 
system(18).

array construction
Hematoxylin and eosin (H&E) tissue sections 

of formalin-fixed paraffin-embedded tissue were 

used as a guide to select the regions for sampling. 
Tissue microarray (TMA) was assembled using 
a commercially available manual tissue puncher/
arrayer (Beecher Instruments, Silver Spring, 
MD, USA). First a hole in the recipient TMA 
block was made, and then a cylindrical 0.6 mm 
core sample from the donor tissue block was 
obtained and deposited into TMA block at a 
distance of 1mm between each core. Four cores 
were punched from each donor block to minimize 
the number of cases that were inevaluable due 
to tissue loss and to increase concordance rates 
among different cores following previous reports 
on the value of multiple core analysis(19).

As a control, tissue cores taken from paraffin 
blocks of non-neoplastic mucosa of 10 patients 
undergoing surgery for non-malignant conditions 
were additionally arrayed on each block.

A tape–based tissue transfer system (marketed 
by Instrumedics, Hackensack) was used for 
cutting array sections. An adhesive tape was 
placed on the face of the section before cutting. 
Then the tape was removed with the section on it 
and placed on special slides with adhesive-coated 
surfaces. The section was ultravioletly cross-
linked to the slide before the tape was removed 
with a special degreasing reagent included in the 
package. For each block, H&E slides were cut to 
verify tumor cell content. 

immunohistochemistry
Sections were de-paraffinized, rehydrated 

in a series of graded alcohols, and processed 
using avidin-biotin immunoperoxidase methods 
for c-MET antibody (polyclonal rabbit 1:250, 
Zymed Laboratories, South San Francisco, CA). 
Antigen retrieval was performed by microwave 
pretreatment in 0.01 M citrate buffer (pH 6.0). 
Manufacturer’s protocol was followed. The 
primary antibody was applied and incubated 
overnight at 4ºC in a humidified chamber and 
after 3 washes in PBS, the secondary antibody 
and avidin-biotin complex were applied to 
slides. Diaminobenzidine (DAB) was used as 
a chromogen and sections were counterstained 
using Mayer’s hematoxylin. Results were 
scored by estimating the tumor cells showing 
cytoplasmic/membraneous staining. The positive 
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reaction was scored into four grades according 
to the intensity of the staining: Negative=0, 
weak=1+, moderate=2+, and strong=3+ (20). 
The cases were stratified into two groups; low 
(0 and weak) and high (moderate and strong 
immunopositivity). The extent of staining 
(percentage of cells staining) was, for the most 
part, homogeneous within each 0.6 mm core and, 
therefore, was not included as a variable. All 
sections were scored without knowledge of the 
clinicopathologic features or clinical outcome.

Statistical analysis
Disease–free survival was calculated as the 

interval between diagnosis and relapse, death, or 
last follow-up. Follow-up ranged from 3 to 60 
month with a mean follow-up of 16 months.

The computer software StatView (Abacus 
Concepts, Inc.) was used for analysis. 
The relationship  between c-MET and 
clinicopathologic data was analyzed using  
chi- square and Fisher exact test whenever 
appropriate. Disease-free survival was 
determined using the Kaplan-Meier product 
limit method (21). All p values were two tailed and 
a p value of <0.05 was considered significant.

Results

Clinical and pathological characteristics
• Patients were of mean age 47 years 

(SD±14; range 18-83 years). 
• One-hundred and fourteen cases (49.6%) 

were males, and 116 cases (50.4%) were 
females (Table 1). 

• There were 113 (49.1%) colonic and 117 
(50.9%) rectal cancers. One-hundred 
and eighty-three cases (79.6%) were of 
conventional adenocarcinoma (79.8% 
grade 2, and 20.2% grade 3), 40 cases 
(17.4%) were mucinous, and 7 cases (3%) 
were signet-ring adenocarcinoma.

• According to TNM staging system, 6 cases 
(2.6%) were of stage I, 115 cases (50%) 
stage II, 104 cases (45.2%) stage III, and 5 
cases (2.2%) stage IV. 

frequency of expression of c-Met and 
correlation with clinicopathological factors

Table 1: Clinicopathologic features of the studied cases

Immunohistochemistry for c-MET revealed 
positive brown signals in most CRC tissue 
sections.  High expression (2+ and 3+) was 
demonstrated in 60% of tumors (Figure 1). 
In normal control mucosa a weak or negative 
reaction was detected. 

Table 2 shows the correlation between c-MET 
expression and clinicopathological factors.  A 
statistically significant difference (p= 0.04) was 
found in relation to metastatic tumors. Age, 
gender, tumor site, tumor size, histological 
type, and degree of differentiation were not 
significantly correlated with c-MET expression 
(p > 0.05).

Prognostic analysis
Follow-up data were available for 120 

patients, none of whom had died in the post-
operative (60 days) period. Follow-up was taken 
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figure 1: Two TMA cores of colonic adenocarcinoma showing positive staining for c-MET (x200). 

Table 2: Relationship between c-MET expression and clinicopathologic parameters
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to the end of 2003; a minimum of one year and 
a maximum of 5 years. Figure 2 showed the 
Kaplan-Meier curves categorized according to 
c-MET expression. The 5-year DFS for patients 
with low expression levels (64%) was better 
than that for patients with high expression levels 
(45%), p=0.04. 

Discussion
It has been suggested that stratifying patients 

based on molecular markers may provide the 
justification needed to perform adjuvant therapy. 

copy number detected by quantitative RT-Real 
Time PCR assay showed  a  concordance with 
immunohistochemical protein expression (20).

Our study demonstrated a negative or weak 
reaction for c-MET in normal colon mucosa 
compared to CRC suggesting that overexpression 
of this proto-oncogene may have a role in tumor 
development. Kammula et al (23) demonstrated 
that 69% of the tumors had > 2 fold elevation 
in c-MET mRNA compared to adjacent normal 
mucosa and 48% of tumors had > 10 fold 
increase. In colon cancer cell line, Zeng et al(24) 
found c-MET gene copy number increased 
from 1.6 fold to 2 fold compared with normal 
mucosa. A progressive augmentation of MET 
expression in early stages of transformation was 
also mentioned (25). 

There was no correlation between c-MET 
expression and age, gender, tumor site, tumor 
size, histological type, or differentiation. A 
similar absence of correlation has been also 
noted (24). A trend for low protein levels in well 
differentiated cancers compared to moderately 
or poorly differentiated ones were previously 
observed (26). However, an inverse relationship 
between differentiation and c-MET expression 
was reported in esophageal carcinoma(27). 

We demonstrated that c-MET overexpression 
was associated with metastatic disease (p=0.04). 
Our data are in part corroborated by some data 
already published. In the study of Kammula et 
al (23) the cohort of patients with low expression 
had fewer nodal and distant metastasis. Takeuchi 
et al (20) reported that elevated c-MET expression 
was associated tumors that deeply invaded the 
intestinal wall and those that metastasized to 
locoregional lymph nodes. In addition Zeng et al 
(26) found c-MET protein levels were significantly 
increased from the stage I and II group to stage 
III and IV group. Epithelial-mesenchymal like 
changes, such as loss of E-cadherin in oncogenic 
MET-expressing IEC-6 cells along with their 
concomitant loss of growth contact inhibition 
and acquisition of anchorage-independent 
growth ability were noted. Moreover, Tpr-
MET-IEC-6 cells are conferred the capacity 
to produce the proangiogenic factor VEGF 
and to reduce the potent antiangiogenic factor 

figure 2: Kaplan-Meier analysis of DfS of 120 cases 
of colorectal adenocarcinoma according to c-MET 
expression, p=0.04. 

For the most part, studies searching for a 
biological prognostic marker for colonic cancer 
have produced inconclusive results. This is, in 
part, related to the study of nonhomogeneous 
populations, numerous technical aspects, as 
well as different criteria for result assessment. 
Our work has the advantage of being a TMA 
study, which allows for simultaneous evaluation 
of multiple cases on each slide. This method 
virtually eliminates slide-to-slide variation, 
which is an important factor contributing to 
variability in immunohistochemical studies(19,22).  

c-MET was investigated in this work and was 
highly expressed in  60% of the cases. c-MET 
mRNA and protein in CRC has been reported 
with frequencies between 30% and 91% in 
Northern blot and RT-PCR  assays, respectively, 
and between 57% and 100% by Western blot and 
immunohistochemistry, respectively. mRNA 
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thrombospondin-1(28,29). These events suggest 
that activation of MET receptor signaling 
may provide a strong propensity for intestinal 
epithelial cancer cells to leave the primary tumor 
site and enter the circulation. 

The data obtained in the current series 
demonstrated that the 5-year disease free survival 
rate was 64% in low c-MET cohort compared to 
45% in the high expressing cohort. Similarly, 
in the study of Oliveira et al(30) longer survival 
rates were observed for the MET diminished 
group. Moreover, among patients treated with 
liver resection, there was a trend toward poorer 
3-year survival in association with c-MET gene 
amplification (24). However this assumption is not 
consensual(4,31).

According to our results, c-MET expression 
can be used in a preoperative staging scheme. 
There are many potential benefits to include 
molecular markers in staging of CRC and select 
the group of patients with worse prognosis and 

who are at high risk of relapse.

Also, c-MET may serve as a biomarker for 
targeted therapy. Several molecules targeting 
c-MET have recently been evaluated in early 
phase clinical trials (6,8,32,33).  Most of them are 
small kinase inhibitors, while some are biological 
antagonists and monoclonal antibodies targeting 
either the ligand or the receptor (34,35,36).  It has 
been shown that certain gastric cancer and lung 
cancer cell lines display an exquisite sensitivity 
to c-MET inhibitors(37,38,39). In addition, c-MET 
amplification contributes to non-small lung 
cancer acquired drug resistance to EGFR 
inhibitors and sensitivity can be restored by 
blocking c-MET signaling(40,41,42). 

In conclusion, the expression of c-MET 
in colorectal adenocarcinoma is associated 
with metastatic progression and unfavorable 
prognosis. Further studies on this signal pathway 
is a promising target for novel anti-tumor therapy. 
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