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Abstract: Colorectal cancer patients are predisposed for liver metastasis after surgery. Metastasis associated factor 
1 of colorectal carcinoma (MACC1), hepatocellular growth factor (HGF) and Met signal pathway are all correlated 
with occurrence of colorectal carcinoma. This study thus examined expressions of MACC1, HGF and Met expression, 
to analyze their correlation with metastasis and prognosis. A total of 50 patients diagnosed with liver metastatic 
colorectal carcinoma in our hospital were recruited. 30 colorectal carcinoma patients without metastasis plus 30 
benign tumor patients were employed as control. ELISA was employed to measure serum MACC1, HGF and Met 
contents, while immunohistochemistry (IHC) staining was employed to detect expression of MACC1, HGF and Met, 
whose correlation with clinical features was analyzed. Metastatic group had significantly elevated MACC1, HGF and 
Met expression than un-metastatic group (P<0.05), which had higher levels than benign tumors (P<0.05). MACC1, 
HGF and Met levels were correlated with differentiation grade, number of primary lesion, size, number of liver meta-
static lesions, distal metastasis, radio-/chemo-therapy and survival time (P<0.05). Colorectal cancer patients with 
liver metastasis had high expression of MACC1, HGF and Met, which are related with differentiation grade, number 
of primary lesions, size, liver metastatic lesion number, distal metastasis, chemo-/radio-therapy and survival times.
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Introduction

Colorectal carcinoma is one of the most com-
mon malignant tumors worldwide, with signifi-
cantly elevated incidence in China recently [1]. 
Colorectal carcinoma is frequently accompa-
nied with focal lymph node metastasis, in addi-
tion to distal organ metastasis. Liver is the 
most common targeted organ for distal metas-
tasis, as about 10%~25% patients already have 
liver metastasis at the time of diagnosis, and 
about 30%~50% patients had liver metastasis 
during disease progression [2, 3]. It is estimat-
ed that about 500 thousand colorectal cancer 
patients develop liver metastasis worldwide. 
Once having liver metastasis, unfavorable prog-
nosis is normally occurred. A continuous dy- 
namic process involving multiple factors and 
steps facilitates the dispersion of tumor cells 

from primary lesion to distal organs, including 
tumor cell adhesion, invasion, remodeling or 
extracellular matrix, angiogenesis, lymph tube 
formation and body immune response [4, 5]. 
Metastasis associated factor 1 of colorectal 
carcinoma (MACC1) is one novel gene identified 
by Stein et al. to be related with colorectal can-
cer metastasis and invasion by whole genome 
scan. MACC1 can be expressed in various 
tumor tissues including colorectal cancer, pan-
creatic cancer, gastric carcinoma and liver can-
cer, especially higher in colorectal carcinoma 
[6]. As one oncogene, Met has the ligand of 
hepatocyte growth factor (HGF). Previous study 
showed high expression of Met in some human 
tissues, and its correlation with tumor patho-
genesis, progression and metastasis [7]. Met 
activation facilitated cell migration, potentiat-
ing separation of epithelial cells, migration of 



Signal pathway in metastatic cancer

3463	 Int J Clin Exp Med 2017;10(2):3462-3469

endothelial cells and chemotaxis. After binding 
with HGF, Met participates in cancer cell motil-
ity. In nude mice with colorectal cancer, MACC1 
can facilitate proliferation and invasion of 
colorectal cancer cells, thus accelerating Met-
induced tumor cell metastasis and dispersion 
[8]. Holgren et al. found that elevated Met gene 
could significantly increase proliferation and 
invasion potency of Met-highly expressed tu- 
mor cells [9]. In this study, we recruited colo- 
rectal carcinoma patients with liver metastasis 
as research subjects, whose expression of 
MACC1, HGF and Met was measured to analyze 
the relationship between these factors and 
prognosis of colorectal carcinoma with liver 
metastasis.

Materials and methods

General information

A total of 60 colorectal carcinoma patients (30 
rectal cancer and 30 colon cancer) with liver 
metastasis were recruited from the surgery of 
China-Japan Union Hospital of Jilin University 
from January 2015 to January 2016. There 
were 30 males and 30 females, aging between 
30 and 70 years old (average age = 52.5±4.8 
years old). Another cohort of 30 colorectal car-
cinoma patients without metastasis (16colon 
cancer, 14 rectal cancer) who received surgery 
at the same time were recruited, including 15 
males and 15 females (aging between 35 and 
70 years old, average age = 51.3±4.5 years 
old). Another cohort consisted of 30 samples 
collected from benign tumors in colon or rectal 
tissues. There were 15 males and 15 females 
in this group, with aging between 35 and 70 
years old (average age = 52.6±4.2 years old).

This study has been pre-approved by the ethi-
cal committee of China-Japan Union Hospital of 
Jilin University. All subjects have signed the 
consent forms before recruitment in this study.

Inclusive criteria: All patients received surgery 
and diagnosed by pathology. Written consents 
have been obtained from all participants for 
completing the whole research.

Exclusive criteria: No complication with mesen-
chymal disease or immune disorder; No dys-
function of major organs such as heart, liver or 
kidney; No primary cancer in other organs or 
inflammation.

Reagents and equipment

ELISA kit for MACC1, HEG, and Met; Blocking 
reagent and primary antibody for MACC1, HGF 
and Met; Rabbit anti-mouse IHC secondary 
antibody were purchased from Sangon (China). 
DAB kit and 0.01% citric acid (Shanfeng Chem, 
China). Centrifuge (Feige, China); Microplate 
reader (TECNA, UK); Embedding apparatus 
(SAKURA, Japan); Dehydration facility (TIYODA, 
Japan); Microtome (Leica, Germany).

ELISA for serum MACC1, HGF and Met con-
tents in patients

Fasted venous blood samples were collected 
and centrifuged to save the supernatant for 
storage in fridge. ELISA was used to quantify 
blood levels of MACC1, HGF and Met. The test 
kit was placed at room temperature for 30 min. 
Standard samples were diluted. At each con-
centration, 5 replicated wells were applied for 
adding samples, reaction buffer, washing buf-
fer, developing reagent, and quenching solu-
tion. Absorbance values at 450 wave length 
were measured to plot linear regression func-
tion for calculating sample concentration.

IHC staining for tissue expression of MACC1, 
HGF and Met

Tissues were fixed in formalin, dehydrated, im- 
mersed in paraffin, embedded, and sectioned. 
Tissue slices were mounted on glass slides and 
dried overnight. Heated antigen retrieval was 
performed, followed by H2O2 quenching and 
normal goat serum blocking. 50 μl primary anti-
body was applied for 1 h room temperature 
incubation. 50 μl secondary antibody with ho- 
rseradish peroxidase (HRP) was applied for 10 
min room temperature incubation. Strepto- 
mycin-peroxidase was then added for 10 min 
incubation. DAB substrate was added for devel-
opment. After quenching, hematoxylin was us- 
ed for counter-staining, followed by HCl-ethanol 
differentiation. Following routine dehydration, 
the coverslip was mounted for observation 
under computer-assisted system. 5 fields were 
randomly selected from each slice for recro- 
ding.

Judgment criteria

Positive results for MACC1, HGF and Met were 
judged as no staining in nucleus, and brown or 
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brown-yellow granules on membrane or cyto-
plasm. Negative (-): less than 10% of positive 
cells; Weak positive (+): 11%~25% positive 
cells; Positive (++): 26%~50% positive cells; 
Strong positive (+++): more than 50% of posi-
tive cells. Overall positive was deduced to 
include weak positive, positive and strong posi-
tive results.

Statistical analysis

SPSS17.0 software was used for data process-
ing. All data were presented as mean ± stan-
dard deviation (SD). Enumeration data were 
tested by chi-square test while measurement 
data were compared by analysis of variance 
(ANOVA). Multi-factor analysis was performed 
by Logistic regression model. A statistical sig-
nificance was identified when P<0.05.

Results

Serum MACC1, HGF and Met contents in 
patients

Peripheral venous blood samples were collect-
ed to test serum MACC1, HGF and Met levels. 
Results showed significantly elevated MACC1, 
HGF and Met in colorectal carcinoma patients 
with liver metastasis (P<0.05 compared to un-
metastatic group or benign tissues). Those 
colorectal carcinoma patients without metasta-
sis had higher serum MACC1, HGF and Met  
levels than those of benign tumors (P<0.05, 
Table 1).

IHC staining for tissue expression of MACC1, 
HGF and Met

We further compared tissue expression of 
MACC1, HGF and Met levels. Results showed 
10 cases of strong positive expression for 
MACC1, and 35 cases of positive expression, 
with overall positive rate at 75% in colorectal 
carcinoma patients with liver metastasis. HGF 
has 11 strong positive cases and 31 positive 
cases, making total positive rate as high as 
70%. Met had 9 cases of strong positive expres-
sion and 30 positive cases (positive rate = 
65%). All these rates were elevated compared 
to no metastasis or benign tumor patients 
(P<0.05). Those patients without metastasis 
had higher positive rates of MACC1, HGF and 
Met compared to benign tumor patients (P< 
0.05, Table 2; Figure 1).

Correlation between MACC1, HGF and Met 
levels and clinical features of colorectal carci-
noma patients with liver metastasis

We further analyzed the correlation between 
MACC1, HGF and Met levels and indexes includ-
ing age, sex, tumor site, differentiation grade, 
primary tumor number, size, number of liver 
metastatic lesion, distal metastasis of other 
organs, radio-/chemo-therapy and survival ti- 
me, in colorectal carcinoma patients with liver 
metastasis. Results showed that MACC1, HGF 
and Met levels in colorectal carcinoma patients 
were correlated with differentiation grade, pri-

Table 1. Serum MACC1, HGF and Met levels by ELISA (ng/ml)
Group N MACC1 HGF Met 
Colorectal carcinoma with metastasis 60 1.34±0.15*,# 1.28±0.13*,# 1.18±0.12*,#

Colorectal carcinoma without metastasis 30 0.67±0.05# 0.55±0.04# 0.41±0.03#

Benign tumor in colon-rectum 30 0.03±0.02 0.03±0.01 0.02±0.02
Note: *P<0.05 compared to colorectal carcinoma patients without metastasis; #P<0.05 compared to benign tumors in colon-
rectum.

Table 2. IHC staining for tissue expression of MACC1, HGF and Met

Group N
MACC1 HGF Met

- +-++ +++ Positive 
rate (%) - +-++ +++ Positive 

rate (%) - +-++ +++ Positive 
rate (%)

Colorectal carcinoma with metastasis 60 15 35 10 75*,# 18 31 11 70*,# 21 30 9 65*,#

Colorectal carcinoma without metastasis 30 18 10 2 40# 24 5 1 20 21 8 1 30#

Benign tumor in colon-rectum 30 27 3 0 10 27 3 0 10 27 3 0 10
Note: *P<0.05 compared to colorectal carcinoma patients without metastasis; #P<0.05 compared to benign tumors in colon-rectum.
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mary tumor number, size, number of liver meta-
static lesion, distal metastasis of other organs, 
radio-/chemo-therapy and survival time (P< 
0.05) but not age, sex or tumor site (P>0.05). 
For those patients with lower differentiation 
grade, multiple primary tumors, larger than 3 
cm primary tumor, multiple liver metastatic 
lesions, metastasis in other organs, no chemo-/
radio therapy and survival time less than 6 
months, MACC1, HGF and Met level were more 
significantly elevated (Table 3).

Multi-variant analysis between expressions of 
MACC1, HGF and Met and clinical features

Logistic multi-variant analysis was further per-
formed to assess the correlation between 
MACC1, HGF and MET levels and clinical indi-
ces including differentiation grade, primary 
tumor number, size, number of liver metastatic 
lesion, distal metastasis of other organs, ra- 
dio-/chemo-therapy and survival time. Results 
indicated independent risk factors including 

Figure 1. MACC1, HGF and Met expressions in patient tissues. A-C. MACC1; D-F. HGF; G-I. Met expression. A, D and 
G. Colorectal carcinoma with liver metastasis; B, E and H. Colorectal carcinoma without liver metastasis; C, F and I. 
Benign tumors in colon-rectum.
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differentiation grade, primary tumor number, 
size, number of liver metastatic lesion, distal 

metastasis of other organs, radio-/chemo-ther-
apy and survival time (Table 4).

Table 3. Correlation between MACC1, HGF and Met levels and clinical indexes
Index N MACC1 HGF Met
Age
    <45 29 21 (72.4) 20 (68.9) 18 (62.1)
    ≥45 31 24 (77.4) 22 (70.9) 21 (67.7)
    P >0.05 >0.05 >0.05
Sex
    M 30 22 (73.3) 21 (70) 20 (66.7)
    F 30 23 (73.3) 21 (70) 19 (63.3)
    P >0.05 >0.05 >0.05
Tumor site
    Colon 28 20 (71.4) 19 (67.9) 19 (67.9)
    Rectum 32 25 (78.1) 23 (71.8) 20 (62.5)
    P >0.05 >0.05 >0.05
Differentiation
    High 15 9 (60) 8 (53.3) 7 (46.7)
    Moderate 20 13 (65) 11 (55) 10 (50)
    Low 25 23 (92) 23(92) 22 (88)
    P <0.05 (0.03) <0.01 (0.0071) <0.01 (0.0067)
Primary tumor
    Single 25 16 (64) 14 (56) 11 (44)
    Multiple 35 29 (82.9) 28 (80) 28 (80)
    P <0.05 <0.05 <0.05
Primary tumor size
    ≤3 cm 24 14 (58.3) 14 (58.3) 11 (45.8)
    >3 cm 36 31 (86.1) 28 (80) 28 (80)
    P <0.05 <0.05 <0.05
Liver metastatic lesion
    Single 28 18 (64.3) 12 (42.9) 13 (46.4)
    Multiple 32 27 (84.3) 30 (93.7) 26 (81.3)
    P <0.05 <0.05 <0.05
Distal metastasis of other organs
    No 27 18 (66.7) 14 (51.8) 13 (48.1)
    Yes 33 27 (81.8) 28 (84.8) 26 (78.7)
    P <0.05 <0.05 <0.05
Radio-therapy
    No 26 15 (57.7) 12 (46.2) 10 (38.5)
    Yes 34 27 (79.4) 30 (88.2) 29 (85.3)
    P <0.05 <0.05 <0.05
Chemo-therapy
    No 31 15 (48.3) 16 (51.6) 15 (48.3)
    Yes 29 27 (93.1) 26 (89.6) 24 (82.7)
    P <0.05 <0.05 <0.05
Survival time
    ≥6 months 24 14 (58.3) 14 (58.3) 11 (45.8)
    <6 months 36 31 (86.1) 28 (80) 28 (80)
    P <0.05 <0.05 <0.05
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Discussion

With improvement of economic condition and 
transition of life styles, the incidence and mor-
tality of colorectal carcinoma are rapidly in- 
creasing worldwide. Major reasons for death 
include focal recurrence and distal metastasis, 
with predisposed metastasis in liver tissues 
[10]. MACC1 is one newly discovered gene as- 
sociated with colorectal carcinoma metastasis 
[11]. Previous studies showed the close corre-
lation between HEG/c-Met signal pathway with 
malignant transformation of normal tissues, 
motility and movement, invasion of malignant 
cells, epithelial-mesenchymal transition, angio-
genesis, healing of wounds and tissue regen-
eration and repair [12]. This study thus recruit-
ed colorectal carcinoma patients with liver 
metastasis in our hospital, to test expressional 
profiles of MACC1, HGF and Met, in an attempt 
to analyze their correlation with patient’s pro- 
gnosis.

In this study, we found higher serum MACC1, 
HGF and Met levels in disease group compared 
to control group. Further tests revealed higher 
MACC1, HGF and Met positive rates in cancer 
tissues compared to those in adjacent tissues 
or control group. These results showed highly 
expressed MACC1, HGF and Met in both serum 
and tissues of colorectal carcinoma patients 
with liver metastasis. Previous study showed 
lower expression level of MACC1 in primary 
lesion of colorectal carcinoma, and higher level 
in metastatic lesions [13]. Stein et al. found sig-
nificantly elevated MACC1 gene expression 
level in colorectal carcinoma metastatic lesion, 
with significant intra-nuclear translocation [14]. 
As one oncogene, Met is expressed on the sur-
face of epithelial cells, and codes for HGF 
receptor having tyrosine kinase activity [15, 

16]. Animal study showed the expression of 
Met in colorectal cancer might work as the 
marker for liver metastasis, plus its close cor-
relation with tumor metastasis signal [17]. In 
transgenic mouse tissue cells, over-expression 
of HGF and Met significantly elevated occur-
rence of pulmonary metastasis [18], as consis-
tent with our results.

To further illustrate the relationship between 
MACC1, HGF and Met expression and progno-
sis of colorectal carcinoma patients with liver 
metastasis, this study found the relationship 
between MACC1, HGF and Met expression in 
colorectal carcinoma patients with liver metas-
tasis and differentiation grade, primary tumor 
number, size, number of liver metastatic lesion, 
distal metastasis of other organs, radio-/che-
mo-therapy and survival time. For those 
patients with lower differentiation grade, multi-
ple primary tumors, larger than 3cm primary 
tumor, multiple liver metastatic lesions, metas-
tasis in other organs, no chemo-/radio therapy 
and survival time less than 6 months, expres-
sions of MACC1, HGF and Met were more sig-
nificantly. Multi-variant analysis showed inde-
pendent risk factors of differentiation grade, 
primary tumor number, size, number of liver 
metastatic lesion, distal metastasis of other 
organs, radio-/chemo-therapy and survival ti- 
me. Previous study showed highly correlated 
relationship between MACC1 and prognosis of 
patients. Such expression levels are negatively 
correlated with total survival time, disease-free 
survival time and progression-free survival time 
of patients [19]. Takeuchi et al. found differen-
tial expressions of Met across colorectal can-
cer tissues with different size and existence or 
absence of metastasis [20], indicating that 
c-Met is important molecular marker for infiltra-
tion depth into tumors and prediction of tumor 

Table 4. Multi-variant analysis between expressions of MACC1, HGF and Met and clinical features
MACC1 HGF Met

Indexes Regression 
coefficient P value Relative 

risk factor
Regression 
coefficient P value Relative 

risk factor
Regression 
coefficient P value Relative 

risk factor
Differentiation grade 1.007 0.002 2.401 1.102 0.001 2.136 1.002 0.001 2.235

Primary tumor number 1.275 0.001 2.852 1.233 0.002 2.325 1.132 0.002 2.027

Size of primary lesion 1.018 0.001 2.812 1.124 0.002 2.623 1.007 0.001 2.004

Number of liver metastasis 1.004 0.001 2.730 1.015 0.001 2.457 1.113 0.002 2.892

Distal metastasis of other organs 0.952 0.003 2.376 0.878 0.002 2.054 0.748 0.002 2.156

Radiotherapy 1.008 0.002 2.502 1.104 0.001 2.273 1.005 0.001 2.247

Chemotherapy 1.203 0.001 2.104 1.116 0.002 2.211 1.153 0.002 2.034

Survival time 1.271 0.001 2.252 1. 323 0.003 2.124 1.032 0.002 2.021
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metastasis. HGF is one known cytokine with 
strong effects for facilitating hepatocyte prolif-
eration. After liver tissue resection, a regenera-
tion status is initiated, followed by rapidly ele-
vated HGF and reaching the peak one week 
after surgery. Such changes of microenviron-
ment of liver benefit mitosis and proliferation of 
hepatocytes, and provide suitable micro-envi-
ronment for proliferation and dispersion of 
micro-metastatic lesions [21-23]. For those 
liver cancer patients with higher expression of 
growth factor receptor Met, more rapid prolif-
eration of tumor cells occurs, causing early 
recurrence and/or metastasis of tumors in 
clinics.

Conclusion

Colorectal carcinoma patients with liver metas-
tasis had high expression of MACC1, HGF and 
Met in serum and tissues. These expression 
levels are correlated with differentiation grade, 
primary tumor number, size, number of liver 
metastatic lesion, distal metastasis of other 
organs, radio-/chemo-therapy and survival ti- 
me. For those patients with lower differentia-
tion grade, multiple primary tumors, larger than 
3 cm primary tumor, multiple liver metastatic 
lesions, metastasis in other organs, no chemo-/
radio therapy and survival time less than 6 
months, MACC1, HGF and Met level were more 
significantly elevated. Further studies are re- 
quired for illustrating the regulatory relation-
ship among MACC1, HGF and Met, in addition 
to signal transduction pathway, in order to pro-
vide evidences for clinical treatment.

Disclosure of conflict of interest

None.

Address correspondence to: Dr. Bin Zhang, Depart- 
ment of Endoscopy Center, China-Japan Union Hos- 
pital of Jilin University, No. 126, Xian Tai Street, 
Changchun 130000, P. R. China. Tel: +86-0431-
84995534; Fax: +86-0431-84995534; E-mail: 
BinZhangzxc@yeah.net

References

[1]	 Konopke R, Roth J, Volk A, Pistorius S, Folpre-
cht G, Zophel K, Schuetze C, Laniado M, Sae-
ger HD and Kersting S. Colorectal liver metas-
tases: an update on palliative treatment 
options. J Gastrointestin Liver Dis 2012; 21: 
83-91.

[2]	 Kumar R, Price TJ, Beeke C, Jain K, Patel G, 
Padbury R, Young GP, Roder D, Townsend A, 
Bishnoi S and Karapetis CS. Colorectal cancer 
survival: an analysis of patients with metastat-
ic disease synchronous and metachronous 
with the primary tumor. Clin Colorectal Cancer 
2014; 13: 87-93.

[3]	 Matsui S, Osada S, Tomita H, Komori S, Mori R, 
Sanada Y, Takahashi T, Yamaguchi K and Yo-
shida K. Clinical significance of aggressive 
hepatectomy for colorectal liver metastasis, 
evaluated from the HGF/c-Met pathway. Int J 
Oncol 2010; 37: 289-97.

[4]	 Bachmann J, Raue A, Schilling M, Becker V, 
Timmer J and Klingmuller U. Predictive mathe-
matical models of cancer signalling pathways. 
J Intern Med 2012; 271: 155-65.

[5]	 Zhou AX, Toylu A, Nallapalli RK, Nilsson G, Ata-
bey N, Heldin CH, Boren J, Bergo MO and Akyu-
rek LM. Filamin a mediates HGF/c-MET signal-
ing in tumor cell migration. Int J Cancer 2011; 
128: 839-46.

[6]	 Qiu J, Huang P, Liu Q, Hong J, Li B, Lu C, Wang 
L, Wang J and Yuan Y. Identification of MACC1 
as a novel prognostic marker in hepatocellular 
carcinoma. J Transl Med 2011; 9: 166.

[7]	 Lesko E and Majka M. The biological role of 
HGF-MET axis in tumor growth and develop-
ment of metastasis. Front Biosci 2008; 13: 
1271-80.

[8]	 Toschi L and Janne PA. Single-agent and com-
bination therapeutic strategies to inhibit hepa-
tocyte growth factor/MET signaling in cancer. 
Clin Cancer Res 2008; 14: 5941-6.

[9]	 Holgren C, Dougherty U, Edwin F, Cerasi D, Tay-
lor I, Fichera A, Joseph L, Bissonnette M and 
Khare S. Sprouty-2 controls c-Met expression 
and metastatic potential of colon cancer cells: 
sprouty/c-Met upregulation in human colonic 
adenocarcinomas. Oncogene 2010; 29: 5241-
53.

[10]	 Zhen T, Dai S, Li H, Yang Y, Kang L, Shi H, 
Zhang F, Yang D, Cai S, He Y, Liang Y and Han 
A. MACC1 promotes carcinogenesis of colorec-
tal cancer via beta-catenin signaling pathway. 
Oncotarget 2014; 5: 3756-69.

[11]	 Kokoszynska K, Krynski J, Rychlewski L and 
Wyrwicz LS. Unexpected domain composition 
of MACC1 links MET signaling and apoptosis. 
Acta Biochim Pol 2009; 56: 317-23.

[12]	 Toiyama Y, Miki C, Inoue Y, Okugawa Y, Tanaka 
K and Kusunoki M. Serum hepatocyte growth 
factor as a prognostic marker for stage II or III 
colorectal cancer patients. Int J Cancer 2009; 
125: 1657-62.

[13]	 Isella C, Mellano A, Galimi F, Petti C, Capus-
sotti L, De Simone M, Bertotti A, Medico E and 
Muratore A. MACC1 mRNA levels predict can-
cer recurrence after resection of colorectal 

mailto:BinZhangzxc@yeah.net


Signal pathway in metastatic cancer

3469	 Int J Clin Exp Med 2017;10(2):3462-3469

cancer liver metastases. Ann Surg 2013; 257: 
1089-95.

[14]	 Stein U, Walther W, Arlt F, Schwabe H, Smith J, 
Fichtner I, Birchmeier W and Schlag PM. 
MACC1, a newly identified key regulator of 
HGF-MET signaling, predicts colon cancer me-
tastasis. Nat Med 2009; 15: 59-67.

[15]	 Dua R, Zhang J, Parry G and Penuel E. Detec-
tion of hepatocyte growth factor (HGF) ligand-c-
MET receptor activation in formalin-fixed paraf-
fin embedded specimens by a novel proximity 
assay. PLoS One 2011; 6: e15932.

[16]	 Amemiya H, Menolascino F and Pena A. [Role 
of the expression of c-Met receptor in the pro-
gression of gastric cancer]. Invest Clin 2010; 
51: 369-80.

[17]	 Guo T, Yang J, Yao J, Zhang Y, Da M and Duan 
Y. Expression of MACC1 and c-Met in human 
gastric cancer and its clinical significance. 
Cancer Cell Int 2013; 13: 121.

[18]	 Amemiya H, Pena A, Chiurillo M, Moscoso J, 
Useche A and Baffi R. [Increased expression of 
the c-Met receptor mRNA in gastric cancer]. 
Invest Clin 2013; 54: 284-98.

[19]	 Wang G, Fu Z and Li D. MACC1 overexpression 
and survival in solid tumors: a meta-analysis. 
Tumour Biol 2015; 36: 1055-65.

[20]	 Takeuchi H, Bilchik A, Saha S, Turner R, Wiese 
D, Tanaka M, Kuo C, Wang HJ and Hoon DS. c-
MET expression level in primary colon cancer: 
a predictor of tumor invasion and lymph node 
metastases. Clin Cancer Res 2003; 9: 1480-8.

[21]	 Yamamoto S, Tsuda H, Miyai K, Takano M, Ta-
mai S and Matsubara O. Gene amplification 
and protein overexpression of MET are com-
mon events in ovarian clear-cell adenocarci-
noma: their roles in tumor progression and 
prognostication of the patient. Mod Pathol 
2011; 24: 1146-55.

[22]	 Tretiakova M, Salama AK, Karrison T, Ferguson 
MK, Husain AN, Vokes EE and Salgia R. MET 
and phosphorylated MET as potential biomark-
ers in lung cancer. J Environ Pathol Toxicol On-
col 2011; 30: 341-54.

[23]	 Raghav KP, Wang W, Liu S, Chavez-MacGregor 
M, Meng X, Hortobagyi GN, Mills GB, Meric-
Bernstam F, Blumenschein GR Jr and Gonza-
lez-Angulo AM. cMET and phospho-cMET pro-
tein levels in breast cancers and survival 
outcomes. Clin Cancer Res 2012; 18: 2269-
77.


