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Abstract 

Background: Previously, we identified a sequence variant (N375S) of c-Met gene, however, its 
association with lung cancer risk and prognosis remain undefined.  
Patients and Methods: We investigated the genotype distribution of the c-Met-N375S sequence 
variant in 206 lung cancer patients and 207 non-cancer controls in the Taiwanese population by 
DNA sequencing.  
Results: Lung cancer patients with variant A/G and G/G genotypes showed 1.08-fold increased 
cancer risk when compared to patients with the wild-type A/A genotype (95% CI, 0.60-1.91). 
There were no significant differences in postoperative survival between c-Met-N375S and wild-type 
patients. In the cell model, the c-Met-N375S cells showed a decrease in cell death upon treatment 
with MET inhibitor SU11274 compared to wild-type cells.  
Conclusion: Our data suggest that the c-Met-N375S sequence variant may not play a significant 
role in cancer susceptibility and the prognosis of lung cancer patients. The correlation with 
chemoresponse of c-Met-N375S is worth further investigation in patients receiving MET therapy. 
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Introduction 
Over the past decade, lung cancer has become 

the leading cause of cancer death in worldwide. Ac-
cording to the new statistics, more than 150,000 peo-
ple died from lung cancer in US in 2010 and more than 
7,000 people died from lung cancer in Taiwan in 2010 
[1, 2]. Uncontrolled activation of MET, the tyrosine 
kinase receptor for hepatocyte growth factor (HGF), is 
oncogenic and has been implicated in the growth, 

invasion and metastasis in a variety of tumors in-
cluding lung cancer [3]. The gene for c-Met, a trans-
membrane receptor tyrosine kinase, is located on 
chromosome 7q21-q31, and it is 120 kb in length with 
21 exons and 20 introns [4]. The primary transcript 
produces a 150 kDa polypeptide that is partially gly-
cosylated to produce a 170 kDa precursor protein. The 
precursor protein is further cleaved to produce a 50 

 
Ivyspring  

International Publisher 



Int. J. Med. Sci. 2013, Vol. 10 

 
http://www.medsci.org 

989 

kDa α chain and a 140 kDa β chain, which are linked 
by disulfide bonds [5]. The functional structures and 
domains of c-Met are shown in Figure 1A, including 
the sema (semaphorin domain), PSI (found in Plexins, 
Semaphorins, Integrins), four IPT repeats (found in 
Immunoglobulins, Plexins, Transcription factors), TM 
(transmembrane), JM (juxtamembrane) and TK (tyro-
sine kinase) domains.  

In our previous study, we found a sequence 
variant of c-Met (N375S, rs33917957) while screening 
for mutations in the exons coding domains of c-Met in 
tumor tissues from non-small cell lung cancer 
(NSCLC) from patients of East Asian, Afri-
can-American, and Caucasian ethnicities [6]. This 
c-Met-N375S sequence variant was also reported in a 
previous study by Tengs et al in 22 NSCLC patients 
and 24 healthy individuals, indicating that it is a 
germline polymorphism [7]. N375S sequence variant 
was located in sema domain (1124A > G, Figure 1A) 

and occurred at a higher frequency in East Asians 
compared with Caucasians, and was absent in African 
Americans. Molecular modeling study suggested that 
replacement of asparagine at 375 by a serine resulted 
in the loss of a hydrogen bond between the altered 
residue and the adjacent arginine residue at 280, 
which may possibly disrupt HGF ligand binding [6]. 
Therefore, an investigation of the genotype distribu-
tion of the c-Met-N375S polymorphism in more sam-
ples is important in order to understand the possible 
involvement of the c-Met-N375S polymorphism in 
NSCLC tumorigenesis. In addition, no association 
between the c-Met-N375S polymorphism and cancer 
risk and prognosis was reported. The purpose of this 
study, therefore, is to investigate the genotypic fre-
quency of the c-Met-N375S polymorphism in NSCLC 
patients in Taiwan, and to examine the association of 
this polymorphism with lung cancer risk and prog-
nosis.  

 

 
Figure 1. Sequence analysis reveals c-Met-N375S polymorphism in human NSCLC. (A): c-Met-N375S polymorphism site is illustrated schematically in the 
context of functional domains of Met. (B): The representative sequencing results of c-Met-N375S polymorphism are shown. Left: wild type (A/A). Middle: 
heterozygous change (A/G). Right: homozygous change (G/G). The nucleotide position of N375 (1124) was assessed with respect to full-length Met gene 
sequence (Ensemble transcript ID: ENST00000318493). 

 

Patients and Methods 
Study population  

A total of 206 patients with NSCLC who were 
admitted to China Medical University Hospital, Tai-
chung, and Veterans General Hospital, Taichung and 
Taipei, Taiwan were recruited for this study after ob-
taining appropriate institutional review board per-
mission and informed consent from the patients. The 
histological determinations, including tumor type and 
disease stage, were performed according to the World 
Health Organization classification and the TNM clas-
sification system, respectively. Information on the sex, 
age and smoking history of the patients were obtained 

from hospital records. Among this cohort, 177 pa-
tients had completed the follow-up of post-operative 
survival. The follow-up was performed at 2-month 
intervals in the first year after surgery and at 3-month 
intervals thereafter at out-patient clinics or by routine 
phone calls. The end of the follow-up period was 
September 2012. The mean follow-up period for all 
patients was 38 months (range 1–74 months). For the 
101 patients who survived the follow-up period 
(censored patients), the mean follow-up time was 49 
months. For the 76 patients who died during the fol-
low-up period, the mean follow-up period was 24 
months. The control group comprised of 207 unre-
lated, age-matched and sex-matched, cancer-free in-
dividuals recruited from Veterans General Hospital, 
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Taichung. Informed consent from each participant 
was obtained before the study. Tumor typing and 
disease staging were performed according to the 
World Health Organization classification and the 
TNM classification system, respectively. Information 
on the sex, age, and smoking history of the patients 
were obtained from hospital records. Patients were 
categorized as non-smokers (never smokers and 
ex-smokers) and smokers (including regular smokers 
and continuously occasional smokers). 

Sequence variant analysis  
Blood samples (5-10 ml) were obtained and ge-

nomic DNA was extracted from the peripheral lym-
phocytes using standard methods. Purified genomic 
DNA was amplified by PCR using the primers: sense, 
5’GCA TTC CTA CAT GGA AAT GCC TCT GGA 
GTG; antisense, 5’CCT ATT AAA GCA GTG CTC 
ATG ATT GGG TCC G. To determine Met genotype at 
N375, PCR-amplified DNA samples were examined 
by direct DNA sequencing using sense primer as se-
quencing primer. 

Functional analysis of c-Met-N375S variant  
c-Met-N375S mutant and its wild-type (WT) 

counterpart in pIRES2-EGFP vector were created as 
described previously [8, 9]. The recombinant vector 
and empty vector were transfected into A549 lung 
cancer cells using TurboFectTM transfection reagent 
(Thermo Scientific Inc.). The transfected cells were 
treated with a MET-specific inhibitor SU11274 (5 µM, 
Sigma-Aldrich) and assayed for cell viability by try-
pan blue staining and cell counting at 48 h and 72 h 
post-treatment. Anti-phosphatidylserine antibody 
(#05-719, Millipore) was used for detection of apop-
tosis. Cells were then photographed under an 
OLYMPUS FV1000 confocal microscope. Western blot 
was performed to measure protein expression level 
using c-Met antibody (#3127, Cell Signaling). 

Statistical analysis  
The SPSS program (SPSS Inc. Headquarters 

Chicago, Illinois) was used for all statistical analysis. 
Statistical modeling with logistic regression was used 
to calculate the relative risk (odds ratio) of genotypes 
for the case/control study. ORs were expressed to-
gether with 95% confidence intervals (95% CIs). Mul-
tivariate logistic regression analysis was adjusted for 
age and sex. The Pearson X2 test was used to analyze 
the correlation between c-Met-N375S distribution and 
clinicopathological parameters in NSCLC patients. 
Survival curves were calculated according to the 
Kaplan-Meier method, and comparison was per-
formed using the log-rank test.  

Results 
Effect of c-Met-N375S sequence variant on 
lung cancer risk  

The genotype of c-Met-N375S was determined by 
direct DNA sequencing of blood samples from 206 
Taiwanese NSCLC patients and 207 Taiwanese can-
cer-free individuals matched with age and sex distri-
bution. Figure 1B shows the representative DNA se-
quencing data for c-Met-WT (A/A) or heterozygous 
(A/G) and homozygous (G/G) c-Met-N375S geno-
types. Frequencies of the c-Met-N375S genotypes 
A/A, A/G and G/G were 85.5%, 14.0%, and 0.5%, 
respectively in Taiwanese cancer-free individuals; and 
85.9%, 13.0%, and 1.1%, in Taiwanese NSCLC pa-
tients. Lung cancer patients with variant A/G and 
G/G genotypes showed a non-significant 1.08-fold 
increased risk of lung cancer when compared to indi-
viduals with the WT A/A genotype (95% CI, 0.60-1.91 
by multiple logistic regression analysis) (Table 1). In 
addition, the distribution of c-Met-N375S genotypes in 
relation to patients’ clinicopathological parameters 
was examined to assess the lung cancer susceptibility 
of the variant allele (A/G and G/G genotypes) (Table 
2). Data analyzed using a different model of inher-
itance, i.e. G/G genotype vs. AG and AA genotypes 
did not show any significant difference in cancer risk 
or association with clinicopathological parameters. 
The results indicated that higher odds ratios for lung 
cancer were not seen for N375S A/G or G/G geno-
types in case/control study and in the subgroup ac-
cording to clinicopathological parameters of lung 
cancer patients. 

Effect of c-Met-N375S polymorphism on 
prognosis of lung cancer patients.  

Survival was assessed using the Kaplan-Meier 
method by comparing patients with WT and N375S 
polymorphism of Met gene in 177 Taiwanese NSCLC 
patients whose survival data were available. The data 
indicated that there were no significant differences in 
post-operative survival between these two groups of 
patients (P=0.506, Figure 2). 

c-Met-N375S variant and its effect on suscep-
tibility to MET inhibitor SU11274.  

To understand the role of the c-Met-N375S se-
quence variant in modulating sensitivity to MET in-
hibitor, we measured the viability of A549 lung cancer 
cells transfected with the recombinant c-Met-WT and 
c-Met-N375S constructs after treatment with the pre-
clinical MET inhibitor SU11274 [8, 10, 11]. The relative 
levels of c-Met-WT and c-Met-N375S protein ex-
pressed were comparable. However, t the 
c-Met-N375S cells showed a decrease in 
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SU11274-induced cell death compared with cells that 
expressed c-Met-WT using cell viability and phos-

phatidylserine (PS) apoptosis assays (Figure 3). 

 

Table 1. Distribution of the c-Met-N375S genotypes in case/control studies justified by age, gender and lifestyle. 

Characteristics              Genotypes                          Logistic regression model            
    A/A (%)   A/G (%) G/G (%)  Total Crude OR  (95% CI) a  Adjusted OR  (95% CI) b 
Cancer free controls 177 (85.5) 29 (14.0) 1 (0.5) 207 1.00  1.00  
NSCLC patients 177 (85.9) 27 (13.0) 2 (1.1) 206 0.97 (0.56-1.68)0.90 1.08 (0.60-1.91)0.80 
Male            
         Controls 104 (85.2) 18 (14.8) 0 (0.0) 122 1.00  1.00  
            Patients 105 (85.4) 17 (13.8) 1 (0.8) 123 1.00 (0.49-2.04)1.00 1.03 (0.48-2.17)0.93  
Female            
            Controls 73 (85.9) 11 (12.9) 1 (1.2) 85 1.00  1.00  
            Patients 72 (86.7) 10 (12.0) 1 (1.2) 83 0.93 (0.38-2.25)0.87 1.18 (0.46-2.97)0.72 
Non-smoking            
            Controls 72 (86.7) 10 (12.0) 1 (1.2) 83 1.00  1.00  
            Patients 54 (85.7) 8 (12.7) 1 (1.6) 63 1.11 (0.42-2.87)0.83 1.15 (0.43-3.01)0.77 
Smoking            
            Controls 105 (84.7) 19 (15.3) 0 (0.0) 124 1.00  1.00  
            Patients 93 (85.3) 15 (13.8) 1 (0.9) 109 1.04 (0.50-2.14)0.91 1.04 (0.50-2.15)0.91 
Age<70            
            Controls 88 (86.3) 14 (13.7) 0 (0.0) 102 1.00  1.00  
            Patients 96 (88.1) 12 (11.0) 1 (0.9) 109 0.87 (0.38-1.96)0.73 0.99 (0.42-2.27)0.98 
Age ≥70            
            Controls 89 (84.8) 15 (14.3) 1 (1.0) 105 1.00  1.00  
            Patients 81 (83.5) 15 (15.5) 1 (1.0) 97 1.19 (0.55-2.55)0.66 1.19 (0.52-2.66)0.67 
a. Odds ratios (ORs) were calculated to measure the association of the A/G+G/G genotype with lung cancer risk, with the A/A genotype being referred to as 1. 
CI: confidence interval. P values with significance are labeled in superscript. b. Adjusted for age, sex, and smoking; for Sex, adjusted for age and smoking; for 
Age, adjusted for sex and smoking; for Smoking, adjusted for sex and age. 

 

Table 2. Distribution of the c-Met-N375S genotypes in relation to clinicopathological parameters in NSCLC patients. a 

Characteristics  c-Met-N375S genotypes 
Total    A/A    A/G+G/G c 
n    N (%) n  (%) 

Overall b                        206 177 (85.9) 29 (14.1) 
Clinicopathological parameters 
Age ＜70 109 96 (88.1) 13 (11.9) 
 ≧70 97 81 (83.5) 16 (16.5) 
       
Sex Male 123 105 (85.4) 18 (14.6) 
 Female 83 72 (86.7) 11 (13.3) 
       
Smoker Yes 109 93 (85.3) 16 (14.7) 
 No 63 54 (85.7) 9 (14.3) 
Tumor type d      
 ADC 133 117 (88.0) 16 (12.0) 
 SCC 61 50 (82.0) 11 (18.0) 
 LCC 12 10 (83.3) 2 (16.7) 
Tumor stage      
 I + II 88 75 (85.2) 13 (14.8) 
 III + IV 67 61 (91.0) 6 (9.0) 
a. The P value was analyzed by Pearson χ2 test and all P values were > 0.05. b. Total number of sample in some categories is less than the overall number ana-
lyzed because clinical data were not available for these patients. c. The risk genotype was defined as A/G+G/G genotypes. d. ADC: adenocarcinoma, SCC, 
squamous cell carcinoma, LCC, large cell carcinoma. 
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Fig 2. The Kaplan-Meier survival curves for patients with or without N375S polymorphism of the c-Met gene in lung cancer patients. Patients with N375S 
polymorphism of the c-Met gene showed similar post-operative survival rate as patients without N375S polymorphism. A total of 177 patients were 
analyzed. 

 
 

  
Fig 3. The functional significance of c-Met-N375S in response to SU11274. (A): Trypan blue exclusion assays of A549 lung cancer cells expressing empty 
vector (EV), Met-wild-type (WT) or Met-N375S (N375S) upon MET inhibitor SU11274 treatment was measured at 48 and 72 hours (left). Immunoblots of 
c-Met in cells expressing EV, WT, or N375S vector are shown (fight). (B): PS apoptosis assay was analyzed upon treatment with solvent control (DMSO) 
or SU11274 for 24 hours in A549 lung cancer cells expressing EV, WT, or N375S vector. 
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Discussion 
Our results showed that c-Met-N375S sequence 

variant was not associated with lung cancer suscepti-
bility and prognosis. The distribution of the 
c-Met-N375S genotypes was similar in both cases and 
controls (Table 1), and no significant association be-
tween the c-Met-N375S sequence variant and clinico-
pathological parameters (Table 2) and prognosis 
(Figure 2) of lung cancer was observed. Lack of asso-
ciation of c-Met-N375S genotypes with lung cancer 
susceptibility and prognosis is consistent with the 
observation by Tengs et al that c-Met-N375S may not 
represent a true cancer-causing genotype [7]. Notably, 
the c-Met-N375S cells showed a decrease in 
SU11274-induced cell death compared with c-Met-WT 
cells (Figure 3). 

The c-Met sema domain harbors the ligand 
binding site, and based on results from our and other 
laboratories, it seems to be a key region that is tar-
geted for polymorphic mutations in lung cancer [8, 9]. 
Our previous data suggested that the amount of HGF 
bound to c-Met-N375S was much lower when com-
pared with c-Met-WT, thereby demonstrating a loss of 
affinity for HGF in the case of c-Met-N375S mutant 
[6]. Our previous study also demonstrated that the 
COS-7 cell expressing c-Met-N375S mutation was less 
sensitive to specific MET kinase inhibitors such as 
SU11274 compared to cell expressing c-Met wild-type 
[12]. The current study confirmed that the 
c-Met-N375S cells showed a decrease in cell death 
upon treatment of MET inhibitor SU11274 compared 
to wild-type cells in the A549 lung cancer cell model.  

Since the NSCLC cohort recruited in this study 
did not receive MET therapy, the correlation with 
chemoresponse and prognostic effects of c-Met-N375S 
sequence variant needs to be further investigated in 
larger number of patients who receive MET therapy. 
In light of the reports of c-Met signaling as the target 
for lung cancer treatment [13-16], it is of interest to 
study whether c-Met-N375S cells are less sensitive to 
SU11275 in the presence of HGF. It is also important 
to determine the genotype of important sequence 
variants in addition to HGF expression in lung cancer 
response to MET therapy. Although more patients are 
needed to confirm the risk with a minor allele fre-
quency of 0.074 such as c-Met-N375S sequence variant 
in populations with different ethnic backgrounds, our 
data provide the first clinical evidence of the effects of 
c-Met-N375S polymorphism on lung cancer risk and 
prognosis. 
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