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Abstract
AIM: To give a comprehensive report of E-cadherin 

gene (CDH1) variations in a population at a high risk 
for gastric cancer (GC). 

METHODS: The samples consisted of 178 men and 
58 women with a mean age of 62.3 ± 9.4 years and 
an age range of 30-84 years. A total of 240 cancer-
free controls were recruited (mean age of 61.8 ± 
10.1 years, age range of 26-82 years). Samples were 
screened for CDH1 germline mutations by high-resolu-
tion melting analysis or directly sequencing. Luciferase 
reporter assay, RNA splicing assay and bioinformatic 
analysis were used to evaluate the effect of mutations.

RESULTS: Four novel CDH1 sequence alterations were 
identified in GC patients including a G>T transition 49 
bp before the start codon; a three-nucleotide deletion, 
c.44_46del TGC; one missense mutation, c.604G>A 
(V202I); and one variation in the intron, c.1320+7A>G. 
In addition, polymorphism frequencies were observed 
for CDH1 -164delT, -161C>A, -73A>C, c.48+6C>T, 
c.48+62_48+63delinsCGTGCCCCAGCCC, c.894C>T 
(A298A), c.1224G>A (A408A), c.1888C>G (L630V), 
c.2076T>C (A692A), and c.2253C>T (N751N) which 
is similar to the data reported in http://www.ncbi.nlm.
nih.gov/projects/SNP/. RNA splicing analysis suggested 
that the c.1320+7A>G and c.1224G>A variations did 
not affect exon splicing ability. Luciferase reporter as-
say demonstrated that the c.-49T variation might be 
helpful for E-cadherin  transcription, though the in-
crease in transcription activity is limited (only 33%). 
SIFT score and PolyPhen analysis both demonstrated 
that the L630V missense mutation probably damages 
protein function, while the V202I variant does not.

CONCLUSION: This study reveals novel mutations in 
sporadic GC patients which had been poorly investi-
gated for susceptibility genes.

© 2013 Baishideng. All rights reserved.

BRIEF ARTICLE

Online Submissions: http://www.wjgnet.com/esps/
wjg@wjgnet.com
doi:10.3748/wjg.v19.i6.909

909 February 14, 2013|Volume 19|Issue 6|WJG|www.wjgnet.com

World J Gastroenterol  2013 February 14; 19(6): 909-916
 ISSN 1007-9327 (print)  ISSN 2219-2840 (online)

© 2013 Baishideng. All rights reserved.



Key words: Gastric cancer; Germline mutation; CDH1; 
Luciferase reporter assay; RNA splicing analysis

Chen QH, Deng W, Li XW, Liu XF, Wang JM, Wang LF, Xiao 
N, He Q, Wang YP, Fan YM. Novel CDH1 germline mutations 
identified in Chinese gastric cancer patients. World J Gastroen-
terol 2013; 19(6): 909-916  Available from: URL: http://www.
wjgnet.com/1007-9327/full/v19/i6/909.htm  DOI: http://dx.doi.
org/10.3748/wjg.v19.i6.909

INTRODUCTION
Gastric cancer (GC) is one of  the most common malig-
nancies worldwide and the leading cancer in East Asian 
countries[1]. There are two histopathological types of  
gastric cancer, differentiated and undifferentiated[2], or 
intestinal and diffuse, respectively[3]. Genetic factors are 
important for the etiology of  GC. The E-cadherin gene 
(CDH1), a calcium-dependent transmembrane glycopro-
tein, is critical for epithelial architecture, intercellular adhe-
sion, and cell invasion[4]. E-cadherin consists of  a large 
extracellular domain composed of  five repeat domains 
and smaller transmembrane and cytoplasmic domains[5]. 
Mutations in the CDH1 gene and perturbation of  E-cad-
herin expression are the most frequent genetic altera-
tions in hereditary diffuse gastric cancer (HDGC)[6,7]. The 
CDH1 germline mutation spectrum is heterogeneous and 
includes point mutations, small deletions, and insertions 
distributed along the entire coding sequence[8-10]. In CDH1 
germline variation carriers, the lifetime penetrance is esti-
mated to be approximately 70%[11]. The identification of  
CDH1 mutations offers the opportunity for the develop-
ment of  cancer risk-reduction strategies for unaffected at-
risk individuals. About 90% of  gastric carcinoma presents 
a sporadic setting and only 10% shows a familial cluster; 
among this group, about 15% are considered as hereditary 
syndromes, such as the HDGC. For sporadic GC, germ-
line CDH1 mutations are seldom reported.

In this study, we carried out a comprehensive screen 
of  CDH1 germline mutations in 236 Chinese GC pa-
tients (175 sporadic cases and 61 cases with hereditary 
predisposition) (Table 1) and identified four novel germ-
line CDH1 mutations in sporadic GC patients. In addi-
tion, the CDH1 polymorphism frequencies in Chinese 
GC patients and controls were determined. Furthermore, 
functional assays were carried out to evaluate the impact 
of  the novel mutations identified.

MATERIALS AND METHODS
Subjects
Gastric cancer patients from the East District of  China 
having disease onset between January 1 and December 
31, 2008, in whom tumors had been confirmed using his-
tology, were investigated. The samples consisted of  178 
men and 58 women with a mean age of  62.3 ± 9.4 years 

and an age range of  30-84 years. A total of  240 cancer-
free controls were recruited (mean age of  61.8 ± 10.1 
years, age range of  26-82 years) (Table 1). Details regard-
ing the following information are summarized in Table 1: 
gastric cancer family history, age of  onset and histological 
and tumor-node-metastasis (TNM) staging classifications. 
Informed consent, according to the Ethics Committee of  
the Medical School of  Nanjing University, was obtained 
from all subjects who underwent genetic testing.

Genotyping analysis
Genomic DNA was extracted from peripheral blood leu-
kocytes using the QIAamp DNA Blood Mini Kit (Qiagen, 
Hilden, Germany) according to the manufacturer’s instruc-
tions. Mutation screening of  CDH1 exons 2-16 and 
neighboring intronic sequences was performed using 
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  Variables Cases Controls P  value

  Number 236 240
  Age (yr) 0.997
     ≤ 49   19 (8.1)   19 (7.9)
     50-59   65 (27.5)   65 (27.1)
     60-69   94 (39.8)   98 (40.8)
     ≥ 70   58 (24.6)   58 (24.2)
  Gender 0.915
     Male 178 (75.4) 180 (75.0)
     Female   58 (24.6)   60 (25.0)
  Family history
     Familial recurrence for gastric cancer1     6 (2.5)
     Low familial recurrence for gastric cancer2   39 (16.5)
     Young age (< 50 yr) of sporadic disease   16 (6.8)
     Old age (≥ 50 yr) of sporadic disease 175 (74.2)
  Histologic grade3

     Poorly differentiated adenocarcinoma   64 (39.5)
     Moderately differentiated adenocarcinoma   69 (42.6)
     Well differentiated adenocarcinoma   29 (17.9)
  Depth invasion (pT)3,4 
     pT1   12 (7.4)
     pT2   32 (19.8)
     pT3 109 (67.3)
     pT4     9 (5.5)
  Lymph node involvement (pN)3,4

     pN0   35 (21.6)
     pN1     3 (1.9)
     pN2   65 (40.1)
     pN3   59 (36.4)
  Distant metastasis (M)3,4

     M0 161 (99.4)
     M1     1 (0.6)
  TNM stage3,4

     Stage Ⅰ     8 (4.9)
     Stage Ⅱ   39 (24.1)
     Stage Ⅲ 115 (71.0)

Table 1  Frequency distributions of variables in gastric cancer 
cases and controls  n  (%)

1Individuals with gastric cancer and two or more first-degree relatives 
with gastric cancer or related cancers; 2Individuals with gastric cancer and 
one first-degree relative with gastric cancer or related cancers; 3Available 
for 162 cases; 4According to the National Comprehensive Cancer Network 
guidelines on tumor-node-metastasis (TNM) Staging Classification for 
Carcinoma of the Stomach (7th ed., 2010) by the American Joint Committee 
on cancer.



polymerase chain reaction (PCR) and high-resolution 
melting analysis using a LightScanner system (Idaho tech-
nology, Salt Lake City, UT, United States). The samples 
that presented abnormal profiles were sequenced on an 
ABI 3130-Avant automated sequencer (Applied Biosys-
tems, Foster City, CA, United States). The region around 
the transcription start site (TSS) of  the CDH1 gene 
(From promoter region to intron 1 of  CDH1 gene) was 
genotyped using PCR and directly sequenced on the ABI 
3130-Avant automated sequencer. Primer sequences and 
PCR conditions are available upon request. 

Promoter luciferase activity assay 
A dual-luciferase reporter assay system (http://www.pro-
mega.com) was used to examine the effects of  novel se-
quence variation in the promoter region on the transcrip-
tional activity of  CDH1. Briefly, DNA fragments around 
the TSS (-345 to 271 bp) were amplified by PCR using 
genomic DNA containing either the particular variant se-
quence or CDH1 wild type as a template. The amplified 
fragments were designed to contain the region possessing 
basal promoter activity. The following primer sequences 
were used: 5’-ATGCCTCGAGCCATCTCCAAAAC-
GAACAAAC-3’ (forward) and 5’-ATGCAAGCTT-
GAAGGGAAGCGGTGACGAC-3’ (reverse), which 
include the restriction sites (underlined) for XhoⅠ and 
HindⅢ, respectively. The PCR products were digested 
with XhoⅠ and HindⅢ and subsequently cloned into 
the pGL3-basic vector carrying the firefly luciferase gene 
(Promega). The nucleotide sequence of  the fragment 
inserted into each plasmid was confirmed by DNA se-
quencing. Plasmids were then transiently transfected into 
Hela cells using the Lipofect transfection reagent (Tiangen 
Biotech, Beijing, Co., Ltd., China). All plasmids were co-
transfected with the renilla luciferase gene containing the 
pRL-CMV plasmid (Promega) as an internal standard. 
Cell extracts were prepared, and luciferase activity was 
measured by a luminometer instrument (Promega) using 
the dual-luciferase reporter assay system (Promega). The 
transcriptional activity in each cell extract was determined 
from the level of  firefly luciferase after normalization to 
renilla luciferase activity. Four independent experiments 
were performed using DNA from plasmid preparations. 

RNA splicing analysis on clinical samples
Because it has been recognized that DNA sequence 
variants localized in exon-intron boundaries could be 
pathogenic by affecting exon definition and the splic-
ing of  pre-mRNA[12,13], we used RNA splicing assay to 
evaluate the variant located at the 5’ terminal of  intron 
9. Total RNA from frozen tumor tissue and paired nor-
mal tissue was extracted using RNAiso Plus (TaKaRa 
Biotechnology [(Dalian) Co., Ltd.]. Reverse transcription 
(RT)-PCR was performed in 2 steps. First strand cDNA 
synthesis was performed using PrimerScript RT reagent 
Kit (TaKaRa) with random DNA hexamers and oligo-dT 
primer according to the manufacturer’s protocol. cDNA 
was amplified in the region of  exons 7-10. Primer se-

quences were 5’-GGACCGAGAGAGTTTCCCTACG-3’ 
(sense) and 5’-GTTATTTTCTGTTCCATAAATG-3’ 
(antisense). PCR conditions were as follows: 35 cycles 
at 94 ℃ for 30 s, 58 ℃ for 30 s and 72 ℃ for 30 s, fol-
lowed by a final extension at 72 ℃ for 5 min. Agarose gel 
electrophoresis was carried out using 2% gels run at 100 
V for 40 min. The purified amplification products were 
sequenced on the ABI 3130-Avant automated sequencer.

Bioinformatics analysis of CDH1 variants
The impact of  amino acid allelic variants on protein 
structure/function can be predicted via analysis of  mul-
tiple sequence alignments and protein 3D-structures. The 
sorting intolerant from tolerant (SIFT) algorithm and 
Polymorphism Phenotyping (PolyPhen) were adopted.

SIFT is a program that predicts the effect of  amino 
acid substitutions on protein function based on sequence 
conservation during evolution and the nature of  the 
amino acids substituted in a gene of  interest[14]. The SIFT 
score was calculated online (http://sift.jcvi.org/). If  the 
value is less than 0.05, the amino acid substitution is pre-
dicted as intolerant, while those with a value greater than 
or equal to 0.05 are classified as tolerated.

PolyPhen is an automatic tool for prediction of  the 
possible impact of  an amino acid substitution on the 
structure and function of  a human protein based on 
straightforward physical and comparative considerations[15] 
(http://genetics.bwh.harvard.edu/pph/). Each of  the two 
amino acid residues [the original residue and the single-
nucleotide polymorphism (SNP)] was entered and the dif-
ference between the position-specific independent counts 
(PSIC) scores of  the two residues was computed. The 
higher a PSIC score difference is, the higher the functional 
impact a particular amino acid substitution is likely to 
have. A PSIC score difference of  1.5 and above is consid-
ered to be damaging.

Statistical analysis
χ 2 tests or Fisher’s exact tests were used to compare the 
distribution of  variables between cases and controls. 
Luciferase activities were compared using Student’s un-
paired t test. All statistical tests were two-sided, with a 
P value of  0.05 considered to be significant, using SPSS 
software (version 16).

Results
Characteristics of the study population
The study was comprised of  236 gastric cancer cases and 
240 cancer-free controls. There were no significant dif-
ferences in the distributions of  age or gender between 
the cases and controls (P = 0.997 and 0.915, respectively) 
(Table 1). The majority of  studied cases were sporadic; 
approximately 20% had a family history of  cancer. The 
tumor type was assessed in 162 cases, and more than 
80% of  the cases had poorly differentiated or moderately 
differentiated adenocarcinoma; more than 70% of  the 
cases were in TNM Stage Ⅲ (Table 1).
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radic GC patients, with poorly differentiated or moder-
ately differentiated adenocarcinoma (Table 4). The case 
with CDH1 c.604G>A (V202I) mutation harbors the 
MLH1 c.2101C>A (Q701K) mutation as well[16].

Functional characterization of the novel CDH1 variants
c.-49T variation contribute a slightly higher promot-
er activity of  the CDH1 gene than the wild type: The 
c.-49T alteration was near the TSS of  the CDH1 gene 
(49 bp before the start codon, and +76 bp relative to the 
TSS). To examine the potential effect of  the c.-49T varia-
tion on E-cadherin gene transcription, a 616-bp promot-
er of  the E-cadherin gene (-345 to 271) carrying either 
the G or T allele was inserted upstream of  the luciferase 
gene in the pGL3 promoterless enhancer plasmid vector. 
The activity of  the E-cadherin G/T promoter-luciferase 
reporter gene constructs was assessed using transient 
transfection assays in Hela cells. As shown in Figure 2, 
slightly higher luciferase activities were observed for the 
pGL-T construct compared with the pGL-G (wild type) 

CDH1 genetic screening revealed four novel germline 
sequence variants
Four novel CDH1 germline variations were identified 
in gastric cancer patients. One of  the variants was lo-
cated in the CDH1 5’UTR (c.-49 G>T) and is seemed 
to be a polymorphism since it is found in both the 
cases and controls. The other three were only detected 
in the GC cases and not seen in the controls. One was 
a missense mutation in the coding region [c.604G>A 
(V202I)], one was a three-nucleotide deletion in exon 1 
(c.44_46del TGC) and the other was an intronic variation 
(c.1320+7A>G) (Figure 1 and Table 2). In addition, ten 
CDH1 polymorphisms (and their frequencies) were ob-
served. The polymorphisms frequencies are similar to the 
data available at the SNP website (http://www.ncbi.nlm.
nih.gov/projects/SNP/) (Table 3). 

Clinical-pathologic characteristics of the GC cases with 
novel CDH1 mutations
The cases carrying novel CDH1 mutations were all spo-

  Gene location Sequence variant Consequence
Genotype

Gastric cancer patients (n  = 236) Control (n  = 240) P  value

  5’UTR c.-49 G>T Substitution at the 5’UTR 4 (1.7) 3 (1.3) 0.723
  Exon 1 c.44_46delTGC Loss of the 15th code (Leu)   2 (0.85) 0 (0.0) 0.245
  Exon 5 c.604G>A Missense V202I 1 (0.4) 0 (0.0) 0.496
  Intron 9 c.1320+7 A>G Substitution of invariant A 1 (0.4) 0 (0.0) 0.496

Table 2  Novel CDH1 mutations and polymorphism identified in Chinese gastric cancer patients  n  (%)

Two-sided χ 2 test or Fisher's exact test for genotype distribution

  Gene location Sequence variant Condon MAF in 236 GC patients MAF in 240 controls Reported MAF1

  Promoter -164del T(g.4837delT) - 0.004del T 0.000del T rs5030658: NA
  Promoter -161C>A(g.4840C>A) - 0.242A 0.227A rs16260: 0.227A
  Promoter -73A>C (g.4928A>C) - 0.129C 0.146C rs28372783: 0.040C
  Intron 1 c.48+6C>T - 0.280C 0.271C rs3743674: 0.214C
  Intron1 c.48+62_48+63delinsCGTGCCCCAGCCC - 0.280del2 0.271del2 rs3833051: NA
  Exon 7 c.894C>T A298A 0.002T 0.000T rs139110184: NA
  Exon 9 c.1224G>A A408A 0.002A 0.000A rs200161607: 0.001A
  Exon 12 c.1888C>G L630V 0.004G 0.004G rs2276331: 0.002G
  Exon 13 c.2076T>C A692A 0.377T 0.404T rs1801552: 0.307T
  Exon 14 c.2253C>T N751N 0.089T 0.102T rs33964119: 0.058T

Table 3  Polymorphisms identified in CDH1 in Chinese gastric cancer patients and controls

1From http://www.ncbi.nlm.nih.gov/projects/SNP/; 2Coincident with MAF of c.48+6C>T variant. GC: Gastric cancer; MAF: Minor allele count; NA: Not 
available.

  ID code Age onset 
(yr) Gender Family 

history Histologic grade Depth invasion 
(pT)

Lymph node 
involvement (pN)

Distant 
metastasis (M) CDH1 variants

  G45 66 Female Sporadic Poorly differentiated adenocarcinoma pT3 pN3 M0 c.44_46delTGC
  G68 51 Male Sporadic NA NA NA NA c.44_46delTGC
  G1501 58 Male Sporadic Moderately differentiated adenocarcinoma pT2 pN3 M0 c.604G>A (V202I)
  G26 56 Male Sporadic Moderately differentiated adenocarcinoma pT3 pN2 M0 c.1320+7 A>G

Table 4  Available clinical-pathologic characteristics of the gastric cancer cases with novel CDH1 mutations

1Also harbors the MLH1 c.2101C>A (Q701K) mutation[16]. NA: Not available.
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construct. The average activity of  the promoter having 
the c.-49T variation was 133.7% (P = 0.002) relative to 
the CDH1 wild type promoter.

c.44_46del TGC variant causes the loss of  one leu-
cine in the signal peptide region of  the E-cadherin 
protein: Codon sequence analysis demonstrated that the 
three-nucleotide deletion c.44_46del TGC causes the loss 
of  a single amino acid [the 15th codon (Leucine)] in exon 
1 of  CDH1, which is in the signal peptide region of  the 
E-cadherin protein.

Intron variation (c.1320+7A>G) and the silent mu-
tation [c.1224G>A (A408A)] do not induce CDH1 
splicing defects: To evaluate functional consequence 
of  those novel mutations detected on pre-mRNA splic-
ing, we analyzed cDNA produced in vivo from tissues re-
trieved from the patients harboring the novel mutations. 
The PCR fragment generated using primers flanking 
the silent mutation [c.1224G>A (A408A)] and the one 
intron variation (c.1320+7A>G) indicated normal-sized 
mRNA. This result demonstrated that a splicing defect 
was not likely to occur as a consequence of  these muta-
tions (Figure 3).

c.1888C>G (L630V) missense mutation might impair 
E-cadherin protein function while the V202I muta-
tion does not: Two CDH1 missense mutations were 
detected. Both the SIFT score and the PolyPhen analysis 
demonstrated that the L630V variant was sorted as being 
intolerant, suggesting that this amino acid substitution is 
predicted to damage protein function. The other variant, 
V202I, of  CDH1 was sorted as tolerant (Table 5).

Discussion
The discovery of  genetic variants responsible for the 
pathogenesis of  gastric cancer is important in under-
standing this disease. Although screening of  CDH1 
germline mutations in hereditary GC has been fairly well 
established, the report of  CDH1 germline mutations in 

  Sequence variant Structural 
alteration

SIFT 
scores

PSIC score 
difference Prediction

  c.604G>A V202I 0.20 0.381 Benign
  c.1888C>G L630V 0.02 1.748 Probably damaging

Table 5  CDH1  missense mutations analyzed by sorting 
intolerant from tolerant and PolyPhen

SIFT: Sorting intolerant from tolerant; PSIC: Position-specific independent 
counts.
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Figure 1  Novel variations detected in this study. A: c.44_46del TGC; B: c.-
49G>T; C: c.604G>A (V202I); D: c.1320+7A>G. 
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Figure 2  Luciferase reporter assay for the CDH1 c.-49 G>T variant. The 
average relative luciferase activity (with standard deviation) is shown. The activ-
ity of CDH1 wild type was defined as 100%.
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Figure 3  Results of reverse transcription polymerase chain reaction for CDH1 
in patient G26 (c.1320+7A>G, intron 9) and patient G181 [c.1224G>A(A408A), 
exon 9] using primers in exons 7 and 10. Both patients had an expected band of 
567 bp. M: Molecular size markers; T: Tumor tissue; N: Paired normal tissue.
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sporadic GC is limited. Bacani et al[17] identified a germline 
deletion (nt41delT) in a 30-year-old sporadic GC patient 
and suggested that 2%-3% of  cases of  early-onset gas-
tric cancer in North America may be owing to high-risk 
genetic mutations. Garziera et al[18] reported a germline 
missense mutation in CDH1 exon 6, c. 820 G>A (G274S) 
in one sporadic Italian gastric cancer patient. Here, we 
report a population-based study of  GC to determine the 
role of  germline mutations in a population at a high risk 
for GC. The majority of  studied cases were sporadic. We 
have studied all of  the coding and promoter core regions 
of  the most important gene implicated in GC and have 
identified four novel CDH1 sequence variants distributed 
along the entire coding sequence and the non-coding 
regions in the CDH1 gene. This is consistent with previ-
ously published reports[19], suggesting that CDH1 muta-
tions have arisen without mutational hotspots. 

The c.-49 G>T transition was detected in 4/236 
(1.7%) of  GC patients and 3/240 (1.3%) of  cancer-
free controls; however, these differences did not achieve 
significance (P = 0.723, Table 2). One patient with this 
variant had low familial recurrence for gastric cancer, but 
IHC showed normal CDH1 protein expression. Previous 
studies have demonstrated that a fragment spanning -399 
to +31 bp relative to the TSS of  the CDH1 gene pos-
sesses basal promoter activity[20]. As this variant is around 
the TSS of  the CDH1 gene, a luciferase reporter assay 
was carried out. This in vitro assay showed that the c.-
49T promoter had 33% higher activity than the promoter 
containing the c.-49G (Figure 2). So this polymorphism 
might be helpful for E-cadherin transcription, though the 
increase in transcription activity is limited (only 33%).

The c.44_46del TGC variant was detected in two spo-
radic GC patients of  51 years and 66 years and was not 
detected in the 240 controls. One patient’s pathological 
data was available, which showed a poorly differentiated 
adenocarcinoma (Table 4). To the best of  our knowledge, 
this variant has never been reported in the open access 
mutation database and literatures. As the parents of  the 
probands are not available for mutation analyzing, we are 
not certain whether it’s a de novo mutation. This variant 
seems to be a rare variant with an allele frequency in GC 
patients of  0.85% and can even be considered as a kind of  
mutation hotspot, as it has been detected in two patients 
with no relationship. Recently rare variants have been 
reported in several diseases, include cancer. The identi-
fied rare variants often have functional effects on protein-
protein interactions. Further, rare variants might confer 
a stronger increase in disease risk than common variants 
and may make a substantial contribution to the multifacto-
rial inheritance of  common chronic diseases[21-24]. Codon 
sequence analysis demonstrated that the c.44_46del TGC 
variant causes the loss of  a single amino acid [the 15th co-
don (Leucine)] in exon 1 of  CDH1 which is in the signal 
peptide region of  the E-cadherin protein. This amino acid 
loss might have effect on E-cadherin protein, and further 
functional analysis should be carried out to investigate as-

sociations of  the variant with phenotype. 
Growing evidence has shown that rare single base 

substitutions localized in exon-intron boundaries can 
disrupt one of  the cis-transcriptional elements known as 
exonic splicing enhancers and affect normal pre-mRNA 
splicing[12,13]. Therefore, it appears reasonable to verify the 
effect of  variants at the mRNA level. The sequence alter-
ation c.1320+7A>G, located in an exon-intron boundary, 
was detected in a 56-year-old GC patient and not in the 
240 controls (Table 2). RNA splicing assay demonstrated 
that this variation did not affect exon splicing ability (Fig-
ure 3) and might be rare polymorphism.

The CDH1 molecule consists of  five tandemly re-
peated extracellular domains (EC1-EC5, containing 
exons 4-13), each about 110 amino acids in length. This 
large extracellular domain is responsible for Ca2+ bind-
ing and is important for cell-cell adhesion. The NH2-
terminal EC1 domain is required for lateral E-cadherin 
dimerization contributing to the intercellular junc-
tion[25-27]. A novel missense mutation, V202I, is located in 
the middle of  EC1. While EC1 shows remarkably high 
conservation between various species[28], SIFT and Poly-
Phen analyses both showed that V202I might be a toler-
ant variation (Table 5). The GC patient with this variation 
carried the MLH1 c.2101C>A (Q701K) mutation as 
well. IHC analysis in the index patient demonstrated a 
loss of  MLH1 protein and normal expression of  MSH2 
and E-cadherin[16]; therefore, we suggest that the MLH1 
c.2101 C>A (Q701K) mutation, and not the CDH1 
c.604G>A (V202I) variation, might be the cause of  GC 
in this patient. 

In addition, frequencies of  CDH1 polymorphisms in 
Chinese GC patients and controls were reported which 
were similar to those reported at http://www.ncbi.nlm.
nih.gov/projects/SNP/ (Table 3). It needs to say some-
thing about the rare polymorphism, c.1888C>G (L630V). 
The SIFT score of  the CDH1 variants and the PolyPhen 
analysis both showed that the L630V variant probably 
damages protein function (Table 5). However, data from 
case-control analysis did not support an effect of  this 
L630V variant (Table 3). Accordingly, the pathogenic 
role of  this polymorphism remains elusive and in vitro ap-
proaches should be performed to elucidate its function.

In conclusion, this study reveals novel mutations in 
sporadic GC patients in China, a high-incidence country 
for GC. Though the pathogenic role of  the variants re-
mains still uncertain, our findings display the necessity to 
scan germline CDH1 variants in sporadic gastric cancer 
population.
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