Journal of Gastrointestinal Cancer (2019) 50:420-427
https://doi.org/10.1007/512029-018-0082-7

ORIGINAL RESEARCH

@ CrossMark

Novel Variants and Copy Number Variation in CDH1 Gene in Iranian
Patients with Sporadic Diffuse Gastric Cancer

Abbas Moridnia' - Mohammad Amin Tabatabaiefar' - Mehrdad Zeinalian' - Mohammad Minakari? -
Majid Kheirollahi' @ - Noushin Afshar Moghaddam?

Published online: 26 March 2018
© Springer Science+Business Media, LLC, part of Springer Nature 2018

Abstract

Introduction The aim of this study was to survey the nucleotide changes and copy number variations (CNV) in the CDH1 gene in
Iranian patients with sporadic diffuse gastric cancer (SDGC).

Materials and Methods In this study, 28 patients were examined who upon gastrectomy had been diagnosed with SDGC
according to the familial history and histopathological criteria which was confirmed by the pathologist. DNA extraction was
performed from formalin-fixed paraffin-embedded tissues using a phenol-chloroform method following xylene deparaffinization.
Determination of DNA sequence by Sanger was performed using PCR amplification of 16 exons and boundaries of intron/exon of
CDHI1 gene. Multiplex ligation-dependent probe amplification (MLPA) was performed on patients with pathogenic disorders in
the sequence.

Results In total, patients included 20 males and 8 females. Of all patients, 12 patients were under 45 years old (early onset gastric
cancer, EODC) and 16 patients were older. The tumor was diagnosed in the early TNM stage (I, II) in six patients and in late stages
(L IV) in 19 cases. Altogether, 16 variants (three exonic with one new variant and 13 intronic with nine new variants) were found
in DNA sequencing of the CDH1 gene in five samples. Also, using MLPA, a new duplication in exon 9 and one deletion in exon 2
were detected in two other patients. Altogether, CDH1 variants were identified in seven out of 28 patients (25%).

Conclusion Our study revealed several novel somatic variants in the CDH1 gene in Iranian patients with sporadic diffuse GC.
Our data supports the hypothesis that mutations in CDH/ gene, and particularly the mutations we describe, should be considered,
even in sporadic cases of gastric cancer. The presence of these mutations in patients raises important issues regarding genetic
counseling and diagnostic test in DGC patients.
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Introduction 2012 [1]. Diffuse gastric cancer (DGC) accounts for approx-
imately 30% of all GCs, with poor prognosis mainly in young
Gastric cancer (GC) is the fourth common cancer in the world, patients [2, 3]. Early onset gastric cancer (EOGC) is defined as

accounting for 7% of all cancers and 9% of all cancer deathsin ~ gastric cancer at age of 45 or earlier, and it contains
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approximately 10% of all gastric cancers. EOGC can occur in
two forms of hereditary or sporadic. Epigenetic inactivation
and CDHI gene mutations are causes of diffused form of
EOGC and HDGC [4]. The incidence rate of diffuse-type
gastric cancer was increased up to 62% within 1996 and
2000, while it has declined roughly between 2001and 2005
[5]. GCs are morphologically very heterogeneous. Most GCs
are sporadic (90%) and a positive family history exists in just
about 10% of cases [6], of which 1-3% are hereditary. There
are three known hereditary syndromes for GC: hereditary dif-
fuse GC (HDGC), familial intestinal GC (FIGC), and gastric
adenocarcinoma and proximal polyposis of the stomach
(GAPPS) [2, 7]. Despite the known molecular genetic causes
in HDGC, most GCs are sporadic, and the susceptibility genes
have been poorly investigated. There are two types of GCs,
including diffuse and intestinal, but their clinicopathologic
profile and epidemiological features are different [8]. The in-
cidence rate of the intestinal GC in most countries is gradually
decreasing. In contrary, the incidence of the diffuse type is
constant or even increased [9]. Most GCs are multifocal and
located beneath a healthy mucosal surface. Histologically, the
tumor cells invade the surrounding tissues, and there is no
mass formation. In most cases, the intracellular mucin pushes
the nucleus to one side that leads to the signet ring cell carci-
noma (SRCC) [10, 11].

Although mutations in the CTNNAI, BRCA2, STK11,
SDHB, PRSS1, ATM, MSR1, and PALB2 genes are introduced
at DGC, but the CDH1 gene mainly changes in DGC [12]. The
deleterious germline mutations in the CDH/ gene can lead to
HDGC [13]. However, there is controversy about the preva-
lence of the CDH mutations in different studies. While, some
studies show the high prevalence of CDH somatic mutations
in sporadic diffuse GC cases, others report very rare prevalence
of the mutations [14—16]. In addition, epigenetic inactivation
of CDH1 by promoter hypermethylation is the most common
occurrence in DGC and plays a vital role as a second-hit mech-
anism in inactivation of the normal allele in HDGC patients
and patients with germline CDHI mutations [17].

The CDHI gene is located in chromosome 16qg22.1 and
contains 16 exons with a 4.5-kb mRNA which encodes E-
cadherin [18]. Cadherin is a glycoprotein composed of three
domains including extracellular, transmembrane, and cyto-
plasmic domain. E-cadherin is a calcium-dependent cellular
adhesion molecule playing a significant role in mechanisms
regulating cell adhesions, motion, and proliferation of epithe-
lial cells [19, 20]. Dysregulation of E-cadherin is associated
with tumor invasion and progression [18]. The majority of the
germline mutations are identified to date as single nucleotide
substitutions, which lead to non-synonymous changes or
insertion/deletion of a few base pairs, leading to deleterious
frameshift mutations [12]. On average, 5% of the familial
cases are due to the large deletions including several exons
of the gene [21, 22]. Accordingly, some techniques like

multiplex ligation-dependent probe amplification (MLPA)
method can be used to identify quantitative changes in the
CDH|1 gene or other genomic regions in patients with DGC.

To date, according to human gene mutation database
(HGMD), 121 variants have been reported for CDHI gene.
Moreover, large deletions may also be responsible for CDH1
inactivation [23, 24]. As E-cadherin is a tumor suppressor gene,
a second hit is required to disable the wild type allele through
diverse mechanisms, including genetic and epigenetic alter-
ations [25]. Based on what has been said, E-cadherin (CDH1)
is one of the vital significant tumor suppressor genes in gastric
cancer that its inactivation contributes to tumor development
via increase in proliferation, metastasis and, invasion. CDH1
structural variations pose as a poor prognostic factor, and its
somatic alterations are present in all the clinical settings and
histological types of gastric cancer and associated with diverse
survival rates. CDH1 is a potential predictive biomarker of
response to therapy as its deficiency decreases tumor cell sen-
sitivity to therapy. Since, there is no specific hotspot mutation
region in the CDH1 gene, there is a need to examine the entire
gene in GC cells to find mutations. In this study, we report
several novel CDH/ variants and large deletion/duplication in
Iranian patients with sporadic diffuse GC.

Materials and Methods
Patients and Sampling

The cases were 28 Iranian patients with SDGC confirmed by
pathologist base on histopathological features and absent
criteria based on International Gastric Cancer Linkage
Consortium (IGCLC) [26]. They were selected among GC
patients identified between January 2011 and April 2016 in
Al-Zahra hospital, a referral hospital in Isfahan province, cen-
tral Iran, and Alaa cancer control center, a charity-based foun-
dation for cancer patients in Isfahan. All samples were
formalin-fixed paraffin-embedded (FFPE) tumor tissues. The
FFPE tumor samples were cut to 5-10 pwm thickness sections
for DNA extraction by SDS-proteinase K digestion, phenol
chloroform, and ethanol precipitation. Informed consent
forms were signed by all the patients or their families. The
study was approved by the Review Board of Isfahan
University of Medical Sciences, according to the ethical stan-
dards of the responsible committee on human experimentation
and with the Helsinki Declaration.

DNA Sequencing
The obtained DNA was amplified by polymerase chain reac-
tion (PCR). All the coding exons and flanking intronic regions

of the CDH1 gene were amplified using primers designed by
authors (Table 1). The PCR product of each reaction was
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subjected to direct sequencing on an ABI 3130XL capillary
sequencing platform (Applied Biosystems/Life Technologies,
Carlsbad, CA, USA). The results of sequencing were obtained
as electropherograms and analyzed with the Chromas soft-
ware version 2.31. Evaluation of intronic variants was per-
formed using Human Splice Finder (version 3.0).

Multiplex Ligation-Dependent Probe Amplification

All cases with no pathogenic variants in the CDHI gene were
tested for large genomic deletions/duplications using SALSA
P083-C2 CDHI multiplex ligation-dependent probe amplifica-
tion (MLPA) kit (MRC-Holland, Amsterdam, the Netherlands).
The reactions were performed according to the manufacturer’s
protocols. The probe ratio (PR) less than 0.7 was considered
indicative for a gene dosage reduction, and a PR more than 1.3
could be indicative for increase in the gene dosage.

Table 1 List of primers for PCR of CDHI gene

CDHI F1 GTGAACCCTCAGCCAATCAG
CDHI R1 GACGACGGGAGAGGAAGG
CDHI F2 GGTTTCGGTGAGCAGGAG
CDHI R2 AAGGGGTGTCGTTTGAGC
CDHI F3 TGGAGAAGGAATGCTCTTGT
CDHI R3 GCTGAGAAACCTGGATTAGA
CDHI F4 GTCTGGCTAGGTTGGACTG
CDHI R4 TCCCTTTCTCTCCTTGGTAC
CDHI F5 CTGGTTCAGGTAGAGAAAGAAGT
CDHI RS AAGCTCCTCATGTGTTCAGAG
CDHI F6 GCTCAAGTCACCCTCACT
CDHI R6 GCATATAACACAACAATGGCT
CDHI F7 TCATCTCCTTGAACTCTTCCA
CDHI R7 CTTAGACCATCACTGTATTAACTG
CDHI F8 GGTTCCGTGCCTAGAAGAC
CDHI R8 ACTTCGCCCATGAGCAGT
CDHI F9 AATGACACATCTCTTTGCTCTG
CDHI R9 CACTACAATCTGGGAAAGTCAC
CDHI F10 TGAGCAGATTTGAGAAGCCA
CDHI R10 GAACAGGTGAAAGGAGCACAG
CDHI F11 CATGTTGTTTGCTGGTCCT
CDHI R11 CCTGACTTTACCACTACACATCT
CDHI F12 TGGTCTGGTGGAAGGCAAT
CDHI R12 TTGAAAGGTGGGGATCTGG
CDHI F13 GCTCTGCTCTCTTCACTCG
CDHI R13 AGTCTCTTTCCCACATCAGC
CDHI F14 TCTCAACACTTGCTCTGTCTC
CDHI R14 CTGTTTCAAATGCCTACCTC
CDHI F15 AGATCATACAGTTGGCAGTGAA
CDHI R15 CAGGCAAGCTGAAAACATAGT
CDHI F16 GTGTGCCCTTCCTTTCACTA
CDHI R16 CATCACCACCATGTAAAGAGTG

Results
Epidemiological and Clinicopathologic Results

Out of 28 studied cases (20 males and 8 females), 16 pa-
tients were older than 45 and 12 were under 45 years old
(EOGC). The mean age of the patients at diagnosis was
54.5 years. The mean age of diagnosis for male and female
patients were 52.85 and 58.75, respectively. In six patients
(21.4%), tumor had been identified in early TNM stage (I,
II), and in 19 cases (67.9%) tumor had been identified in
late stages (111, IV). In three patients (10.7%), the patholog-
ical stage of tumor had not been determined. “Signet ring
cell carcinoma” and “poorly differentiated adenocarcino-
ma” had been reported in 21 (75%) and 7 (25%) of cases
as the histopathological type of the tumor, respectively
(Table 2).

Table 2 Epidemiologic and clinicopathologic features of sporadic
diffuse gastric cancer patients

Gender  Age of Stage  Histopathological type
diagnosis
Male 68 I Signet ring cell carcinoma
42 I Signet ring cell carcinoma
43 11 Signet ring cell carcinoma
Female 65 1B Signet ring cell carcinoma
41 I Signet ring cell carcinoma
70 I Poorly differentiated adenocarcinoma
Male 49 1A Signet ring cell carcinoma
52 1A Signet ring cell carcinoma
68 HIA Poorly differentiated adenocarcinoma
57 1B Signet ring cell carcinoma
42 A Poorly differentiated adenocarcinoma
78 1Ic Signet ring cell carcinoma
44 1A Poorly differentiated adenocarcinoma
40 1B Signet ring cell carcinoma
62 1Ic Signet ring cell carcinoma
42 1B Signet ring cell carcinoma
51 1A Signet ring cell carcinoma
40 v Poorly differentiated adenocarcinoma
41 v Signet ring cell carcinoma
61 v Signet ring cell carcinoma
44 v Signet ring cell carcinoma
Female 75 1cC Signet ring cell carcinoma
43 1IC Signet ring cell carcinoma
70 mc Poorly differentiated adenocarcinoma
63 v Signet ring cell carcinoma
Male 80 - Poorly differentiated adenocarcinoma
53 — Signet ring cell carcinoma
Female 43 - Signet ring cell carcinoma
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Sequence Analysis

Except for three samples which were excluded due to their
low quality, all the coding exons and flanking intronic regions
of the CDHI gene were successfully PCR amplified in all
patients, and DNA sequencing of the amplified PCR products
showed ten new variants in CDH1 gene of the tumor samples
(Table 3). Exonic alterations were synonymous, and evalua-
tion of intronic variants revealed a potential effect on splicing
site in seven different variants.

MLPA Results

We found one duplication in exon 9 (CDHI probe 16884-
L19717) (Fig. 1a) and one deletion in exon 2 (CDHI probe
12657-L14803) (Fig. 1b). In two patients, we found one dupli-
cation in exon 9 (CDHI probe 16884-L19717) (Fig. 1a), and
one deletion in exon 2 (CDH1 probe 12657-L14803) (Fig. 1b)
using the MLPA technique. These deletion and duplication
with these probes have not yet been reported (Fig. 2). The
normal sample from the same patient was obtained for normal-
ization and as the negative control. The ABI Step One Plus
(Applied Biosystems, Foster City, CA, USA) instrument and
AACt method were used for data analysis.

Amino Acid Substitutions
Some synonymous likely benign variants were explored. A

single base pair substitution in three samples causes G to A
transition, and the result is a single amino acid substitution at

codon 116 as p.116L>L (Fig. 3a). In addition, a single base
pair substitution in two samples producing T to C transition
that leads to a synonymous amino acid substitution at codon
692 as p.692A>A was found (Fig. 3b). Finally, a single base
pair substitution in one sample, resulting in a C to T transition
leading to a synonymous amino acid substitution at codon 751
as p.751N>N (Fig. 3c) was detected (Table 3).

Intronic Substitutions and Splicing Site Effects

We also identified some likely benign variants in intronic sites.
A single base pair substitution consisting a T to G transversion
(c.2439+103T>G) in one sample (Fig. 3d), a single base pair
substitution including a C to G transversion (c.2296-22C>G) in
four samples (Fig. 3e), a base pair deletion in three samples
(c.1937-58delA), a single base pair substitution in one sample
(c.2164+49G>A), one base pair substitution in one sample
(c.2439+52G>A), one single base pair substitution (c.2296-
48C>QG) in four samples, and finally, one single base pair sub-
stitution (¢.2296-44T>G) in four samples (NM_004360.3) were
found. Bioinformatics analysis using Human Splicing Finder
showed that these alterations may be affected by the splicing
site, and new potential splice sites could be created (Table 4).

Discussion

GC is the fourth most common cancer worldwide, accounting
for 9% of all cancer-related mortality in 2012 [1]. On the other
hand, a significant part of all types of GC is diffused type with

Table 3  Exonic and intronic variants in the CDHI gene in patients with sporadic diffuse gastric cancer
Sample ID Substitution ~ Exon or exon/intron ~ Deletion =~ Homozygosity =~ Amino acid = Chromosome location
boundary
47,25 G>A 3 - Heterozygot* L116L NM_004360.3:c.348G>A
4,5 T>C 13 - Heterozygot A692A NM 004360.3:¢.2076T>C 1s:1801552
25 C>T 14 - Heterozygot N75IN NM 004360.3:¢.2253C>T rs:33964119
25 G>T 3 - Homozygot* Intronic NM 004360.3:¢.387+47G>T
5 G>A 10 - Heterozygot* Intronic NM 004360.3:¢c.1321-30G>A
5 T>A 10 - Heterozygot* Intronic NM 004360.3:¢c.1321-16T>A
4,5,7 - 13 A* - - NM_004360.3:¢.1937-58delA
5,7 T>C 13 - Heterozygot Intronic NM 004360.3:¢.1937-13T>C 1s:2276330
25 G>A 13 - Heterozygot Intronic NM _004360.3:¢.2164+49G>A 15:774975562
25 G>A 13 - Heterozygot* Intronic NM 004360.3:¢.2164+46G>A
23 G>C 14 - Heterozygot* Intronic NM_004360.3:¢.2295+74G>C
4 G>A 15 - Heterozygot Intronic NM_004360.3:¢.2439+52G>A 15:33965115
5 T>G 15 - Heterozygot* Intronic NM_004360.3:¢.2439+103T>G
4,7,23,25 C>G 15 - Heterozygot* Intronic NM_004360.3:¢.2296-48C>G
4,7,23,25 T>G 15 - Heterozygot* Intronic NM_004360.3:¢.2296-44T>G
4,7,23,25 C>G 15 — Heterozygot Intronic NM_004360.3:¢.2296-22C>G rs:763184960

*New variants
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Fig. 1 (a) Coffalyser electrophoretogram of the CDH1 gene. The above
electrophoretogram is normal control and below is present patient. Arrow
indicates duplication in exon 9. (b) Coffalyser electrophoretogram of the

very little data in developing countries such as Iran [2, 3]. The
global incidence of GC is very different, and the reason for
this difference is unknown. GC has different characteristics in
regions with low and high risk. In regions with high risk,
carcinogenesis factors such as environmental, life style, and
specific foods are more possibly associated with the GC,
while genetic factors, such as CDHI gene mutations are very
rare [27]. GC is the most common cause of cancer death in
Iran, especially in the North and North West of Iran. Unlike
Japan, North America, and Western Europe, the incidence of
GC has increased in Iran over the past 30 years [28]. The rate
of CDHI mutations in diffuse GC prior to 2010 was reported
to be between 25 to 50%, using the guidelines established in
1999 [12, 29]. However, using the updated criteria with more
specificity, mutation rate in CDHI gene was declined to 10 to

@ Springer
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CDH|1 gene. Above electrophoretogram is normal control and below is
present patient. Arrow indicates deletion in exon 2

18% in countries with low incidence of GC [30-32]. In one
study that was conducted on 21 DGC patients in Italy, two of
them (9.5%) have shown mutation that one of them was mis-
sense by ¢.670C>T as p.Arg224Cys and one substitution at -
63C>A, also stages of disease in this study were 23.8 and
71.5% in early TNM stage (I, II) and in late stages (III, V),
respectively [33]. In another study on 25 patients with sporad-
ic EODGC, 8.0% mutation in the CDHI gene was identified
by one nonsense as p.Arg335* in exon 7 and one missense as
p.Gly239Arg in exon 6 [4].

So far, only one study has been reported in Iran in which
CDH1 gene mutations have been evaluated in a single family
with HDGC cases, and a novel truncating mutation has been
identified in position 758 (G 758 stop) [34]. In this study, we
identified somatic variants in 7 out of 28 (25%) patients with
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Fig. 2 Fold change graph of exon
2 and 9 CDHI gene. Patient 1 Fold Change
indicates heterozygote deletion in
exon 2, and patient 2 indicates 2
heterozygote duplication of exon 18
9 A
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SDGC. Substitution alterations in our samples were located on
exons 3, 13, and 14. Substitution ¢.348G>A is located in exons
3 and ¢.2076T>C located in exon 13 of CDH1 gene encoding
for extracellular domain of E-cadherin. Since the extracellular
domain is necessary for cell-cell adhesion [18], its alterations
can rupture the cell adhesion. On the other hand, substitution
¢.2253C>T located in exon 14 and encoding for the cytoplas-
mic domain of E-cadherin. This part of E-cadherin plays a
central role in tumor-suppressing function. This domain binds
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Fig. 3 (a) Sequence electropherogram of the exon 3 CDHI gene. Arrow
indicates location of the base substitution G>A at ¢.348G>A as
p-116L>L. (b) Sequence electropherogram of the exon 13 of the CDH1
gene. Arrow indicates location of the base substitution T>C at ¢.2076T>C
as p.692A>A. (c¢) Sequence electropherogram of the exon 14 of the
CDH1 gene. Arrow indicates location of the base substitution C>T at

to 3-catenin and inhibits nuclear signaling pathway of this
proto-oncogene [34]. In our study, one novel duplication var-
iant in exon 9 and one large deletion in exon 2 were identified
in two cases via MLPA technique. Exon 2 involved in
propeptide part of E-cadherin and exon 9 encoding for extra-
cellular domain, and alterations in these regions can lead to
impaired production and dysfunction of this protein. In one
study, large deletion exon 11 CDHI gene by MLPA was re-
ported [35]. Molinaro et al. have demonstrated a large deletion

c.2253 C>T as p.75IN>N. (d) Sequence electropherogram of the
exon/intron boundary 15 of the CDHI gene. Arrow indicates location
of the base substitution T>G at ¢.2439+103T>G. (e) Sequence
electropherogram of the exon/intron boundary 15 of the CDHI gene.
Arrow indicates location of the base substitution C>G at ¢.2296-22C>G
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Table 4 Intronic variant that can effect splicing sites of 1964 and later versions. Informed consent or substitute for it was
obtained from all patients for being included in the study.
Sample Splice site Consensus value
type (0-100)
NM_004360.3:¢.2439+103T>G Acceptor  85.18 References
Acceptor  84.02
Donor 69.7 1. Donner I, Kiviluoto T, Ristimdki A, Aaltonen LA, Vahteristo P.
. Exome sequencing reveals three novel candidate predisposition
NM_004360.3:¢.1937-58del A Acceptor 70.07 genes for diffuse gastric cancer. Familial Cancer. 2015;14(2):241-6.
NM_004360.3:¢.2164+49G>A Acceptor 66.03 2. Bosman FT, Carneiro F, Hruban RH, Theise ND. WHO classifica-
Donor 73.05 tion of tumours of the digestive system, WHO classification of
NM 004360.3:¢.2439+52G>A Acceptor  66.39 tumours, vol 3. 4th ed. Lyon: IARC Publications; 2010.
NM_004360.3:¢.2296-48C>G Acceptor 69.78 3. Oliveira C, Sousa S, Plnhelro H, 'Kararp R, Bordelr.a{Iamg.o R,
Senz J, et al. Quantification of epigenetic and genetic 2nd hits in
NM_004360.3:¢.2296-44T>G- Donor 73.78 CDHI1 during hereditary diffuse gastric cancer syndrome progres-
€.2296-48C>G sion. Gastroenterology. 2009;136(7):2137-48.
NM_004360.3:¢.2296-22C>G Acceptor  82.33 4. Kim S, Chung J-W, Jeong T-D, Park Y-S, Lee JH, Ahn JY, et al.
L Searching for E-cadherin gene mutations in early onset diffuse gas-
Consensus value: splice site if > 65 tric cancer and hereditary diffuse gastric cancer in Korean patients.
Familial Cancer. 2013;12(3):503-7.
. . . . . 5. WuH, Rusiecki JA, Zhu K, Potter J, Devesa SS. Stomach carcinoma
in exon 7 and 8 CDHI gene in Italian patients with HDGC incidence patterns in the United States by histologic type and ana-
[36]. Also, Oliveira’s study exhibits several large deletions in tomic site. Cancer Epidemiol Biomark Prev. 2009;18(7):1945-52.
exons 1, 2, 14, 15, and 16 CDH1 gene in HDGC families [21]. 6. Henson DE, Dittus C, Younes M, Nguyen H, Albores-Saavedra J.
According to previous studies, about 5% of HDGC probands D.ifferen.tial trend§ in the intestinal and diffuse types of ga}stric car-
presents large deletions in the CDHI gene in average [21, 22] cinoma in the United States, 1973-2000: increase in the signet ring
o . e ) cell type. Arch Pathol Lab Med. 2004;128(7):765.
However, no duplication variant has been reported in CDH1 7. Worthley D, Phillips K, Wayte N, Schrader K, Healey S, Kaurah P,
and therefore, this is the first time that a duplication of the gene et al. Gastric adenocarcinoma and proximal polyposis of the stomach
is reported in our study. Here, we report a novel duplication in (GAPPS): a new autosomal dominant syndrome. Gut. 2012;61(5):
exon 9 in the CDHI gene, as mentioned above, alterations in 7.7*9_' o ) . .
. . . . . 8. Pinheiro H, Oliveira C, Seruca R, Carneiro F. Hereditary diffuse
this region effect on production and function of E-cadherin. . . -
gastric cancer—pathophysiology and clinical management. Best
In conclusion, our study reveals several novel variants in the Pract Res Clin Gastroenterol. 2014;28(6):1055-68.
CDH1 gene in Iranian patients with sporadic diffuse GC and 9. Lauren P. The two histological main types of gastric carcinoma, an
shows that the prevalence of CDHI somatic variants is 25%. attempt at a histoclinical classification. Acta Pathol Microbiol
Our data support the hypothesis that mutations in CDH1 gene, Scand. 1965;64:31-49. , . o
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