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Abstract

Germline variants in the  CDH1 gene are the  major cause of hereditary diffuse gastric cancer 
(HDGC) and are identified in approximately 25–40% of families which fulfil strict criteria. Because these 
variants are spread over the entire gene, their detection requires sequencing of all 16 exons. For screening 
sequence variations in genes, rapid turnover time is of fundamental importance. Many of the current 
methods are time consuming and technically difficult to implement. Denaturing high performance liquid 
chromatography (DHPLC) has been shown to be a highly sensitive, time saving and economical method 
for variant screening.

In the present study DHPLC method was used to screen patients who fulfilled the hereditary gastric 
cancer criteria for variant in CDH1 to confirm diagnosis.

DNA from 20 patients was screened for variant in the 16 exons of the CDH1 gene, using DHPLC and 
approved using direct sequencing.

From 20 patients’ families, three had at least two gastric cancer cases with one case of gastric cancer 
in a person younger than 50 years; 10 had multiple cases of gastric cancer diagnosed in person older than 
50 years and seven patients were younger than 40 years. All gastric cancer patients were with poorly 
differentiated adenocarcinoma. DHPLC evaluation of the CDH1 gene revealed sequence polymorphism 
(c.1937-13T>C, rs2276330) without clinical significance in 5 patients. No variation was identified in nine 
patients. Variant c.*54C>T was identified in six patients.

We have demonstrated the  feasibility of DHPLC analysis as a  sensitive and rapid method for 
the analysis of the CDH1 gene in patients with hereditary diffuse gastric cancer.
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Introduction

The E-cadherin is a member of the transmembrane glycoprotein family responsible for calcium-
dependent, cell-to-cell adhesion and plays a fundamental role in maintenance of cell differentiation and 
normal architecture of epithelial tissues [1, 509; 3, 74; 5, 6; 17, 1]. The protein is encoded by the CDH1 
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gene which is located on chromosome 16q22.1 and consists of 16 exons. Variants in CDH1 gene are 
known to be associated with Hereditary Diffuse Gastric Cancer syndrome (HDGC) [4, 1; 6, 436; 7, 4086; 
8, 1705].

The HDGC has been defined in 1999 by International Gastric Cancer Linkage Consortium (IGCLC) 
as two or more documented cases of diffuse gastric cancer (DGC) in first or second degree relatives, 
including at least one case of DGC diagnosed before the age of 50, three or more documented cases of 
DGC in first or second degree relatives diagnosed at any age, isolated individual diagnosed with DGC at 
less than 45 years of age, isolated individual diagnosed with both DGC and lobular breast cancer [9, 250; 
10, 1782; 12, 2360].

Among patients that fulfil the above clinical criteria about 25–40% of cases carry a pathogenic 
variant in the CDH1 gene [14, 364; 18, 2137; 19, 646]. Patients with germline variants in the CDH1 have 
a high risk of developing diffuse gastric cancer and female carriers are at high risk of lobular breast 
cancer [20, 1349].

Analysis of CDH1 gene variants is important in patients fulfilling the HDGC criteria. Techniques 
for variant detection in disease related genes need to be sensitive and specific. Therefore the ideal method 
to use for variant analysis should be sensitive, non-hazardous, relatively inexpensive, and semi or fully 
automated to minimise labour and laboratory costs.

Denaturing high-performance liquid chromatography (DHPLC) had been shown to meet these 
criteria for variant screening. Denaturing high pressure liquid chromatography (DHPLC) is a relatively 
new technique, which uses heteroduplex formation between wild-type and mutated DNA strands to 
identify variants. Heteroduplex molecules are separated from homoduplex molecules by ion-pair, reverse-
phase liquid chromatography on a  special column matrix with partial heat denaturation of the  DNA 
strands [13, 1735; 21, 336; 22, 956].

DHPLC is potentially a  very useful method for the  screening of a  large number of samples for 
variants. Numerous reports during the last few years have documented the high accuracy and excellent 
sensitivity of DHPLC (96–100%) in detecting variants in more than 250 genes [13, 1737]. DHPLC appears 
to be a reliable method specifically for the analysis of large genes known to be highly polymorphic and 
with a large variety of pathogenic variants [13, 1737; 22, 961].

In the present study DHPLC method was used to screen patients who fulfilled the hereditary gastric 
cancer criteria for variants in CDH1.

Material and Methods

Patients. Twenty patients from families fulfilling the criteria of HDGC according to IGCLC guide-
lines were selected for analysis of CDH1 gene. Three patients had at least two gastric cancer cases with 
one case of gastric cancer in a person younger than 50 years; ten had multiple cases of gastric cancer 
diagnosed in person older than 50 years and seven patients were younger than 40 years. All gastric cancer 
patients were with poorly differentiated adenocarcinoma.

PRC amplification conditions for DHPLC analysis of the CDH1 gene. Samples used for variant 
screening were amplified with PCR, using Optimase polymerase (Transgenomic) according to manufac-
turer’s guidelines. Primers for CDH1 all 16 exons were as reported by Mullins et al. [16, 753]. Reference 
sequence for CDH1 is NM 004360.3.

DHPLC analysis. All samples after PCR were denatured at 95 °C and gradually cooled to 25 °C to 
promote heteroduplex formation. DHPLC analysis was carried out on Transgenomic Wave 4500 HT, system 
(Transgenomic) using partially denaturing conditions, using temperature and flow gradient as suggested 
by the system for each amplicon.

Fragments showing an abnormal DHPLC pattern were investigated for identification of sequence 
variants by direct sequencing using ABI3130 and SeqScape program (Applied Biosystems).
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Results

The 16 exons of CDH1 were screened for variant using DHPLC in 20  patients with hereditary 
gastric cancer. DHPLC evaluation revealed one sequence variation in six patients. They all had double 
peak in DHPLC chromatograms for exon 16 indicating heteroduplex formations (Figure  1a). Direct 
sequencing revealed c.*54C>T variant rs1801026 in all six patients (Figure 1b). Five patients had sequence 
polymorphism (c.1937-13T>C, rs2276330) without clinical significance. No genetic changes in CDH1 were 
identified in nine patients.

Figure 1. DHPLC detection of E-cadherin germline mutations and confirmatory direct sequencing analysis. 
DHPLC and corresponding sequence chromatograms of fragments of the E-cadherin gene:

 (A) The amplicons containing exon 16, showed a different elution profile compared to the wild type 
samples;

 (B) Confirmatory direct sequencing of a new PCR-product identified the variant c.*54C>T
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Discussion

CDH1 germline variants are associated with the development of the autosomal cancer syndrome 
namely Hereditary Diffuse Gastric Cancer (HDGC) [1, 508; 2, 874; 4, 1; 9, 250]. About 25–40% of families 
fulfilling the clinical criteria for HDGC established by the International Gastric Cancer Linkage Consortium 
(IGCLC) have constitutional alterations of the CDH1 gene. The offspring of an affected individual has a 50% 
risk of also being affected.

The estimated cumulative risk of gastric cancer by the age of 80 is 67% for men and 83% for women. 
Women also have a 39% risk for lobular breast cancer [14, 364; 18, 2137]. The penetrance of CDH1 gene 
variants is high. The lifetime risks of diffuse gastric cancer is 80% in both men and women by the age of 
80, and lobular breast cancer is 60% in women by the age of 80.
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Germline variants in CDH1 gene were originally reported in three Maori families with aggregation 
of diffuse gastric cancer [1, 515; 2, 874; 9, 250; 19, 649]. Since this report, several studies have investigated 
the role of CDH1 variants in gastric cancer in different ethnic groups [4, 2; 19, 649]. Different patterns 
of CDH1 germline variants have been described as truncating, deletion, insertion, splice site, nonsense, 
silence, and at last, missense alterations [9, 253].

Genetic testing should be initiated in affected patients. Many different methods have been used 
for identifying CDH1 variants. As gold standard for variant detection has been direct sequence analysis. 
However, the cost and effort of DNA sequencing is often considerable, especially in genetically hetero-
geneous diseases [21, 335]. In our study we applied DHPLC analysis to the detection of sequence variants 
in the CDH1 gene. DHPLC provides information about whether a variant is present.

In order to determine the specific nature of the variant, however, PCR products in question need 
to be sequenced. DHPLC evaluation of the CDH1 gene revealed sequence polymorphism (c.1937-13T>C, 
rs2276330) without clinical significance in 5 patients. Variant c.*54C>T was identified in six patients. 
Some clinical studies have demonstrated an association of variant c.*54C>T with tumour progression in 
HDGC, although the results are controversial [11, 993; 15, 861; 23, 26]. No variation was identified in nine 
patients.

Variant detection by DHPLC, as it is presented in our study, is a high-throughput, time saving, and 
economical tool for variant screening.

Conclusion

The presented study demonstrates the  feasibility of DHPLC analysis as a  sensitive and rapid 
method for the examination of the CDH1 gene in patients with hereditary gastric cancer. DHPLC may be 
cost-effective in the diagnosis of this disorder compared with other analytical methods as Single-strand 
conformation polymorphism (SSCP) and Denaturing gradient gel electrophoresis (DGGE) and a valuable 
alternative to the direct sequencing of all 16 exons of the CDH1 gene.
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