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Objective: The purpose of this study was to develop a novel approach without control population to examine the
relationship between the presence of specific allele combinations at different loci with the onset of gastric cancer.
Methods: DNA samples were collected from patients with gastric cancer. Alleles from short tandem repeat loci
were determined using the STR Profiler Plus PCR amplification kit (15 STR loci). The observed and expected fre-
quencies of specific allele combinations were calculated; statistically significant allele combinationswere identi-
fied by comparing the observed frequency with the expected frequency. The age at disease onset of patients
carrying a specific allele combination was further analysed; allele combinations related to the gastric cancer
were effectively identified from the large number of possible allele combinations by cross-validation of the 2
sets of analytical results.
Results: A total of 2209 pairwise combinations were obtained by computer counting, of which 11 pairs of genes
showed significant differences between the observed and expected frequencies (p b 0.05). The p value for the
cross-validation was also less than 0.05 for 2 pair of alleles (D8S1179-16 and D5S818-13; D2S1338-23 and
D6S1043-11).
Conclusion: Gastric cancer onset may be associated with these allele combinations. The newmethodology with-
out control group will enable additional discoveries pertaining to the relationship between specific allele combi-
nations at different loci and the onset of complex diseases.

© 2014 Elsevier B.V. All rights reserved.

1. Introduction

Gastric cancer is a typical complex disorder, to which a hitherto un-
known number of genes contribute by interacting with each other and
the environment (Nobili et al., 2011; Resende et al., 2011; Yamashita
et al., 2011). The identity of the genes involved in gastric cancer has
remained elusive in spite of the rapid pace of developments in molecu-
lar technology and the increase in genome sequence information (Ha
et al., 2011; Shi et al., 2011; Yoshida et al., 2010). Recent research has
largely excluded the possibility that genes with major causative effects
exist, however, genetic liability almost certainly results from the com-
bined effects of multiple susceptibility and resistance loci; most studies
to date have been under-equipped to detect such effects (Gong et al.,
2013; Li et al., 2013; Torres-Jasso et al., 2013).

The differences between the frequency distributions of the gene in
the cancer and control groups are usually observed in studies of
cancer-related allele. However, it is difficult to obtain the healthy

individuals without any gastric cancer-related gene as a control group.
Lack of high quality control group may be partly attributed to that in-
consistent findings and weak signals of associated-cancer gene studies.
Therefore, we developed a new study design without control popula-
tion for the identification of gastric cancer-related genes.

Alleles on the same or different loci will be randomly distributed. If
an observed combination of alleles is not randomly distributed within
a cancer group, that combination can be determined as the interaction
of alleles and to be associatedwith the cancer. Thus, specific allele com-
binations could be identified without the control population.

Typically, studies of genetic combined effects proceed by first calcu-
lating the Hardy–Weinberg equilibrium (HWE) for a gene locus and
then looking for a correlation between specific allele combination and
the occurrence of the disease of interest. However, the number of
gene combinations that are correlated with disease onset is not neces-
sarily limited to the allele combinations of one specific locus. Unfortu-
nately, there is very little information for discovering additional
relationships between specific allele combinations at different loci and
cancer onset.

Microsatellite or short tandem repeats (STR) consist of tandem re-
peats of DNA units ranging from two to six nucleotides (Edwards
et al., 1991, 1992). Because of the variable number of highly polymor-
phic tandem repeats in humans, the investigation of STR is a powerful
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tool in human genetics (Moretti et al., 2001).We selected STR loci listed
in the US National Combined DNA Indexing System (CODIS) database,
which forensic laboratories currently use, for analysis as reliable
genotyping assays are commercially available. We hypothesized that
there is an extensive range of gastric cancer-associated genes in the ge-
nome; therefore, we randomly selected 15 CODIS STR loci to screen for
gastric cancer-related allele combinations.

2. Materials and methods

2.1. Subjects

A total of 75 Chinese patients with unselected gastric cancer (as ev-
idenced by surgical intervention and pathologic findings), including 47
males and 28 females, were recruited from theDalianMunicipal Friend-
ship Hospital, Dalian Third Hospital and Dalian Fifth Hospital in China.
All the subjects were unrelated ethnic Han Chinese individuals. None
of the patients had received preoperative radiation therapy or
chemotherapy.

The age of onset should be recorded. The mean age at first onset of
gastric cancer based on the medical records was 58.8 ± 11.7 years.
The patients, whose medical records did not clearly record the age at
first onset of gastric cancer, were excluded from the study.

Fifty unselected liver cancer patients (33males and 17 females)who
underwent hepatectomy at our university hospital were also enrolled
for comparative observation. The liver cancer patients were from the
same geographic region as gastric cancer in this study. The mean age
at the first onset of liver cancer was 59.3 ± 11.7 years based on the
medical records.

The experiments were conducted in accordance with the Declara-
tion of Helsinki. The blood samples taken were part of the usual care
of the subjects, rather than for researchpurposes alone. The Institutional
Ethics Committee of Dalian Medical University approved the study and
waived the need forwritten informed consent from the participants due
to the observational nature of the study.

2.2. Sample preparation and genotyping

DNA was extracted from 3 ml of peripheral blood using the Chelex
100 procedure (Moretti et al., 2001). The 15 STR loci of D3S1358,
vWA, FGA, D8S1179, D21S11, D18S51, D5S818, D13S317, D16S539,
D6S1043, D12S391, CSF1PO, D7S820, D2S1338, and D19S433 were co-
amplified using AmpF/STR Sinofiler™ PCR Amplification Kit (Applied
Biosystems, USA) according to the manufacturer's recommendations.
A 9600 Perkin Elmer thermal cycler was used for amplification. Ampli-
fication products were heat denatured at 95 °C for 5 min and chilled
for 5 min in an ice-water bath prior to capillary electrophoresis on an
ABI 310 automated sequencer (Applied Biosystems). The Genescan
Analysis 2.1 software (Applied Biosystems)was used to determine frag-
ment sizes. Alleles were identified by comparing the amplified frag-
ments with the allelic ladders included in the reagent set. The alleles
were labelled according to international nomenclature using the
Genotyper Software package (Perkin Elmer).

2.3. Allele frequencies at a locus

In heterozygotes, two STR alleles are present at a single STR locus,
whereas both STR alleles in homozygotes are identical at a single locus.

Allele frequency should be calculated as follows:

Allele frequency at a locus
¼ number of alleles= number of subjects � 2ð Þ½ � � 100% ;

where number of subjects ∗ 2 is equal to the number of chromosomes.
A Chi-square test was used to determinewhether the distribution of

STR genotypes followed the Hardy–Weinberg equilibrium.

2.4. Count of gene combinations at different loci

There are many genes on different chromosomes, with many possi-
ble combinations of those genes, so combinations that are correlated
with disease presence are unlikely to be observed manually. Therefore,
we used computer software to test for the random distribution of
pairwise combinations of specific alleles at different loci.

Alleles at 15 STR loci were recorded in Excel to establish a database.
UsingMicrosoftmacro-programming techniques, statistical sortingwas
conducted on genes distributed in the database. Possible pairwise locus
combinations were identified using a multi-layer recycling method.
Progressive scans were conducted on all samples to quantify all
pairwise allele combinations. Information, including the combination
results and the frequency of allele combinations at different loci, was se-
quentially stored in a newly generated pairwise locus gene combination
database.

2.5. Calculation of the observed and expected gene combination frequencies
of different loci

Theoretically, alleles on different chromosomes are randomly dis-
tributed. If an observed combination of alleles is not randomly distribut-
ed within a disease group, that combination can be determined to be
associated with the disease.

Alleles at loci L1 and L2 were set as a, b and c, d, respectively. If the
observed gene combination was a and c (ac), then there would be
four gene combination models, as shown in Table 1.

For any combination model, the frequency of the ac combination
should be the number of ac combinations divided by the number of peo-
ple observedwith that combination. Because there are four ac combina-
tion models the overall frequency of ac combinations should be the
mean of the frequencies of the fourmodels. Therefore, the observed fre-
quency (FO) of a specific gene combination should be:

FO ¼ NO=nð Þ=4½ � � 100%;

where NO is the total number of combinations of a specific gene ob-
served and n is the number of people observed.

The expected frequency (FE) of the ac combination should be:

FE ¼ fa � fc;

where fa and fc are the gene frequencies of a and c, respectively.

2.6. Comparison of the observed and expected frequencies of gene
combinations

Statistical analysiswas not conducted for samples inwhich the num-
ber of gene combinations was less than 5. Statistical analyses and other
comparison were conducted only on effective combinations (i.e., where
the number of gene combinations is ≥5). In the disease group, the ob-
served and expected frequencies of gene combinations were compared
using the binomial test.

Table 1
Gene combination models for alleles a and c at different loci.

Loci 1 Loci 2 Model name

a (father), b (mother) c (father), d (mother)

a, * c, * Model 1
a, * *, c Model 2
*, a c, * Model 3
*, a *, c Model 4
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