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Association of cyclin DI G870A polymorphism with susceptibility
to gastric cancers in Korean male patients
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Cyclin D1 is a key cell cycle regulator that is upregulated in gastric cancer. The common G870A polymorphism of
cyclin D1 which can influence cancer susceptibility and disease outcome has been the most frequently investigated. The
specific aim of this study is to investigate whether the G870A polymorphism of cyclin DI was associated with individual
susceptibility to gastric cancer in Korea. The frequency of the polymorphism was examined in 253 gastric cancer patients
and 442 healthy controls. Polymorphism analysis was performed by amplifying exon 4 of cyclin DI and sequencing the
products. The frequencies of genotypes: G/G, G/A and A/A were 28.1% (71/253), 49.4% (125/253) and 22.5% (57/253),
respectively, in gastric cancer cases, and 23.1%, 51.1% and 25.8%, respectively, in healthy controls. Statistically, the
polymorphism was not associated with increased risk of gastric cancer. When stratified by histological subtype of gastric
cancer, the risk was also not statistically significant. However, the male gastric cancer patients showed a significantly
higher proportion of the homozygous G/G genotype and the G allele (Chi-Square test, P =0.0242 & P = 0.0307) compared
to males in the control group. Thus, our findings suggested that the G870A polymorphism of cyclin D1 was not associated
with an increased risk for gastric cancer in this population; however, it may contribute to susceptibility to gastric cancer
in men.
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Gastric cancer has a high incidence in Asia and is one of
the most common causes of cancer death in the world. In
Korea, it accounts for an estimated 20.2% of all malignan-
cies, 24.0% in males and 15.3% in females [1]. However, little
is known about the molecular genetic events involved in the
development and progression of gastric cancer.

Whnt/p-catenin signaling plays an essential role in both
development and tumorigenesis [2, 3]. Genetic alterations of
the Wnt/B-catenin signaling pathway related genes promote
cell proliferation and inhibit differentiation, ultimately lead-
ing to tumor formation [4]. Increased activity of the Wnt/
[B-catenin signaling pathway has been frequently detected in
gastric cancers [5]. Some of the targeted genes of the APC—
B-catenin—Tcf pathway have been identified in vitro, and cyclin
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D1 is one of them [6, 7]. Cyclin D1 is a key cell cycle regula-
tor that is upregulated in gastric cancer [8, 9].

Over 100 single nucleotide polymorphisms (SNPs) have
been identified spanning the cyclin D1 locus; the common
G870A SNP has been the most frequently investigated. The
polymorphism that modulates mRNA splicing to produce two
transcripts: the full-length transcript in the “G” allele and
a shorter transcript terminating at intron 4 in the “A” allele
[10]. Although both transcripts encode proteins that contain
the functional cyclin box (amino acid 55-161), the shorter tran-
script does not contain the exon 5 sequence encoding a protein
destabilizing destruction box responsible for the rapid turn-
over of the protein. Because of the significance of cyclin D1
in human cancer, a large number of epidemiological studies
have evaluated the influence of this particular polymorphism
in cancer susceptibility and disease outcome. Previous stud-
ies have shown that the G870A polymorphism of cyclin D1
influences susceptibility to colorectal cancer, breast cancer,
parathyroid adenoma, von Hippel-Lindau disease and squa-
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Figure 1. Genotypes analysis at G870A polymorphism site of the cyclin
D1 gene: SSCP band patterns (A) and sequencing (B) of homozygote G/
G and A/A, and heterozygote with G/A (arrow).

mous cell carcinoma of the head and neck [11-16]. Although
the majority of studies link the A-allele, especially the A/A
genotype, to an increased cancer risk and poor prognosis, some
studies have implicated the G-allele in increased cancer risk
or found no association at all. For gastric cancer, it has been
reported that the polymorphism is associated with increased
risk of cancer for patients in the United States [17] but not in
Germany [18].

In the present study, we investigated whether the G870A
polymorphism of cyclin DI was associated with individual
susceptibility to gastric cancer in Korea. In addition, we stud-
ied whether the polymorphism was associated with the
histological classification of intestinal- and diffuse-type gas-
tric cancer.

Materials and methods

Tissue samples. Archival normal gastric mucosa specimens
from 253 gastric cancer patients who had undergone surgery
at the College of Medicine, The Catholic University of Korea
in Seoul, between 2000 and 2003 were included in this study.
All neoplasms were pathologically confirmed as stomach
adenocarcinomas. The 253 cases included 165 men (65.2%)
and 88 women (34.8%) with a median age of 61 (22-85) years
at initial diagnosis. Histologically, the cancers consisted of
134 intestinal-type (53.0%) and 119 diffuse-type (47.0%) gas-
tric cancers. The healthy control population consisted of 208
males and 234 females with a mean age of 45. To exclude
ethnic differences, only a Korean population was included in
this study. Informed consents were obtained according to the
Declaration of Helsinki. This study was approved by the in-
stitutional review board of the Catholic University of Korea,
College of Medicine.

DNA extraction. Normal cells were obtained from the can-
cer-free gastric mucosa. The DNA extraction was performed
by a modified single-step DNA extraction method, as was
described previously [19]. For the control population,
a leukocyte cell pellet from each blood sample was obtained
from the buffy coat by centrifugation of 2 ml of whole blood.
The cell pellet was used for DNA extraction. The Qiagen DNA
Blood Mini Kit (Qiagen, Valencia, CA, USA) was used ac-
cording to the manufacturer’s instructions to obtain genomic
DNA. The DNA purity and concentration were determined
by Nanodrop® ND-1000 spectrophotometer (Nanodrop tech-
nologies, Wilmingon, DE, USA).

SSCP and DNA sequencing. Genomic DNAs from gastric
mucosal tissues and blood samples were amplified with primers
covering the cyclin D1 polymorphism in exon 4. For PCR, the
primer sequences were as follow: Sense 5’-tactaccgcc
tcacacgcttcc-3’ and antisense 5’-ttggcaccagcectcggcatttc-3’. Each
polymerase chain reaction (PCR) procedure was performed
under standard conditions in a 10 ul reaction mixture contain-
ing 1 pl of template DNA, 0.5 uM of each primer, 0.2 uM of
each deoxynucleotide triphosphate, 1.5 mM MgCl,, 0.4 unit of
Ampli Taq gold polymerase (Perkin-Elmer, Foster City, CA,
USA), 0.5 uCi of [*>P]JdCTP (Amersham, Buckinghamshire,
UK), and 1 ul of 10X buffer. The reaction mixture was dena-
tured for 12 min at 94°C and then incubated for 35 cycles
(denaturing for 30 s at 94°C, annealing for 30 s at 61°C and
extension for 30 s at 72°C). A final extension step was performed
for 5 min at 72°C. After amplification, the PCR products were
denatured for 5 min at 95°C in a 1:1 dilution of sample buffer
containing 98% formamide/5 mmol/L. NaOH, and these prod-
ucts were loaded onto a SSCP gel (FMC Mutation Detection
Enhancement system; Intermountain Scientific, Kaysville, UT,
USA) with 10% glycerol. After electrophoresis, the gels were
transferred to 3 MM Whatman paper and dried, and autorad-
iography was then performed using Kodak X-OMAT film
(Eastman Kodak, Rochester, NY, USA). Sequencing of the PCR
products was carried out using the cyclic sequencing kit (Perkin-
Elmer, Foster City, CA, USA) according to the manufacturer’s
recommendation (Fig. 1).

Statistical analysis. The chi-square test for association was
used to test differences of genotype frequencies between nor-
mal controls and gastric cancer patients, and between the two
histological types. The genotype specific risks were estimated
as odds ratios and 95% confidence intervals (CIs). The odd
ratios and their 95% CIs were calculated by logistic regres-
sion analysis, with adjustment for age (in years) and sex.

Results

The genotype frequencies of G870A single nucleotide poly-
morphisms of cyclin DI in Korean gastric cancer cases and
controls are summarized in Table 1. The frequencies of geno-
type G/G, G/A and A/A in normal healthy individuals were:
23.1%, 51.1% and 25.8%, respectively. The frequencies of
A and G alleles were 51.4% and 48.6% in healthy control in-
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Table 1. Distribution of CCNDI1 genontype and allele frequency in gastric cancer patients and controls.

CCND1 genotype Cases (n=253)

Controls (n=442)

Crude OR (95% CI)  Adjusted* OR (95% CI)
Number Percent Number Percent
GG 71 28.1 102 23.1 1.00 1.00
GA 125 49.4 226 51.1 0.80 (0.55-1.15) 0.91 (0.58-1.43)
AA 57 22.5 114 25.8 0.72 (0.46-1.11) 0.75 (0.44-1.27)

G allele frequency® 0.528

Trend test®

0.486

P =0.1374 P =0.2836

*Adjusted for age (in years) and sex
"Two-sided y>-test: for genotype distribution, P = 0.3015.

“Calculated in the logistic regression models using the number of G alleles in the genotypes as a continuous variable

Table 2. Stratification analysis of CCND/ genotype frequencies in gastric cancer.

Variable CCNDI1 genotype Adjusted OR® (95% CI)
No. of cases No. of controls
GA versus GG AA versus GG
GG GA AA GG GA AA

Age (in years)

<50 12 27 12 77 167 86 1.01 (0.48-2.11) 0.87 (0.37-2.06)

> 50 59 98 45 25 59 28 0.77 (0.43-1.37) 0.69 (0.35-1.36)
Sex

Male 51 75 39 39 112 57 1.10 (0.55-2.18) 0.98 (0.44-2.22)

Female 20 50 18 63 114 57 0.82 (0.45-1.52) 0.61 (0.30-1.25)
Lauren’s

Diffuse 31 63 25 P =0.5703 (*test)

Intestinal 40 62 32

*Adjusted for the other covariates [age (in years) as a continuous variable] presented in this table in a logistic regression model for each stratum.

dividuals, respectively. Genotype frequencies of all groups
were in accordance with those previously reported in the Cau-
casian population [20]. There was no statistical difference in
the genotype and G/A allele frequencies in comparisons be-
tween males and females in healthy controls (Chi-Square test,
P =0.1255 & P =0.0958).

For the gastric cancer patients, the G/G, G/A, A/A geno-
types had a prevalence of: 28.1% (71/253), 49.4% (125/253)
and 22.5% (57/253), respectively, and the frequencies of A and
G alleles were 47.2% and 52.8%. Finally, we did not observe
a significant difference in the genotypes and allele frequen-
cies between the gastric cancer patients and healthy controls
(Trend test, P = 0.1374, Chi-Square test, P = 0.3015), and be-
tween males and females with the gastric cancer (Chi-Square
test, P =0.2094 & P = 0.5915). Compared with the GG geno-
type, the adjusted OR for the GA and AA genotypes were
0.91 (95% CI 0.58-1.43) and 0.75 (95% CI 0.44-1.27), re-
spectively. The trend test using a logistic regression model
showed that the effects of genotype on the OR were not sig-
nificant (P = 0.2836) after adjustment for age and sex. In the
male population, gastric cancer patients showed a significant
higher proportion of the homozygous G/G genotype and the
G allele (Chi-Square test, P =0.0242 & P = 0.0307) compared
to the control group (Table 2). This finding suggested that the
G870A polymorphism of cyclin DI may be closely associ-

ated with increased risk of gastric cancer in the male popula-
tion. However, elevated risk for gastric cancer was not
statistically significant in the female patients studied. In addi-
tion, when stratified by histological subtype of gastric cancer,
the risk was not statistically significant (Chi-Square test, P =
0.5703) (Table 2).

Discussion

Many common diseases in humans, especially cancer, are
not caused by one genetic variation within a single gene, but
are determined by complex interactions among multiple genes,
as well as environmental and lifestyle factors. Genetic fac-
tors, including polymorphisms of genes involved in
tumorigenesis, may partly explain the difference in individual
susceptibility to cancer [21].

CCND1 encodes cyclin D1, a key cell regulatory protein sig-
nalling the transition from G1 to the S phase of the cell cycle.
Cyclin D1 overexpression was reported to be frequently seen
in gastric cancer and associated with its poor differentiation
[22]. The cyclin DI gene is composed of five distinct exons;
the G870A polymorphism is found at the intron 4/exon 5 bound-
ary. Interestingly, the G870 allele creates an optimal splice donor
site, resulting in the full-length transcript A. By contrast, the
A870 allele is predicted to hinder the splicing event, thus giv-
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ing rise to a variant splice transcript B terminating at intron
4 [23]. Some studies have reported that cyclin D1b is constitu-
tively nuclear in localization and that cyclin D1b may be more
oncogenic in human cancer [24, 25]. Unexpectedly, individu-
als with the A/A genotype can still produce transcript A, thus
indicating that the A870 allele is not completely penetrant for
transcript b production, and individuals with the G/G geno-
type can produce transcript b [23]. Further investigation is
needed to identify the relationship of the polymorphism to tran-
script b production and the factors which influence transcript
a and b splicing independently of the polymorphic nucleotide.

In the present study, we found that the polymorphism stud-
ied may not contribute to individual risk for the development
of gastric cancer in this population. However, in the stratifi-
cation analysis, the G/G genotype and the G allele of the cyclin
DI gene were closely associated with an increased risk of
gastric cancer in men. According to the histological types,
there were no significant differences in the genotype and al-
lele frequencies of the polymorphism. Thus, we concluded
that the G870A polymorphism of cyclin DI may be closely
associated with increased risk of gastric cancer in the male
population.

The different genetic background which varies from one
geographic region or population to another may be very im-
portant in susceptibility to cancer. For the cyclin D1 gene, the
polymorphism frequency in the Korean population is approxi-
mately 48.6% for A and 51.4% for G; the frequencies of each
allele were similar to those reported in the Caucasian popula-
tion [20]. A majority of studies link the A870 allele to
increased cancer risk and poor disease outcome, with the larg-
est associations observed with the A/A genotype [26, 27].
Conversely, Hong et al has found that the GG genotype is
associated with increased susceptibility and advanced
colorectal cancer in patients from Singapore [28]. In German
Caucasian population, the polymorphism was not associated
with the risk for gastric cancer [18]. We also found a significant
negative association between gastric cancer and the G870A
polymorphism. However, when patients were stratified by
gender, a significant difference in genotype and allele fre-
quency of the G870A polymorphism was found in the male
gastric cancer patients (Table 2). Although the background
for explaining why the G allele is related to increased risk of
gastric cancer in males remain unknown, since it has been
suggested that Helicobactor pylori (H. pylori) infection is
associated with increased cyclin D1 expression and gastric
carcinogenesis [29], we cannot completely rule out the possi-
bility that H. pylori may activate the cyclin D1 containing
G allele. Thus, it is necessary to investigate whether the acti-
vation of cyclin D1, induced by H. pylori, is associated with
the polymorphism. In addition, further studies in a large popu-
lation with other risk factors including alcohol abuse and
smoking, should be performed to confirm this initial obser-
vation.

Molecular, histological and epidemiological studies have pro-
vided evidence that gastric adenocarcinoma is a heterogeneous

disease with two main histological types: the intestinal and the
diffuse type [30]. Although both types seem to start from H.
pylori-related chronic gastritis [31], epidemiologic and histopatho-
logical evidence have shown that gastric carcinoma may be
influenced by genetic polymorphisms, age of cancer onset and
gender. Unexpectedly, our study confirmed absence of
a correlation between the cyclin D1 G870A polymorphism and
gastric cancer when the patients were stratified by histology.

In conclusion, the present study demonstrated that gastric
cancer does not appear to be associated with the cyclin D1
G870A polymorphism in Korean population. However, when
the gastric cancer patients were stratified by gender, the G/G
genotype and the G allele were associated with increased risk
of gastric cancer in men. In addition, we found no association
of gastric cancer with the polymorphism studied when pa-
tients were sorted by histological type. Further molecular
genetic studies should be performed in a large population to
identify the mechanisms associated with cyclin D1 activation
by H. pylori infection.

References

[1] SHIN H-R, JUNG K-M, WON Y-J, et al.: Annual report of
the Korea Central Cancer Registry: based on registered data
from 139 hospitals. Cancer Research and Treatment 2004;
36: 103-114.

[2] WODARZ A, NUSSE R. Mechanisms of Wnt signaling in
development. Ann Rev Cell Dev Biol 1998; 14: 59-88.

[3] MOON RT, KOHN AD, DE FERRARI GV, et al.: WNT and
beta-catenin signaling: disease and therapies. Nat Rev Genet
2004; 5: 691-701.

[4] PEIFER M. Developmental biology: colon construction. Na-
ture 2002; 420: 274-275, 2717.

[S] CLEMENTS WM, WANG J, SARNAIK A, et al.: Beta-cate-
nin mutation is a frequent cause of Wnt pathway activation
in gastric cancer. Cancer Res 2002; 62: 3503-3506.

[6] HE TC, SPARKS AB, RAGO C, et al.: Identification of c-
MYC as atarget of the APC pathway. Science 1998; 281:
1509-1512.

[71  TETSU O, MCCORMICK F. Beta-catenin regulates expres-
sion of cyclin D1 in colon carcinoma cells, Nature 1999; 398:
422-426.

[8] BIZARI L, BORIM AA, LEITE KR, et al.: Alterations of the
CCND1 and HER-2/neu (ERBB2) proteins in esophageal and
gastric cancers. Cancer Genet Cytogenet 2006; 165: 41-50.

[91  FEAKINS RM, NICKOLS CD, BIDD H, et al.: Abnormal
expression of pRb, p16, and cyclin D1 in gastric adenocarci-
noma and its lymph node metastases: relationship with
pathological features and survival. Hum Pathol 2003; 34:
1276-1282.

[10] BETTICHER DC, THATCHER N, ALTERMATT HJ, et al.:
Alternate splicing produces a novel cyclin D1 transcript.
Oncogene 1995; 11: 1005-1011.

[11] KONG S, AMOS CI, LUTHRA R, et al.: Effects of cyclin
D1 polymorphism on age of onset of hereditary nonpolypo-
sis colorectal cancer. Cancer Res 2000; 60: 249-252.



CYCLIN D1 G870A POLYMORPHISM IN GASTRIC CANCER

239

[12]

[13]

[14]

[15]

[16]

[17]

(18]

[19]

[20]

[21]

KONG S, WEI Q, AMOS CI, et al.: Cyclin D1 polymor-
phism and increased risk of colorectal cancer at young age.
J Nat Cancer Inst 2001; 93: 1106-1108.

LE MARCHAND L, SEIFRIED A, LUM-JONES A, et al.:
Association of the cyclin D1 A870G polymorphism with
advanced colorectal cancer. JAMA 2003; 290: 2843-2848.
HOSOKAWA Y, TU T, TAHARA H, SMITH AP, et al.:
Absence of cyclin DI/PRADI point mutations in human
breast cancers and parathyroid adenomas and identification
of a new cyclin D1 gene polymorphism. Cancer Lett 1995;
93: 165-170.

ZATYKA M, DA SILVA NF, CLIFFORD SC, et al.: Identifi-
cation of cyclin D1 and other novel targets for the von
Hippel-Lindau tumor suppressor gene by expression array anal-
ysis and investigation of cyclin D1 genotype as a modifier in
von Hippel-Lindau disease. Cancer Res 2002; 62: 3803-3811.
ZHENG Y, SHEN H, STURGIS EM, et al.: Cyclin D1 poly-
morphism and risk for squamous cell carcinoma of the head
and neck: a case-control study. Carcinogenesis 2001; 22:
1195-1199.

BUCH S, ZHU B, DAVIS AG, et al.: Association of poly-
morphisms in the cyclin D1 and XPD genes and susceptibility
to cancers of the upper aero-digestive tract. Mol Carcinog
2005; 42: 222-228.

GEDDERT H, KIEL S, ZOTZ RB, et al.: Polymorphism of
pl16 INK4A and cyclin D1 in adenocarcinomas of the upper
gastrointestinal tract. J Cancer Res Clin Oncol 2005; 131: 803—
808.

LEE JY, DONG SM, KIM SY, et al.: A simple, precise and
economical microdissection technique for analysis of genomic
DNA from archival tissue sections. Virchows Arch 1998; 433:
305-309.

SIMPSON DJ, FRYER AA, GROSSMAN AB, et al.: Cyclin
D1 (CCND1) genotype is associated with tumour grade in spo-
radic pituitary adenomas. Carcinogenesis 2001; 22: 1801-1807.
PERERA FP, WEINTEIN IB. Molecular epidemiology: re-
cent advances and future directions. Carcinogenesis 2000;
21: 517-524.

(22]

(23]

[24]

[25]

[26]

[27]

(28]

[29]

(30]

(31]

FEAKINS RM, NICKOLS CD, BIDD H, WALTON SJ.
Abnormal expression of pRb, p16, and cyclin D1 in gastric
adenocarcinoma and its lymph node metastases: relationship
with pathological features and survival. Hum Pathol 2003;
34: 1276-1282.

KNUDSEN KE, DIEHL JA, HAIMAN CA, et al.: Cyclin
D1: polymorphism, aberrant splicing and cancer risk. Onco-
gene 2006; 25: 1620-1628.

LU F, GLADDEN AB, DIEHL JA. An alternatively spliced
cyclin D1 isoform, cyclin D1b, is a nuclear oncogene. Can-
cer Res 2003; 63: 7056-7061.

SOLOMON DA, WANG Y, FOX SR, et al.: Cyclin D1 splice
variants. Differential effects on localization, RB phosphory-
lation, and cellular transformation. J Biol Chem 2003; 278:
30339-30347.

QIULING S, YUXIN Z, SUHUA Z, et al.: Cyclin D1 gene
polymorphism and susceptibility to lung cancer in a Chinese
population, Carcinogenesis 2003; 24: 1499-1503.

ZHANG J, L1 Y, WANG R, WEN D, et al.: Association of
cyclin D1 (G870A) polymorphism with susceptibility to
esophageal and gastric cardiac carcinoma in a northern Chi-
nese population. Int J Cancer 2003; 105: 281-284.

HONG Y, EU KW, SEOW-CHOEN F, et al.: GG genotype
of cyclin D1 G870A polymorphism is associated with in-
creased risk and advanced colorectal cancer in patients in
Singapore. Eur J Cancer. 2005; 41: 1037-1044.

POLAT A, CINEL L, DUSMEZ D, et al.: Expression of cell-
cycle related proteins in Helicobacter pylori gastritis and
association with gastric carcinoma. Neoplasma 2002: 49: 95—
100.

LAUREN P. The two histological main types of gastric car-
cinoma: diffuse and so-called intestinal-type carcinoma. An
attempt at a histoclinical classification, Acta Pathol Microbi-
ol Scand 1965;64:31-49.

SOLCIA E, FIOCCA R, LUINETTI O, et al.: Intestinal and
diffuse gastric cancers arise in a different background of Heli-
cobacter pylori gastritis through different gene involvement.
Am J Surg Pathol 1996; 20:S8-22.



