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Abstract

Recent studies have implicated cyclin DI G870A single-nucleotide polymorphism (SNP) in susceptibility to and early onset of
colorectal cancers (CRC). We investigated the role of cyclin DI G870A SNP in Singapore CRC patients without dominant family
history by genotyping 254 patients and 101 controls. The risk of cancer for AA individuals was less than half that of GG individuals
(odds ratio (OR) 0.41; 95% confidence interval (CI) 0.18-0.96). Furthermore, AA and AG patients whose tumours were Dukes C
and D (OR 0.38; 95% CI 0.17-0.83), poorly differentiated (OR 0.28; 95% CI 0.09-0.84) and left-sided (OR 0.45; 95% CI 0.21-0.98)
were associated with significantly lower risk than GG patients. Young (aged 50 years or less) GG patients had a 5-year lower mean
age at onset than AA/AG patients (P = 0.02). Young male GG patients had worse disease-specific survival than AA/AG patients
(P =0.002). Thus, contrary to Caucasians, the GG (rather than AA) genotype is associated with increased susceptibility and
advanced CRC in Singapore patients, suggesting a more complex relationship between the SNP and CRC risk, possibly modulated

by population differences.
© 2005 Elsevier Ltd. All rights reserved.
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1. Introduction

Colorectal cancer (CRC) is the cancer with highest
incidence and accounts for the second highest cancer
mortality in Singapore [1]. Mutations in the dominant
adenomatous polyposis coli (APC) and mismatch repair
genes account for only a small proportion (up to 5%)
of familial CRC, namely familial adenomatous polypo-
sis (FAP) and hereditary non-polyposis colorectal can-
cer (HNPCC), respectively. There are at least another
10% of early onset CRCs attributable to other un-
known, less penetrant genes [2].
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Cyclin D1 is a key cell cycle regulator that is up-
regulated by the B-catenin/Tcf pathway in colorectal
tumourigenesis [3,4]. Studies on Caucasian populations
have implicated cyclin DI G870A SNP in a range of can-
cers, including CRC. The G to A variant at nucleotide
870 at the splice donor site of exon 4 may modulate alter-
native splicing [5]. It is postulated that in the “G” allele,
splicing from exon 4 to exon 5 is favoured, giving rise to
the full-length transcript a. Conversely, in the “A4” allele,
the pre-mRNA may splice less frequently at this junc-
tion, thus allowing the coding sequence reading into
and terminating at intron 4, resulting in a shorter tran-
script b. Both transcripts encode the cyclin D1 func-
tional domain [6]. The protein encoded by transcript b,
cyclin D1b, however, lacks the degradation signal encoded
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by exon 5 and hence may have a longer half-life, result-
ing in deregulated cell proliferation.

One study from TX, USA, reports that HNPCC pa-
tients with AG/AA genotypes developed CRC 11 years
earlier than patients with the GG genotype [7]. In a sub-
sequent study, non-syndromic CRC patients aged 60
years or less with AA were found to have a 2.5 times in-
creased risk compared with patients with AG/GG geno-
types [8]. Another study from England shows that the
“A” allele confers increased risk only in non-HNPCC
familial cases [9]. However, a report on Finnish HNPCC
patients finds that the presence of transcript b but not
cyclin D1 genotype was inversely correlated with the
age of onset of cancer [10]. These conflicting results
could be due to population differences. The role of cyclin
DI SNP in CRC risk thus remains controversial.

In the present study, we investigated the role of cyclin
D1 G870A4 SNP in risk of cancer, disease-specific sur-
vival and age at onset in 254 Singapore CRC patients.
The patients were without dominant family history
and were predominantly Chinese. Interestingly, we
found that the GG genotype (rather than AA) is associ-
ated with higher risk and advanced cancer. The GG
genotype is also associated with earlier age of onset
and worse disease-specific survival in young patients.

2. Materials and methods
2.1. Patient and control selection

Archival normal mucosa specimens from 254 consec-
utive CRC patients who had undergone surgery in Sin-
gapore General Hospital (SGH) between late 1989 and
1993 were included in the study. Specimens from FAP
or HNPCC patients were excluded. There were 141
males and 113 female patients, mean age 60 years (range
24-93 years). At the time of surgery, 79 (31%) patients
were aged 50 years or less. Tumour staging was accord-
ing to Dukes’ parameters [11]. Dukes A/B are early tu-
mours confined to the colon and with no metastatic
secondaries; Dukes C tumours have lymph node metas-
tasis and Dukes D tumours have distant metastasis.

Archival blood specimens were available from 101
individuals undergoing health screening in SGH and
whose full blood counts were normal, as well as from
spouses and unaffected individuals of FAP families. Full
blood counts comprise the counts for haemoglobin (g/
dl), white blood cells (10°/1), blood platelets (10°/1) and
differential counts of various white blood components
(10°/1). There were 51 males and 50 females; mean age
43 years (range 15-82 years).

The referral procedures for the controls were similar
to the patients, that is, through doctors in general prac-
tice or polyclinics; SGH being the major primary care
provider in Singapore. The majority of the patients

(94%) and controls (90%) were Chinese of Han origin
who had migrated to Singapore from Southern China
in the first half of the 20th century. The patients and
controls were thus from a genetically homogenous pop-
ulation.This study was approved by the Ethics Commit-
tee of SGH.

2.2. Polymerase chain reaction—restriction fragment
length polymorphism (PCR-RFLP) analyses

DNA was obtained from normal mucosa or lympho-
cytes by a simple salting out procedure [12]. A 234 base-
pair (bp) sequence encompassing the exon 4 splice donor
site of cyclin D1 (CCNDI, GenBank X59798) was
amplified in a 25 pl reaction mixture with forward pri-
mer 3-1 located in exon 4 and reverse primer 2 in intron
4 [7]. Restriction digest with the ScrFI enzyme gave a
different band pattern for each genotype (AA, one
168-bp band; GG, one 145-bp band; AG, one of each
band; Fig. 1(a)).

2.3. Denaturing high-performance liquid chromatography
(dHPLC) analyses

The cyclin DI SNP was also determined by the Trans-
genomic WAVE nucleic acid fragment analysis system
at 63.5 °C, the optimum denaturing temperature based
on the software prediction of melting temperature of
the fragment. An 8-ul volume of the same 234-bp PCR
product was injected directly into the column after
4 min denaturation at 95 °C. Samples were eluted in a
linear gradient over a period of 8.8 min at a constant
flow rate of 0.9 ml/min. Samples that were heterozygous
(AG) showed two peaks, whereas homozygous samples
(AA or GG) had only one peak (Fig. 1(b)). The homo-
zygous samples were then spiked with AA control and
ran through the dHPLC columns again. Samples with
one peak were scored as AA and those with two peaks
were scored as GG.

2.4. Sequencing analyses

The restriction fragment length polymorphism analy-
ses (RFLP) and dHPLC patterns were confirmed by
PCR-based sequencing using primers 3-1 or CylF [10]
with Applied Biosystems automated sequencer.

2.5. Reverse-transcriptase-polymerase chain reaction
analyses

Total RNA was extracted from normal mucosa tis-
sues using the Promega (Madison, WI, USA) Total
RNA extraction kit. The expressions of transcripts a
and b were investigated by Reverse-transcriptase (RT)-
PCR and nested PCR, as previously described [10].
Briefly, RT-PCR reactions were performed with Promega
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Fig. 1. (a) Scr FI restriction digest pattern of the three different cyclin DI G870A genotypes. (b) Representative homozygous and heterozygous
denaturing high-performance liquid chromatography (dHPLC) profiles for cyclin DI G870A polymorphism.

RT-PCR Access System and primer sets Cyl0/Cy 6
(transcript a) or primer sets Cyl10/Cy 32 (transcript b)
at 55 °C annealing temperature for 35 cycles. This is fol-
lowed by nested PCR using 1:50 dilution and primer sets
CylF/Cy4R (transcript a, 389 bp) or CylF/Cy27 (tran-
script b, 324 bp) at 60 °C annealing temperature for an-
other 32 cycles.

ScrFI restriction digest of transcripts yielded different
major bands if they were spliced from allele “4” or “G”".
When spliced from allele “A4”, ScrFI digestion of tran-
script a results in a 279-bp band and transcript b a
290-bp band, respectively. If spliced from allele “G”,
both transcripts give a 270-bp major band.

2.6. Statistical analyses

The y? test for Hardy-Weinberg equilibrium was
used for each group (patient and control; df=1) to
determine whether there was any population stratifica-
tion. Pearson’s y° test was used to determine whether
there was any significant difference in allele and geno-
type frequencies between patients and controls. Multi-
variate logistic regression analysis was used to assess
the association between CRC and cyclin D1 genotypes,
with sex and age as covariates. Kaplan—-Meier survival
analysis with log-rank test was used to evaluate the rela-
tionship between cyclin D1 genotype and disease-
specific survival. Survival was calculated from the date
of surgery to date of death or, if alive, to December
31, 2000, which was the latest death entry in the Singa-
pore Cancer Registry when the patients were recruited in
2002. Patients who were still alive or who had died of
causes other than cancer were censored. Patients whose
survival status was unknown were omitted from the sur-
vival analysis. Disease-specific survival data were avail-
able for 205 patients. The Cox regression was used to
estimate the risk ratio of death for cyclin D1 genotype
with age group (above and below 50 years), sex and tu-

mour stage (low and high malignancy) as covariates and
interaction between the covariates, if any. The non-
parametric Mann—Whitney U test was used to estimate
the association between age of onset and the cyclin D1
genotypes.

All statistical analyses were performed using the
SPSS package version 10.0 (SPSS, Chicago, IL, USA).
All tests of statistical significance were two-sided and
differences were taken as significant when P-value is less
than 0.05. For sub-group analyses stratified by age and
by age and gender, significance was defined at P < 0.025
(0.05/2) and P < 0.017 (0.05/3), respectively.

3. Results

3.1. Genotypic frequencies are in Hardy—Weinberg
equilibrium

The genotypic frequencies of the controls (n = 101;
7> =0.444; df = 1; P =0.505) were in Hardy—Weinberg
equilibrium, suggesting that there was no population
stratification and no sampling bias. The patients’ fre-
quencies were also in Hardy—Weinberg equilibrium
(n=254; 4> =0.036; df = 1; P = 0.850). There were thus
no excess homozygotes, indicating that there was no risk
of allelic loss due to contamination by tumour tissues.

3.2. GG genotype is associated with higher risk and
advanced cancer

The allelic frequencies of the patients (4 = 0.53;
G = 0.47) were significantly different from the controls
(4=0.63; G=0.37; > =6.319, df=2, P=0.04). The
GG genotype was significantly higher in the patients
(see also Table 1).

The risk of CRC for individuals with the AA geno-
type is less than half of that for those with GG genotype
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Table 1

Cyclin DI G870A genotypic frequency and logistic regression analysis

Genotype Patient no. (%) Control no. (%) Multivariate analysis P-value
254 101 Adjusted OR?* 95% CI

GG 55(21.7) 12 (11.9) 1

AA 71 (28) 39 (38.6) 0.414 (AA/GG) 0.179-0.955 0.039

AG 128 (50.4) 50 (49.5) 0.539 (AG/GG) 0.243-1.194 0.128

AA+AG 199 (78.3) 89 (88.1) 0.485 (AA+AG/GG) 0.227-1.038 0.062

# Odds ratio (OR) adjusted for sex and age.

(Table 1; OR = 0.414; P = 0.039), as determined by mul-
tivariate logistic regression analysis. Conversely, the risk
of cancer for patients with GG genotype is 2.4 times that
of those with AA genotype. A similar trend is observed
when comparing the risk of both AA and AG with that
of the GG genotype (Table 1; OR = 0.485; P = 0.062).

Furthermore, the AA/AG patients with Dukes C and
D (Table 2; OR =0.376; P =0.015), poorly differenti-
ated (OR =0.276; P=0.023) and left-sided (OR =
0.445; P =0.043) tumours are associated with signifi-
cantly lower risk than the corresponding tumours of
GG patients.

3.3. Young GG patients have lower age at onset than
young AAIAG patients

There was no significant difference in the age of onset
of patients with the GG genotype (n=155; mean
age £ SD =61 £ 17 years) compared with those with
AA/AG genotypes (n = 199; 59 % 15 years) for the whole
series (P =0.264). However, young patients with GG
genotype (n = 14) have approximately a S-year lower
mean age of onset of cancer (37 £ 7 years) than young
patients with AA/AG genotypes (n = 65; 42 + 6 years;
P =0.021).

3.4. GG is associated with worse disease-specific survival
in young male patients

Interestingly, the Cox regression analysis shows a sig-
nificant increase in death risk for the interaction between
age group, genotype and sex (OR 4.85; 95% CI 1.6-14.9;
P =0.006). Further Kaplan—Meier survival analysis
stratified by sex and age group reveals that young male
patients with GG genotype had worse disease-specific
survival than those with the other two genotypes
(n = 29, log-rank test, P = 0.002; Fig. 2(a)). The relation-
ship did not hold for young female patients (n = 17, Fig.
2(b)).

3.5. Relationship between genotypes and transcripts

RNA was available from a subset of young (<50
years old) healthy controls (z = 20) and CRC patients
(n =49). RT-PCR analysis (Fig. 3) indicates that both
transcripts a and b were present in all 20 healthy con-
trols regardless of genotype.Transcript a was also found
in all 49 young patients. However, transcript b was de-
tected in 18/49 (37%) of the young patients only. Pa-
tients with GG genotype have a higher frequency of
transcript b (6/10) compared with those with AG/AA

Table 2
Cyclin D1 genotoype and risk of colorectal cancer stratified by tumour characteristics®
Tumour characteristics Genotype P-value
GG AG + AA
Cases/controls OR* Cases/controls OR? (95% CI)
Tumour stage
A/B 16/12 1.0 79/89 0.880 (0.309-2.502) 0.810
C/D 39/12 1.0 118/89 0.376 (0.171-0.826) 0.015
Tumour differentiation
Well/moderate 45/12 1.0 163/89 0.559 (0.253-1.235) 0.150
Poor 10/12 1.0 33/89 0.276 (0.091-0.863) 0.023
Tumour site°
Left 49/12 1.0 159/89 0.445 (0.203-0.975) 0.043
Right 6/12 1.0 38/89 0.578 (0.175-1.914) 0.370

CI, confidence interval.
# Odds ratio (OR) adjusted for sex and age.
® Not all tumour characteristics were available for every patient.
¢ Left or right tumours are demarcated by the splenic flexture.
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Fig. 2. (Colour on-line) Kaplan—-Meier survival analysis for cyclin D1 genotype ((a) and (b)) and gender (c) for young patients. Cyclin D1 genotype is
AA/AG (grey line) or GG (black line). (a) Male patients, n (AA/AG) = 25; n (GG) = 4; log-rank test P = 0.002. (b) Female patients, n (AA/AG) = 13;
n (GG) = 4; log-rank test P = 0.727. (c) Young AA/AG female (gray line, n = 13) and young AA/AG male (black line, n = 25) patients, log-rank test

P =0.061.

genotypes (12/39) although this has not reached statisti-
cal significance (P = 0.087).

In addition, ScrF1 digest on transcripts a and b from
young heterozygous (AG) patients reveals that tran-
script a was spliced from both alleles in 7/7 cases. Inter-
estingly, transcript b was also spliced from both alleles
in 5/7 cases and mainly from the “G” allele in 2 cases.

There was no significant difference in mean age of on-
set between young patients expressing transcript a alone
(n = 31;43 * 6 years) or those expressing both transcripts
(n=18; 42 + 5 years; Mann—Whitney U test, P = 0.448).

4. Discussion

We investigated the role of cyclin DI G8704 SNP on
CRC risk, disecase status, age at onset and disease-

specific survival in a series of 254 patients and 101 con-
trols. Based on a 10% difference in genotypic frequencies
(Table 1), an allocation ratio of 2.5:1 (case: con-
trol = 254:101) and a 5% type I error (o = 0.05), the
power for detecting significant differences between the
cases and control is 65%.

In contrast to Caucasian studies, which reported that
the “A” allele is associated with increased risk in some
disease sub-groups of CRC [8,9,13], the GG genotype
is associated with higher risk in Singapore CRC patients
(Table 1). Two earlier studies on Southern Chinese [14]
and Taiwanese Chinese [15] respectively, have reported
very similar cyclin DI G870A allelic frequencies to that
found in this study, and these are quite different from
the Caucasian’s (Table 3). The mean allelic frequency
for the “A4” allele from the three studies on the Chinese
population is 0.63, compared with 0.42 from the four



1042 Y. Hong et al. | European Journal of Cancer 41 (2005) 1037-1044

Transcripta —
Transcript b

AA AG GG AA AA AG AG AG GG GG M

J

HC

PM

Fig. 3. Representative gel image showing the alternatively spliced transcripts a (389 bp) and b (324 bp) in healthy controls (HC) in lanes 1-3 and
patients’ mucosa (PM) in lanes 4-10, respectively. M (lane 11) shows the 100-bp DNA marker. Cyclin D1 genotype of each individual is shown at the

bottom of lanes 1-10.

studies on the Caucasian population. The allelic fre-
quencies of the patients from this study (4 =0.53;
G = 0.47), however, are similar to that of the Caucasian
CRC patients [8,13]. Furthermore, in a study with ethnic
data, only the whites (but not the Japanese and Hawai-
ians) with AA genotype have significantly increased risk
of CRC compared with those with GG genotype (Table
2 of reference 13). The latter two ethnic groups, inciden-
tally, have allelic frequencies (4 = 0.49 — 0.57) closer to
the Chinese patients. The data thus suggest that the ef-
fect of cyclin D1 polymorphism on cancer risk could
be population-specific.

Two earlier studies [13,16] have indicated that cyclin
D1 polymorphism was associated with advanced CRC
and adenomas, respectively. In this study, we found that
the increased risk with the GG genotype is also more
pronounced in individuals with advanced (Dukes C
and D and poorly differentiated) tumours, suggesting

Table 3
Cyclin D1 G870A4 allelic frequencies of controls from Caucasian and
Chinese populations

Populations n Allelic References
frequencies
A G
Caucasian (USA) 152 0.43 0.57 [8]
Caucasian (UK) 171 0.41 0.59 9]
Caucasian (UK) 101 0.42 0.58 [17]
Whites (USA) 161 0.43 0.57 [13]
Southern Chinese (China) 91 0.62 0.38 [14]
Chinese (Taiwan) 35 0.64 0.36 [15]
Chinese (Singapore) 101 0.63 0.37 This study

that cyclin D1 may also play a role in tumour progres-
sion in the local series (Table 2).

We also found that young patients with GG genotype
have approximately a 5-year lower mean age at onset of
cancer than patients with AA/AG genotype. This is in
contrast to the results of an earlier report that indicates
that AA/AG genotypes decrease age at onset of HNPCC
patients by 11 years [7]. The diverse results could be due
to genetic differences attributable to different population
and/or disease sub-groups, since the young patients in
our series were non-FAP and non-HNPCC. On the
other hand, several studies have failed to show that cy-
clin D1 genotype has any effect on the age at onset even
for sub-group analysis [9,10]. We did not find any signif-
icant association of cyclin D1 genotype with disease-
specific survival for the whole series. This is perhaps
not surprising as more than half of the patients in the
series (54%) are aged 60 years or more and are therefore
sporadic cases. In sporadic CRC, the effect of environ-
mental determinant on survival probably predominates
over the effect of susceptibility genes. An earlier study
on sporadic CRC [17] also did not detect a significant
association between cyclin DI G870A polymorphism
and overall survival, due perhaps to the lack of early on-
set-cases.

Nevertheless, we found that the GG genotype was
significantly associated with worse disease-specific sur-
vival for young male patients (Fig. 2). An earlier study
in squamous cell carcinoma of head and neck (SCCHN)
has reported gender-specific risk for the AA genotype
[18]. To our knowledge, however, this is the first report
that shows that an interaction between cyclin D1 geno-
type and gender has prognostic significance in CRC. It
is intriguing that for young AA or AG patients, the
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females, though not yet statistically significant, tend to
survive less well than the males (Fig. 2(c), log-rank test,
P =0.061). This observation may be due to the contrast-
ing interaction of cyclin D1 when it binds to the andro-
gen and oestrogen receptors, respectively. It has been
reported that cyclin D1 inhibits the transcriptional po-
tential of the androgen receptor [19] but activates the
oestrogen receptor [20]. Nevertheless, it cannot be
ruled out at present that this finding could be due to
chance in the sub-group analysis since the sample size
is small and needs to be validated in larger studies.
The GG genotype has previously been associated with
worse survival in SCCHN [21] and von Hippel-Lindau
haemangioblastoma [22].

Both transcripts a and b were expressed in the nor-
mal mucosa of all healthy controls irrespective of
genotype, suggesting that both transcripts can be
spliced from both alleles in the normal colon. How-
ever, only a subset (37%) of the patients’ mucosa ex-
pressed transcript b, demonstrating allelic specific
expression in young CRC patients. It is noteworthy
that in our series, the GG genotype tends to be asso-
ciated with more transcript b and that transcript b
was spliced from both alleles and not predominantly
from allele “4”. This is contrary to some earlier stud-
ies in Caucasian populations. The study on non-small
cell lung cancer has reported that the “G” allele fa-
vours splicing to transcript a although no statistical
analysis and no splicing data from normal controls
were reported [5]. Using limited specimens, the study
on SCCHN indicated that transcript b is spliced
mainly from the “A4” allele [23]. However, a study
on leukaemia patients has shown that the predomi-
nant transcript in GG patients was transcript b, which
supports our observation [24]. The only CRC study
with transcript data shows that the presence of tran-
script b is associated with earlier onset of HNPCC
[10]. Although the presence of transcript b in our
young patients (37%) is similar to this Finnish study
(35%), our data indicates that the GG genotype, but
not the presence of transcript b, is associated with ear-
lier age at onset in young non-FAP and non-HNPCC
patients. Again, it is possible that the diverse results
could be due to population or disease sub-group spe-
cific deregulation of cyclin D1 mRNA splicing.

In conclusion, the findings of this study support the
candidacy of cyclin DI G870A polymorphism as a low
penetrant gene associated with increased susceptibility
and advanced CRC. The polymorphism also affects
the age at onset and eventual survival of young Singa-
pore male patients. The mechanism of its action, how-
ever, may be population-, tissue- and gender-specific
and may be influenced by other cyclin D1 polymor-
phisms, such as the 1722 SNP (23) and thus merits
further investigation in larger series and other
populations.
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