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Involvement of pS3 R72P polymorphism
in the association of MDM?2-SNP309 with breast cancer
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Abstract. The allelic variant MDM2-SNP309 (T>G) has been
suggested to influence cancer development, but the clinical
correlation between the risk allele and breast cancer remains
controversial. The genetic background and the ethnicity of
selected subgroups may influence the power of these risk geno-
types. In this study, we investigated whether MDM2-SNP309
is associated with p53 R72P genetic polymorphism for
the risk of breast cancer development in Asian Taiwanese,
which has not been well-studied in this regard. Two hundred
and fifty-five patients and 324 cancer-free controls were
included, and we found that the MDM2-SNP309 TG and
GG genotypes displayed marginally increased risks of breast
cancer (GG vs. TT: OR =1.7,95% CI =093 t0 3.09; TG + TT
vs. TT: OR = 1.57, 95% CI = 0.98 to 2.56). The breast cancer
risk asso-ciated with MDM2-SNP309 was enhanced after
stratification for the homozygous GG genotype at p53 codon
72 representing the Arg form of this genotype (GG vs. TT: OR
=37,95% CI = 1.144 to 12.02; TG + GG vs. TT: OR =217,
95% CI = 1.027 to 6.895). Also, the median age at diagnosis
of patients with MDM2-SNP309 GG increased from 4 years
earlier to 9 years earlier than TT patients after stratification
for the GG geno-type at p53 codon 72. Moreover, the G-allele
of MDM2-SNP309 exhibited a stronger capacity than the
T-allele to drive the full-length P2 promoter of the MDM?2
gene in several human cell lines, suggesting that the asso-
ciation between MDM2-SNP309 and breast cancer is likely
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multifactorial rather than due to inconsistent gene expression
in different cancer sources.

Introduction

According to the World Health Organization (WHO), breast
cancer remains the highest mortality- and morbidity-associated
female cancer in both developing and developed countries. It
may be associated with a high-calorie diet, environmental
and career stresses, and/or other social-physiological factors.
Given that cancer is considered to be a genetic disease, genetic
polymorphisms may also affect the risk of breast cancer
(1,2). Although rare, the incidence of male breast cancer is
increasing because of hormonal, environmental and genetic
risk factors (3).

The p53-MDM?2 circuit is an important auto-regulatory
mechanism that mediates responses to various cellular and
environmental stresses that include cell cycle arrest, apoptosis,
senescence and DNA repair (4). Mutations in p53 are associ-
ated with 50% of human cancers. With regard to breast cancer,
the genomic mutation of the p53 gene or the nuclear accumu-
lation of impaired p53 accounts for 20-40% of all cases at
different disease stages (5,6). In addition, the repression of p53
activation by the estrogen-mediated over-expression of MDM2
enhances the incidence rate of breast cancer (7,8). This enhance-
ment is associated with a single nucleotide polymorphism found
in the P2 promoter region of the MDM?2 gene, SNP309 (T to
G change; rs2279744). The homozygous MDM2-SNP309
genotype (GG) is known to increase the basal level of MDM2
protein by enhancing the binding of the Spl general transcrip-
tion factor to the promoter (9). This may explain why young
women harboring MDM2-SNP309 are prone to breast cancer
because high estrogen secretion usually occurs in adolescence
for the maintenance of sexual characteristics (10).

The association between MDM2-SNP309 and the risk of
breast cancer remains controversial. For example, a large pooled
series of >5,000 cases from five European studies within the
Breast Cancer Association Consortium (BCAC) concluded
that no association can be found between MDM2-SNP309
and breast cancer (11). By contrast, we and others have
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found that MDM2-SNP309 remains a risk factor for breast
cancer in various patient subgroups (12-15). Using a meta-
analysis, Economopoulos and Sergentanis focused on the
racial effect and proposed that MDM?2-SNP309 affects the
incidence of breast cancer in the Chinese population but
not the non-Chinese population (16). Whether the effects of
MDM?2-SNP309 on breast cancer incidence are associated
with the racial factor alone or the genetic backgrounds of
different races requires further investigation.

The germ-line variant of pS3 codon R72P is due to a G to
C nucleotide change at codon 72 located in exon 4 (rs1042522)
that changes the codon from Arg (R) to Pro (P) (17). The
72R variant tends to activate the apoptotic pathway, whereas
the 72P variant promotes cell cycle arrest and DNA repair
in stressed cells (18-21). The association between p53 codon
R72P and the risk of breast cancer is not significant according
to an international large cohort study in Europe (1,11). A
recent meta-analysis of 39 case-control studies (26,041 cancer
cases and 29,679 controls) showed that p53 codon R72P may
decrease the risk of breast cancer, especially in Europeans
(22). On the other hand, a small population study from Greece
concluded that p53 Arg homozygosity is a risk factor for
breast cancer (23). These different conclusions from the same
population suggest that the association between p53 codon
R72P and breast cancer is complicated and may depend on the
selected subgroups.

Over-expression of MDM?2 leads to the down-regulation of
p53 and results in a higher risk of carcinogenesis and acceler-
ated tumorigenesis (24). Homozygous MDM2-SNP309 has
been reported to increase the risk of several human cancers
harboring wild-type p53 (7,15,25,26). Several reports have
focused on the combined effects of MDM2-SNP309 and
p53 codon R72P on different human cancers, and the risk
association is controversial (27-32). The interaction between
MDM2-SNP309 and p53 codon R72P is not associated with
breast cancer risk, although it may affect the age at onset and
patient's survival (11,33-36). Because the studied populations
in these reports are mainly from Western countries and India,
it is difficult to exclude the combined effects of these two
genetic variants on the risk and development of breast cancer
in different races or subgroups.

‘We have previously reported that MDM2-SNP309 increases
the risk of breast cancer and advances its age of onset in
Asian-Taiwanese women (12). Little is known about whether
p53 codon R72P interacts with MDM2-SNP309 during the
development of breast cancer. The effects of p53 codon R72P
on the risk of breast cancer are also not well-studied. Because
these combined genetic variants may influence the risk of
human cancer differently in different subgroups, we investi-
gated the interaction of MDM2-SNP309 and p53 codon R72P
during breast cancer development in the Asian-Taiwanese
population.

Materials and methods

Patient samples. Two hundred and fifty-five breast cancer
patients and 324 cancer-free healthy patients were collected
from Taipei City Hospital Ren-Ai Branch in Taipei, Taiwan.
The patients were consecutively and randomly enrolled. The
participants were guided to sign consent forms and structured
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questionnaires after they had agreed to the research content.
The demography of these patients is summarized in Table I. The
participants were all Asian Taiwanese, not immigrants from
America or Europe. This study was approved by the Taipei City
Hospital Institutional Review Board (TCHIRB-970705).

Genotyping of MDM?2 SNP309 and p53 codon R72P. For geno-
typing, 3 ml of whole blood was collected from each participant.
The preparation of genomic DNA from whole blood samples
was carried out, and the MDM2-SNP309 genotyping proce-
dure was performed as previously described with minor
modifications (37). In brief, using the Qiagen mini blood DNA
extraction kit (Qiagen Inc., Valencia, CA), genomic DNA was
extracted from 200 ul of blood and stored at -20°C until use.
The chromosomal region containing MDM?2 SNP 309 was
amplified by polymerase chain reaction (PCR) using a pair of
primers, namely F (5'-CGGGAGTTCAGGGTAAAGGT-3")
and R (5" AGCAAGTCGGTGCTTACCTG-3'"). The PCR
reactions consisted of 100 ng of genomic DNA, 0.2 M primer,
200 M dNTP, 1.5 mM MgCl,, 20 mM Tris-HCI (pH 8.4),
50 mM KCI and 1U of Platinum Taq DNA polymerase
(Invitrogen, Carlsbad, CA). The thermal cycling conditions
were 1 min at 94°C; 40 cycles of denaturing at 94°C, annealing
at 58°C, and elongation at 72°C for 30 sec each, followed by
one cycle at 72°C for 10 min. For restriction fragment length
polymorphism (RFLP) analysis, 10-20 pl of the amplified
352-bp fragment was digested with 1U of MspAlI restriction
enzyme (New England Biolabs, Ipswich, MA) at 37°C in
a water bath for 30 min to 1 hour. The T/T, T/G and G/G
genotypes were distinguished by observing the presence of
bands with lengths of 233 and 88; 233, 187 and 88 bp; and 187
and 88 bp, respectively, after electrophoresis on a 3% NuSieve
agarose gel. For p53 codon 72 polymorphism genotyping, the
procedure was followed as described previously (38). The
primer set was: F (5"TTTCACCCATCTACAGTCCC-3") and
R (5-CGGTGTAGGAGCTGCTG-3"). The length of the PCR
product was 166 bp, and this was then digested with BstU1
at 60°C for 1 h. The digestion of the P/P variant yielded a
166-bp band, the R/R variant yielded 135- and 31-bp bands,
and the P/R heterozygous variant yielded 166, 135 and 31 bp
bands. In addition, the genotypes were further confirmed by
direct sequencing of the PCR products by the Sequencing
Core Facility of the National Yang-Ming University Genomic
Research Center (YMGC).

Cell culture. Human breast cancer cell lines (including MDA-
MB-231, MDA-MB-435s, BT474 and MCF-7) and human
embryonic kidney 293T cells were cultured in Dulbecco's
modified Eagle's medium (DMEM) supplemented with 10%
fetal bovine serum (FBS, Sigma), 2 mM L-glutamate, 50 U/ml
penicillin and 50 pg/ml streptomycin (Invitrogen). For BT474
cells, 10 pug of non-essential amino acids was also supple-
mented. All cell lines were maintained in a humidified 37°C
incubator supplemented with 5% CO, and 95% air. BT474 cells
were sub-cultured every four days, whereas all other cell lines
were passaged every two days.

Plasmid constructs. Genomic PCR was used to obtain the P2
promoter region of the MDM?2 gene. The sequences of the
primers were F: 5'-CTCGAATTCGGAGCAGGTACTGGC
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Table I. The demography of breast cancer patients and cancer-free controls from blood donors.

MDM2-SNP309* p53 R72P°
Characteristics Cases Controls p-value Cases Controls p-value
Age (years)
Mean 552 62.1 <0.0001 550 62.3 <0.0001
SD 10.7 19.6 10.8 19.6
Gender
Male 1 (04) 132 (40.7) <0.0001 1 (04) 132 (41.1) <0.0001
Female 254 (99.6) 192 (59.3) 238 (99.6) 189 (58.9)
Alcoholism
Yes 15 (5.9) 35(10.8) 0.052 17 (7.1) 33(10.3) 0.25
No 240 (94.1) 289 (89.2) 222(92.9) 288 (89.7)
High calorie intake
Yes 55(21.6) 73(22.5) 0.86 50(20.9) 72(22.4) 0.75
No 200 (78.4) 251(77.5) 189 (79.1) 249 (77.6)
Vegetarian
Yes 18 (7.1) 10 (3.1) 0.044 16 (6.7) 10 (3.1) 0.074
No 237(92.9) 314 (96.9) 223(93.3) 311 (96.9)
Cardiovascular disorders
Yes 72(28.2) 141 (43.5) 0.0002 67 (39) 140 (43.6) 0.0002
No 183 (71.8) 183 (56.5) 172 (61) 181 (56.4)
Body mass index (BMI)
Mean 239 23.6 0.24 240 23.60 0.1307
SD 39 34 39 344

*Each sample was genotyped for MDM2-SNP309 and p53 codon R72P. Several samples were successfully genotyped for MDM2-SNP309
but not p53 codon R72P. All of the blood donors were Asian-Taiwanese. "The percentages are shown in the parentheses. Age and BMI were

determined by two-sample t tests, and all other parameters were determined by chi-square tests.

CCGGC-3' and R: 5-GACAAGCTTTCGCCACTGAACA
CAGCTGG-3'". The genomic DNA extracted from MCF-7
cells (harbors heterozygous MDM2-SNP309 (T/G) genotype)
was subjected to genomic PCR using the above primers. An
approximately 500-bp PCR product was purified by a gel
extraction kit (Qiagen) and was cloned into the pGluc-Basic
plasmid (Promega, Madison, WI) through EcoRI and HindIIl
enzyme sites. The obtained clones were collected for plasmid
extraction and were all subsequently subjected to DNA sequ-
encing. The constructs containing T or G at the MDM2-SNP309
position were named SNP309T-Gluc and SNP309G-Gluc,
respectively.

Transfection and reporter gene assay. Cells were transfected
with either the SNP309T or SNP309G reporter gene construct
using the jetPEI polymer-based DNA transfection reagent
(PolyPlus transfection™, New York, NY) according to the
manufacturer's instruction. After 48 h of transfection, 50 ul of
culture medium was collected and mixed with 100 ul of coel-
enterazine substrate (Gold Biotechnology Inc., St. Louis, MO)
in 1X luciferase buffer (50 mM glycylglycin, 1 M magnesium
sulfate, 10 mg/ml bovine serum albumin and 0.5 M EDTA).
The bioluminescent reaction was immediately measured
using the Wallac Victor 2 Multi-label Counter (Perkin Elmer

Inc., Waltham, MA) by detecting the emitted photons at
475 nm. The data were normalized by total protein in 50 pul
of culture medium. The values are the mean of three indepen-
dent experiments + SD The differences between the values
obtained with the two different reporter gene constructs were
considered significant at p<0.05.

Statistical analysis. The genotype and allele frequencies
were tested for Hardy-Weinberg equilibrium using a publicly
available calculator (http://www.genes.org.uk/software/hardy-
weinberg.shtml), and the statistical significance was determined
by the %* test. The values of the odd ratios (ORs) and 95%
confidence intervals (CIs) were used to determine the risk
association between MDM2-SNP309 genotype, p5S3 codon
R72P and breast cancer using multivariate logistical regres-
sion analysis. The Kaplan-Meier method and the log-rank test
were used to compare the breast cancer patients with different
MDM2-SNP309 and p53 codon R72P genotypes with respect
to age at diagnosis, as described previously (12). The initial
date were counted from the date of hospital admission.
Statistical differences were considered to be significant at
p<0.05. All tests and statistical evaluations were performed
by the Statistical Analysis System software (ver. 9.1; SAS
Institute, Cary, NC).
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Table II. The risk evaluation of MDM?2 SNP309 and p53 R72 R genotypic frequencies on the development of breast cancers in
the Taiwanese population.

Genotypes Cases n (%) Controls n (%) OR (95% CI)* p-value OR (95% CI)° p-value
MDM2-SNP309
TT 47 (18.4) 90 (27.8) 1 (reference) 1 (reference)
TG 150 (58.8) 172 (53.1) 1.67 (1.1-2.53) 0.02 1.55 (0.94-2.55) 0.08
GG 58 (22.4) 62 (19.8) 1.79 (1.09-2.96) 0.02 1.7 (0.93-3.09) 0.08
TG + GG 208 (81.6) 234 (72.2) 1.7 (1.14-2.54) 0.01 1.57 (0.98-2.56) 0.06
Allele Frequency*
T 048 0.54
G 0.52 0.46
p53 codon72 R/P
RR (GG)* 71 (29.7) 104 (32.4) 1 (reference) 1 (reference)
PR (GC) 90 (37.7) 129 (40.2) 1.02 (0.68-1.53) 09 1.03 (0.64-1.68) 0.89
PP (CC) 78 (32.6) 88 (27.4) 1.22 (0.75-1.98) 0.2 1.1 (0.66-1.81) 0.71
PP+ PR 168 (70.3) 217 (67.6) 0.90 (0.59-1.38) 0.5 1.06 (0.69-1.64) 0.78
Allele Frequency®
T 0.49 0.52
G 0.51 0.48

*Crude OR. PORs are adjusted for age, gender, high calorie intake, vegetarian, and cardiovascular diseases. ‘Genotype of the SNP is shown in
the parenthesis. ‘The ¥ of cases and controls in MDM2-SNP309 group are 8.07 and 1.48, respectively. “The > of cases and controls in p53

codon R72P are 14.5 and 12.1, respectively.

Results

The characteristics of breast cancer patients and cancer-
free healthy controls. In this study, we have genotyped the
MDM?2-SNP309 and p53 codon R72P in 579 subjects (255
cancer cases and 324 controls). The characteristics of the
patients and the cancer-free controls are summarized in
Table I. Among them, 19 blood samples (16 cancer cases and
3 controls) failed to obtain p5S3 codon R72P genotypes after
several experimental repeats. However, the statistical analysis
revealed no significant discrepancy between these two groups
for any of the characters. The variants exhibited significant
difference (p<0.05) between patient cases and cancer-free
controls were adjusted for the ORs in the multivariate logistic
regression analysis.

The frequency of MDM2-SNP309 and of p53 codon R72P in
the Taiwanese population and their association with the risk
of breast cancer. In the MDM?2-SNP309 group, the frequency
of the homozygous (GG) and heterozygous (TG) genotypes
combined was higher in the patients than in the cancer-free
controls (81.6 vs. 72.2%). According to the individual geno-
typing data, the patients also had higher GG and TG frequencies
than the cancer-free controls (GG: 22.4 vs. 19.8%; TG: 58.8
vs. 53.1%). In addition, the frequency of MDM2-SNP309 in
the cancer-free controls obeyed Hardy-Weinberg equilibrium
(x*=1.48), whereas this result was not observed in the cases
group (x*=8.07) (Table II). By contrast, only the homozygous
CC genotype exhibited higher frequency in the cases (32.6%)
than in the cancer-free controls (27.4%) in the p53 codon
R72P group. The frequency of the p53 codon R72P genotype

did not conform to Hardy-Weinberg equilibrium in either the
cases or the cancer-free controls (Table II).

The association of MDM2-SNP309 and p53 codon R72P
with the risk of breast cancer in the Taiwanese population was
further dissected by the OR with a 95% confidential interval
(CI) using multivariate logistic regression analysis. As shown in
Table II, the heterozygous and homozygous MDM2-SNP309
genotypes exhibited elevated risk compared to the common
genotype (TG: OR = 1.55, 95% CI = 0.94 to 2.55; GG: OR
= 1.7, 95% CI = 0.93 to 3.09). By contrast, the GC and CC
genotypes of p5S3 codon R72P did not confer a significantly
greater risk of breast cancer using the GG genotype as a
reference (GC: OR = 1.03, 95% CI = 0.64 to 1.68; CC: OR =
1.1, 95% CI = 0.66 to 1.81). The ORs were adjusted for several
confounding factors, including age, gender, high caloric intake,
vegetarianism and cardiovascular diseases. Thus, it appears
that MDM2-SNP309, but not p53 codon R72P in the same
studied subject, is associated with the risk of breast cancer
in the Taiwanese population. Since the genotypic distribution
of p53 codon R72P in both patient cases and cancer-free
controls do not conform to the Hardy-Weinberg law, the risk
association of this genotype with breast cancer remains to be
confirmed.

Evaluation of the impact of MDM2-SNP309 on the risk of
breast cancer by stratification with p53 codon R72P. Because
MDM2-SNP309 increased the risk of breast cancer in the
Taiwanese population, we next investigated whether p53 codon
R72P influenced the effects of MDM2-SNP309 on breast cancer
incidence. Using the multivariate logistic regression model,
MDM2-SNP309 genotypes were stratified for p53 codon
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Table III. The risk evaluation of MDM2-SNP309 on breast cancer stratified for p53 R72P.
Cases n (%) Controls n (%) OR (95% CI)® p-value®
GG genotype of p53 R72P*
MDM2-SNP309
TT 11 (16.2) 37(35.9) 1 (reference)
TG 38 (55.9) 48 (46.6) 2.3 (0.886-6.249) 0.02
GG 19 (27.9) 18 (17.5) 3.7 (1.144-12.02) 0.01
TG + GG 57 (83.8) 66 (64.1) 2.7 (1.027-6.895) 0.005
Allele frequency
T 0.44 0.59
G 0.56 041
GC genotype of p53 R72P
MDM2-SNP309
TT 18 (21.4) 33 (26.2) 1 (reference)
TG 51 (60.7) 72 (57.1) 1.17 (0.508-2.702) 0.50
GG 15 (17.9) 21 (16.7) 147 (0491-4.4) 0.66
TG + GG 66 (78.6) 93 (73.8) 1.24 (0.553-2.76) 0.51
Allele frequency
T 0.52 0.55
G 0.48 045
CC genotype of p5S3 R72P
MDM2-SNP309
TT 16 (21.6) 18 (20.9) 1 (reference)
TG 43 (58.1) 47 (54.7) 0.87 (0.335-2.266) 0.99
GG 15 (20.3) 21 (24.4) 0.66 (0.219-1.964) 0.81
TG + GG 58 (78.4) 68 (79.1) 0.8 (0.318-1.996) 0.99
Allele frequency
T 0.51 048
G 0.49 0.52

“Three genotypes of p53 R72P separately grouped for stratified analysis of the association of MDM2-SNP309 genotypes and breast cancer
incidence. "Each OR has been adjusted for age, gender, high calorie intake, vegetarian and cardiovascular diseases using the multivariate
logistic analysis. “The p-value was determined by Fisher's exact test. “The allelic frequency was obtained by the Hardy-Weinberg equilibrium,
and the MDM2-SNP309 genotype in each stratified group conforms to the equilibrium.

R72P with adjustment. The results showed that the p53 codon
R72P GG genotype (which encodes RR) enhanced the effects
of both the heterozygous and homozygous MDM2-SNP309
genotypes on the risk of breast cancer (TG: OR = 2.3, 95%
CI = 0.886 to 6.249; GG: OR =3.7,95% CI = 1.144 to 12.02)
(Table III). On the other hand, the p53 codon R72P CC genotype
(encodes PP) negatively influenced the risk of MDM2-SNP309
on breast cancer (TG: OR = 0.87, 95% CI = 0.335 to 2.266;
GG: OR =0.66,95% CI = 0.219 to 1.964). The distribution of
MDM2-SNP309 genotypes obeys Hardy-Weinberg equilib-
rium in both cases and controls after they were stratified for
p53 codon R72P.

Effects of MDM2-SNP309 and p53 codon R72P genotypes
on age at onset of breast cancer. We next compared the
median age at diagnosis of breast cancer cases between the
different genotypes of MDM2-SNP309. For MDM2-SNP309,
the median ages of onset for the GG and TT genotypes were
50 (range 37-72) and 54 (range 34-91) years, respectively.

In patients bearing the p53 codon R72P GG genotype, the
median age at diagnosis for the MDM2-SNP309 GG and TT
genotypes was 50 and 59 years, respectively. This significant
early age onset of homozygous MDM2-SNP309 genotype
was not observed under other genotype background of p53
codon R72P (R72P GC genotype, SNP309GG vs TT: 49 vs 53
years; R72P CC genotype, SNP309GG vs TT: 55 vs 53 years).
The age at onset of breast cancer with different combinations
of MDM2-SNP309 and p53 codon R72P genotypes was also
analyzed by the Kaplan-Meier method with the log-rank test.
The results showed that despite significant differences in the
onset ages between the homozygous and common genotypes
of MDM2-SNP309 and p53 codon R72P were not observed,
the homozygous MDM2-SNP309 genotype conferred an
earlier age at onset than did the common MDM2-SNP309
genotype in the p53 codon R72P GG background, but not
in the GC or CC genetic background (Fig. 1). However, the
log-rank test showed that the difference between these two
genotypes of MDM?2-SNP309 was not significant (p=0.084)
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Figure 1. Comparison of the survival curves of MDM2-SNP309 GG and TT carriers after stratification for p53 codon R72P GG (left), GC (middle) and CC
(right). The Y axis represents the cumulative case-free survival rate against age at diagnosis. The statistical significance was determined by the log-rank test.
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Figure 2. Comparison of the effects of the MDM2-SNP309 G-allele and
T-allele on full-length P2 promoter activity of the MDM?2 gene. The results
were analyzed by t test, and the p-values for comparison of the two alleles on
promoter activity were 0.0307, 0.0294, 0.0272, 0.065 and 0.0333 for MDA-
MB-435s, MDA-MB-231, BT474, MCF-7 and 293T cells, respectively. RLU:
relative luminescence units. G, SNP309G-Gluc construct; T, SNP309T-Gluc
construct.

even in the background of p53 codon R72P GG genotype.
Therefore, the association between MDM2-SNP309 and the
age onset of breast cancer in p53 codon R72P GG carriers
remains to be addressed in a larger sample size.

MDM?2-SNP309 G provides stronger promoter activity than
T to the full-length MDM?2 P2 promoter. MDM2-SNP309 G has
been suggested to increase MDM?2 gene expression, whether
this effect is cell-specific remains unclear. To investigate the
capacity of MDM2-SNP309 to activate the MDM2 gene, the
full-length MDM2 P2 promoter containing either G or T was
amplified and fused to a Gluc reporter gene (Materials and
methods). The reporter gene constructs were separately trans-
fected into several breast cancer cell lines, including
MDA-MB435s, MDA-MB231, BT474 and MCF-7. We also
transfected these constructs into a non-breast cancer cell line
(293T) for comparison. The results showed that the
MDM2-SNP309 G allele exhibited a stronger ability than the
T allele to activate the P2 promoter in all cell lines except in
MCEF-7 cells, in which the difference was marginally signifi-
cant (p=0.065) (Fig. 2). These data indicate that the G allele of
MDM2-SNP309 generally increases P2 promoter activity,
and they imply that the controversial clinical correlation of
this genotype with breast cancer is likely associated with a
multiplicity of factors.

Discussion

According to the Taiwan Cancer Registry, breast cancer ranked
as the fourth highest type of cancer with respect to mortality
among the Taiwanese population during 2001-2008. However,
the effects of genetic background on the incidence of breast
cancer have not been well-studied. Given that personalized
therapeutic strategies are under development, it is important to
establish associations between tumor-related genes and cancer
risk. Although the germ-line allelic variants of the p53 tumor
suppressor gene and the MDM2 oncogene are not always risk
factors for various human cancers, their association may be
dependent on environmental factors, race or subgroup identity
(11,12,23).

In this study, we found that both the heterozygous and
homozygous MDM2-SNP309 (TG and GG) genotypes
increased the risk of breast cancer (by 1.55- and 1.7-fold,
respectively) compared to the wild-type TT genotype in Asian
Taiwanese. We also found that p53 codon R72P was not asso-
ciated with the risk of breast cancer in this population, and
this result is consistent with studies based on analyses of large
cohorts from multiple countries (1,11), but not with a small-
sized sample study (23). The primary limitation of our study
is the small sample size. We also found that the distribution of
MDM2-SNP309 genotypes in the cancer-free group, but not
in the case group, conformed to Hardy-Weinberg equilibrium.
This observation is consistent with our previous reports using
a smaller cohort (124 cases and 97 controls) to investigate the
effects MDM2-SNP309 on breast cancer (12). On the other
hand, p53 codon R72P departure from the Hardy-Weinberg
law in both the case group and the cancer-free control group.
However, this observation should not influence the role of p53
codon R72P on modifying the effect of MDM2-SNP309 on
the development of breast cancer.

The association between MDM2-SNP309 and human
cancer risk is controversial, and most of the reports have failed
to show that carriers of MDM2-SNP309 are more susceptible
to cancer (36,39-45). However, environmental factors, hormonal
secretion, and inherent or mutant germ-line genetic background
may enhance the effects of MDM2-SNP309 on human cancer
development (7,15,25,46-48). Compared to previous study
(12), here we used a larger sample size for risk evaluation of
MDM2-SNP3009, and the result remains comparable. Therefore,
current data agree that MDM?2-SNP309 may be associated with
breast cancer risk in selected races and subgroups (11,16).
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In this study, we included a male patient with breast
cancer for the statistic analysis. Since the case is insufficient
in statistical power this confounding factor has been adjusted
for the multivariate logistic regression analysis. In fact, we
found that the ORs of MDM2-SNP309 and p53 codon R72P
were similar to total cases when only the female groups were
calculated (MDM2-SNP309: TG + GG v.s. TT, OR = 1.51,
95% CI = 0.959 to 2.3748; pS3 codon R72P: GC + CC v.s. GG,
OR = 1.07,95% CI = 0.7048 to 1.6323). Although male breast
cancer is rare, the incidence is increasing and the fatality rate
of male breast cancer is similar to that of female breast cancer
(49,50). Current results suggest that the involvement of male
breast cancer in risk evaluation of MDM2-SNP309 or p53
codon R72P genotypes would be meaningful.

To better understand the interaction between MDM2-
SNP309 and p53 codon R72P, we calculated the ORs of the
different MDM2-SNP309 genotypes stratified for pS3 codon
R72P genotype. We found that in the homozygous p53
codon R72P GG genetic background, both the heterozygous
and homozygous MDM2-SNP309 (TG and GG) genotypes
conferred a higher risk (OR = 2.4 and 3.7, respectively) of
breast cancer compared to the wild-type MDM2-SNP309
TT genotype. By contrast, the heterozygous and homozygous
MDM2-SNP309 genotypes combined with homozygous
p53 codon R72P CC leads to a potentially protective effect
(OR =0.87 and 0.66, respectively) on breast cancer compared
to the wild-type MDM2-SNP309 TT genotype. These latter
observations are in part consistent with a large cohort study
in Europe in which carriers of MDM2-SNP309 GG and p53
codon R72P CC had a reduced risk of breast cancer (OR =
0.68, 95% CI = 0.43 to 1.08) (11). In response to stress, the
Arg form at p53 codon R72P favors cell apoptosis and the Pro
form favors cell cycle arrest/DNA repair (17-20). It has been
speculated that enhanced risk in carriers of MDM2-SNP309
GG and p53 codon R72P GG is due to the repression of the
p53 codon R72P Arg form (apoptosis-prone) by over-expressed
MDM?2 and subsequent enhanced cell survival after damage.
This may lead to an increase in transformed cells that contribute
to carcinogenesis. On the other hand, the over-expression of
MDM2 by homozygous SNP309 may repress the p53 codon
R72P Pro form (DNA repair-prone) and reduce the mutation
rate caused by repair errors. The detailed mechanisms, however,
remain to be investigated.

In addition to the risk association, homozygous MDM?2-
SNP309 GG genotype showed a trend in accelerating the
breast cancer development in the background of p53 codon
R72P GG genotype (Arg form). However, since the statistic
significance is marginal (p=0.084), a larger sample size may
be required to emphasize this difference. It has been reported
that Arg form of p53 codon R72P decreases breast cancer
risk in the later onset sporadic cases (14). This may support
the hypothesis that the germ-line G allele of MDM2-SNP309
represses the apoptosis-prone p53 codon R72P Arg form or
represses the DNA repair-prone p53 codon R72P Pro form
and thereby affects breast cancer development.

Although current data suggest that the effect of MDM2-
SNP309 on the formation of breast cancer is influenced by the
inherent pS3 codon R72P genetic background, the results are
inferred from a small sample. The insufficient power makes
it difficult to generalize the statistical analysis. However, a
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recent international study based on 3,749 breast cancer cases
showed that among them, only 26 cases harbored both the
homozygous MDM2-SNP309 GG genotype and the p53
codon R72P CC genotype (0.69%) (33). According to the case
data presented in Table III, 15 of the 226 cases were carriers
of both MDM2-SNP309 GG and p53 codon R72P CC. This
ratio is 6.6%, and it is very similar to that measured for the
cancer-free healthy controls. Although a larger sample is
required to further address our result, the different allelic
frequency of MDM2-SNP309 and p53 codon R72P among
selected ethnicities and subgroups agrees with the significance
of this factor (12,16,22,33).

Given that the clinical correlation of MDM2-SNP309 geno-
type with human cancers remains controversial, it is essential
to re-evaluate the role of MDM2-SNP309 on the ablation of
P2 promoter activity of the MDM?2 gene. Although Bond ef al
have established reporter gene constructs harboring tandem
repeats of the Spl binding sequence with either the T or G
variant at the corresponding SNP309 site (9), to the best of
our knowledge the effect on the full-length P2 promoter of
the MDM2 gene has not been investigated. Using reporter
gene constructs with either SNP309G or T located in the P2
promoter, we confirmed that the activity of the G-containing
promoter is higher than that of the T-containing promoter
in five different human cell lines. This difference is only a
little weaker in MCF-7 cells, and the p-value remains near
0.05 (p=0.065). Because MDM2-SNP309 only mediates the
binding of the Spl general transcription factor, the inherent
MDM2-SNP309 genotypes and the MDM?2 expression levels
of these cell lines should not affect the output of transfected
reporter gene constructs. Our results are also consistent with
a recent report demonstrating that transgenic mice carrying
the MDM2-SNP309G allele exhibit elevated MDM?2 levels,
repressed p53 levels and increased cancer risk as compared to
those carrying the MDM2-SNP309T allele (51). Therefore, the
biochemical and molecular functions of MDM2-SNP309 are
not likely to be the cause of the clinical controversy on cancer
incidence. Genetic background, environmental factors and the
geographic distribution of ethnic groups and subgroups may
influence the strength of the effect of MDM2-SNP309 on
breast cancer development, at least in part.

In summary, our data suggest that the risk allele MDM?2-
SNP309 is associated with the incidence of breast cancer,
which becomes greater in the p53 codon R72P GG (Arg
form) genetic background. Early age onset of breast cancer
in MDM2-SNP309 GG carriers is also enhanced by the p53
codon R72P GG (Arg form) genotype. Given that the G allele
of MDM2-SNP309 increases the P2 promoter activity of the
MDM?2 gene, the association of MDM2-SNP309 with the
risk of breast cancer should be multifactorial. Current data
suggest that p53 codon R72P may be an effect modifier of
MDM2-SNP309 on the development of breast cancer, and this
finding may contribute to clinical diagnosis and the design of
therapeutic strategies.
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