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Abstract Epidemiological studies have investigated the

association between MDM2 promoter SNP 309 (T/G) and

endometrial cancer susceptibility. However, the results are

still controversial. To obtain a more precise estimate of the

relationship, we conducted a meta-analysis of 1,001 cases

and 1,889 controls from 6 published case–control studies

(one of five articles contains two studies) to estimate the

effect of SNP309 on endometrial cancer risk. The strength

of association between MDM2 SNP309 and endometrial

cancer susceptibility was assessed by calculating pooled

odds ratios (ORs) with 95% confidence intervals (CIs).

When all the eligible studies were pooled in the meta-

analysis, we found that elevated endometrial cancer risk

was significantly associated with GG variant genotype,

however, heterozygous genotype TG seemed to be only a

minor modifier on endometrial cancer risk (for GG vs. TT,

OR = 1.54, 95% CI = 1.21–1.95, P = 0.0004; for TG vs.

TT, OR = 0.96, 95% CI = 0.81–1.14, P = 0.66; for

dominant model, OR = 1.09, 95% CI = 0.93–1.29,

P = 0.29; for recessive model, OR = 1.65, 95% CI =

1.33–2.04, P \ 0.00001). Overall, the meta-analysis

suggested that the GG genotype of MDM2 SNP309 was

significantly associated with the increased endometrial

cancer risk.
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Introduction

Endometrial cancer (EC) is one of the most common

malignancies of the female genital tract worldwide and will

occur in 2.6% of women in the United States [1]. As with

all solid tumors, it is a heterogeneous disease with complex

etiology, owing to genetic and environmental effects as

causes or risk modifiers. It has been demonstrated that

some variants in genes lead to dysfunctional DNA mis-

match repair (MMR) and are therefore important in the

etiology of endometrial cancer [2–4].

One important gene that has been studied is mouse

double-minute 2 homolog (MDM2), a key negative regu-

lator of p53. Amplification and/or overexpression of

MDM2 have/has been found in several human cancers [5–

7]. A common polymorphism of the MDM2 gene has been

identified at nucleotide 309 (rs2279744, a T to G change at

nucleotide 309 in the first intron). This polymorphism,

which involves the second MDM2 promoter-enhancer

region, increases the affinity of the promoter for the tran-

scription activator Sp1 and results in higher levels of

MDM2 mRNA and MDM2 protein. This has an oncogenic
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effect by reduction of P53 levels, with a consequent

decrease of the TP53 apoptotic response and accumulation

of genetic errors, leading to faster, and a higher frequency

of, tumor formation [8–14]. Previous studies have pointed

out the possible relationship between MDM2-SNP309 and

the timing of cancer onset [15, 16]. Several reports have

provided evidence that the G-allele of SNP309 is correlated

with an increased risk of tumorigenesis [17–19].

Among women homozygous for the SNP309 variant

(GG), those with estrogen-sensitive breast cancers were

diagnosed 7 years earlier than those with estrogen-insen-

sitive tumors [11]. As we know, the endometrium is

estrogen-related, so, logically, SNP309 may be a candidate

indicator of susceptibility to endometrial cancer.

Some genotyping studies have investigated the associ-

ation between MDM2 SNP 309 and endometrial cancer

risk; the correlation has not been extensively studied,

however, previous experimental results remain controver-

sial [20–24]. Results of single, relatively small studies are

sometimes difficult to interpret and often conflict, and

meta-analysis is useful for assessing all the evidence from

such studies. Therefore, we present an updated meta-

analysis conducted to give a more precise estimate of the

association between MDM2 SNP309 and susceptibility to

developing endometrial cancer.

Methods

Search and selection process

We conducted a computerized search of Pubmed, the

Cochrane Library, reviews, and reference lists of relevant

papers using the search terms: ‘‘MDM2’’, ‘‘SNP309’’ or

‘‘rs2279744’’ and ‘‘endometrial cancer’’. All the indexed

studies were retrieved, and the search strategy was sup-

plemented by manually reviewing reference lists and by

querying investigators working in this field. For repub-

lished and overlapping studies, only the study with the

largest samples or the first published was included.

Included studies met 4 criteria:

1. evaluated the association between MDM2 SNP309 and

endometrial cancer risk;

2. with sufficient published data to enable estimation

of an odds ratio (OR) with 95% confidence interval

(CI);

3. prospective or respective cohort case–control studies;

4. executing Hardy–Weinberg equilibrium in the control

group (P \ 0.01).

Two reviewers (LY and HJ), unaware of the study

authors and the journals in which the studies were pub-

lished, independently determined whether the studies met

the inclusion criteria. Disagreements were resolved by joint

review and consensus.

Data extraction

Two reviewers (LY and HJ), independently extracted data

from published sources: the first author’s name, year of

publication available online, countries of origin, ethnicity,

total number of cases and controls, the numbers of cases,

and controls with the MDM2 SNP309. The minimum

number of patients for a study to be included was not

defined. Disagreements were resolved by joint review and

consensus.

Statistical analysis

Pooled odds ratios (ORs) with 95% confidence intervals

(CIs) were used to evaluate the strength of association

between the MDM2 SNP309 and endometrial cancer sus-

ceptibility [25]. A P value less than 0.05 was considered

statistically significant; all tests and CIs were 2-sided. We

first estimated the risks of the variant genotype GG and TG,

compared with the wild-type TT homozygote, and then

evaluated the risks of (GG ? TG) versus TT and GG

versus (TG ? TT), assuming dominant and recessive

effects of the variant G allele, respectively. The appropri-

ateness of pooling the results from individual studies was

assessed using the I2 test for heterogeneity. The I2 value

describes the percentage of total variation across studies

due to heterogeneity rather than chance, and we considered

I2 more than 50% to indicate significant heterogeneity

between the studies [26]. All analysis was initially con-

ducted using a fixed-effects model (the Mantel–Haenszel

method), and if heterogeneity across studies was observed,

the analysis were repeated using a random-effects model,

which includes measurement of variance in calculations

using pooled results [27]. Publication bias was assessed

using a funnel plot of effect size against standard error

[28]. The analysis was carried out by using Review Man-

ager statistical software (RevMan version 5.0.17.0; The

Nordic Cochrane Center, Rigshospitalet, Copenhagen,

Denmark).

Results

Study characteristics

The main characteristics of the 6 studies included are

shown in Table 1. All these studies were published in

English. A total of 1,001 cases and 1,889 controls were

studied. There were three studies of Caucasians, two of

Asians, and one of a mixed population. All of the cases
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were pathologically validated. Controls were primarily

healthy women that were matched for age.

Quantitative data synthesis and analysis

Data relating to the outcomes of GG versus TT, TG versus

TT, dominant model (GG ? TG vs. TT), and recessive

model (GG vs. TG ? TT) are documented in Table 2.

Our meta-analysis showed women with a homozygous

variant genotype GG were at a greater risk of developing

endometrial cancer than those with a wild-type TT geno-

type for the MDM2 SNP 309 (OR = 1.54, 95% CI =

1.21–1.95, P = 0.0004) (Fig. 1).

However, there was no significant statistical difference

in the incidence of endometrial cancer between women

with TG genotype and women with TT genotype

(OR = 0.96; 95% CI = 0.81–1.14, P = 0.66) (Fig. 2).

The meta-analysis of the dominant model showed no

significant relationship between GG ? TG genotype and

an increased risk of the development of endometrial can-

cer compared with the TT genotype (OR = 1.09, 95%

CI = 0.93–1.29, P = 0.29) (Fig. 3).

Significantly elevated endometrial cancer risk was also

associated with GG variant genotype in the recessive model

when all the eligible studies were pooled in the meta-

analysis (OR = 1.65, 95% CI = 1.33–2.04, P \ 0.00001)

(Fig. 4).

Because the between-study heterogeneity of each anal-

ysis in our meta-analysis was not statistically significant,

all pooled ORs were derived from fixed-effects models.

Publication bias

This was assessed by use of 4 funnel plots (Fig. 5). The

funnel plots for GG versus TT, TG versus TT, dominant

model (GG ? TG vs. TT), and recessive model (GG vs.

TG ? TT) seemed to be symmetric, suggesting the

absence of publication bias.

Discussion

With the completion of the Human Genome Project, we

have reached a new genomic era in science. A large

number of polymorphisms have been identified and several

of these have been analyzed for association with changes in

cell-cycle control [29]. Investigation of SNPs in genes and

pathways known to probably affect carcinogenesis are

good candidates for study.

MDM2, an E3 ubiquitin ligase, suppresses the activity

of p53 transcription and targeting p53 protein for ubiquitin-

mediated degradation [30–32]. It directly binds to p53 and

acts as a crucial negative regulator for maintaining function

of p53 by modulating its activity, location, and stability

[33]. Thus, increased MDM2 levels and a consequent

functional decrease in p53 activity could enable cells with

DNA damage to escape growth regulation, resulting in

faster, and a higher frequency of, carcinogenesis. Besides

this crucial function, MDM2 is also capable of mediating

p53-independent tumorigenicity; this is not yet well

understood [34].

Table 1 Main characteristics of the studies included in the meta-analysis

Study Year Country Ethnicity Total cases/controls Genotypes distribution (case/control) HWE

GG TG TT

Walsh 2006 USA Mixed 73/79 18/9 27/38 28/32 Y

Terry NHS 2008 USA Caucasian 394/948 63/95 162/420 169/433 Y

Terry WHS 2008 USA Caucasian 122/368 21/50 54/155 47/163 Y

Ashton 2009 Australia Caucasian 191/291 29/37 84/126 78/128 Y

NUNOBIKI 2009 Japanese Asian 102/95 34/19 44/59 24/17 Y

UEDA 2009 Japanese Asian 119/108 39/22 54/66 26/20 Y

HWE Hardy–Weinberg equilibrium, Y yes, NHS Nurses’ Health Study, WHS Women’s Health Study

Table 2 Meta-analysis of MDM2 SNP309 and endometrial cancer risk

Study groups GG vs. TT TG vs. TT Dominant model Recessive model

OR (95% CI) Ph OR (95% CI) Ph OR (95% CI) Ph OR (95% CI) Ph

Total 1.54 (1.21–1.95) 0.89 0.96 (0.81–1.14) 0.34 1.09 (0.93–1.29) 0.72 1.65 (1.33–2.04) 0.64

The between-study heterogeneity of each analysis in our meta-analysis was not statistically significant

Ph, P value of Q test for heterogeneity
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The study by Bond et al. [9] revealed a twofold increase

of the MDM2 protein in cell lines with the heterozygous

(TG) genotype and a fourfold increase in cell lines with the

homozygous variant (GG) genotype, compared with cell

lines with the homozygous wild (TT) genotype. Previous

studies also showed a functional effect of MDM2 SNP309

on cell lines [9, 35, 36]. It has been shown that women with

variant genotypes (GG ? GT) had a greater likelihood of

having a higher-grade (grade 2 or 3) endometrial cancer

than those with wild-type genotype (TT) [20]. On the basis

of the results of our meta-analysis, we might speculate a

higher-grade endometrial cancer is significantly more

Fig. 1 Forest plot for the overall association between MDM2 SNP309 status and endometrial cancer risk for genotype GG (variant homozygous

vs. TT). CI, confidence interval; OR, odds ratio

Fig. 2 Forest plot for the overall association between MDM2 SNP309 status and endometrial cancer risk for genotype TG (heterozygous vs.

TT). CI, confidence interval; OR, odds ratio
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associated with GG variant genotype. Furthermore, during

investigation of the effect of the 309G allele on the age of

tumor onset a gender-specific effect was observed—the age

of cancer diagnosis is younger in women but not in men

affected by STS, B cell lymphoma [11], and breast cancer

[37]. Also, a number of studies have revealed a possible

gender difference in colorectal and non-small cell lung

cancer susceptibility with regard to this genetic polymor-

phism [12, 17]. Several reports have shown that higher

MDM2 levels were expressed in ER-positive tumors or cell

lines rather than in ER-negative ones [38–41]. Because

SNP309 is located in the promoter region where ER binds

Fig. 3 Forest plot for the overall association between MDM2 SNP309 status and endometrial cancer risk for the dominant model (GG ? TG vs.

TT). CI, confidence interval; OR, odds ratio

Fig. 4 Forest plot for the overall association between MDM2 SNP309 status and endometrial cancer risk for recessive model (GG vs.

TG ? TT). CI, confidence interval; OR, odds ratio
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and leads to MDM2 gene transcription, MDM2 expression

levels could be affected by estrogen signaling through an

interaction of estrogen receptor (ER) with a region of the

promoter. The G-allele of SNP309 accelerates tumor for-

mation more strongly in women because it increases

affinity for Sp1, a co-transcriptional activator of the

estrogen receptor known to participate in estrogen-medi-

ated gene transcription [42, 43]. The results discussed

above suggest a pathway in which MDM2 SNP309 might

cooperate with estrogen-signaling to increase MDM2 lev-

els, with consequent increased susceptibility to endometrial

cancer. Moreover, because type I endometrial cancer is

related to hyperestrogenism whereas type II cancer is

unrelated to estrogen, type I endometrial cancer is signifi-

cantly more associated with the GG genotype.

Several studies have found a significant association

between MDM2 SNP309 and endometrial cancer risk [21–

24], whereas others have found no such association [20,

21]. In order to resolve this controversy, we performed this

meta-analysis of 6 studies, including 1,001 cases and 1,889

controls, for better evaluation of the association.

This is the first meta-analysis to demonstrate the asso-

ciation between risk of endometrial cancer and MDM2

SNP309 using eligible studies. On the basis of 6 case–

control studies focused on MDM2 SNP309 and endome-

trial cancer risk, our meta-analysis provided evidence that

women with a homozygous variant genotype were at

greater risk of endometrial cancer whereas the increased

risk in those with a heterozygous genotype TG was less

significant. The dominant model showed no significant

relationship between GG ? TG genotype and an increased

risk of development of endometrial cancer compared with

the TT genotype, but the GG genotype was significantly

associated with an increased risk of development of

endometrial cancer compared with the TG ? TT genotype.

However, attention should be drawn to some limitations

of the study. First, the controls in the studies included were

not uniformly defined. Second, data were not stratified by

other factors. Therefore, further precise analysis should be

performed if more detailed individual data become avail-

able, for example grade of endometrial cancer, age of

endometrial cancer onset or diagnosis, basal metabolic

Fig. 5 Funnel plots of all individual studies in the meta-analysis of risk of endometrial cancer in women with genotype GG versus TT, TG

versus TT, GG ? TG versus TT, and GG versus TG ? TT
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index, menopausal status, use of contraceptives, use of

postmenopausal hormones, smoking and drinking status,

and environmental factors.

On the basis of this analysis, women with MDM2

SNP309 GG genotypes have an approximate 65%

increased risk of development endometrial cancer, a result

which is statistically significant (OR = 1.65, 95% CI =

1.33–2.04). The result of our meta-analysis suggests

SNP309 could be a marker warning of endometrial cancer

occurrence. Further studies on the functions of MDM2-

SNP309 genotypes and their cooperation with the estrogen-

signaling pathway, biological correlation with genetic

backgrounds, chemo-sensitivity, cell cycle regulation, and

apoptosis would definitely aid better understanding of the

pathogenesis and clinical management of endometrial

cancer.
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