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Abstract 
Introduction: Epithelial ovarian cancer (EOC) is most common malignancy affecting Indian women. One of the transcriptional 

targets of p53 is human homolog of Murine Double Minute 2 Oncogene (MDM2) which is a crucial negative regulator of p53. 

Polymorphism in intronic promoter P2 region of MDM2 at position 309 increase binding affinity of specific protein 1, lead to 

over expression of MDM2 and deflation of p53 pathway. The objectives of study were to find effect of MDM2 SNP309 T>G 

polymorphism and serum estrogen level on risk of development of EOC and interaction between MDM2 SNP309 T>G and TP53 

72 Arg>Pro polymorphism.  

Materials and Methods: Eighty EOC cases and eighty age matched healthy controls were included in study. MDM2 SNP309 

T>G polymorphism was detected by ASO-PCR technique and serum estrogen levels were detected by chemiluminescence 

immunoassay.  

Result: MDM2 SNP309 GG genotype was associated with significantly increased risk (OR: 2.86, 95%, CI: 1.07-7.66; P=0.03) 

and early age onset (P=0.001) of EOC. Serum Estrogen was significantly (P<0.05) higher in cancer patients than controls. 

MDM2 SNP309 T>G and TP53 72Arg>Pro gene polymorphism act additively in developing ovarian cancer.  

Conclusion: This study provides evidence that MDM2 SNP309 T>G promoter polymorphism in association with the higher 

serum estrogen levels is associated with genetic susceptibility and early age onset of ovarian cancer. 
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Introduction 
EOC is one of the most common malignancy 

affecting Indian women.1 It is the most lethal of all 

gynecologic malignancies accounting for 52% of all 

gynecological cancers related deaths.2 In early stage 

maximum patients are asymptomatic, and more than 

75% cases are diagnosed at a late stage.3 It is most 

lethal gynecological malignancy due to late detection 

and ineffective treatment for late stage.4 So, it is 

necessary to disclose the molecular mechanism of 

ovarian cancer development which is useful to diagnose 

ovarian cancer at early stage.  

It is well known that inherited mutations of 

BRCA1, BRCA2, MLH1 and MSH2 are more prone to 

develops familial Ovarian Cancer.5 But role of genetic 

factors in sporadic ovarian cancer yet not clarified. 

Previously studies reported that polymorphism in 

cancer susceptibility genes are predisposing risk factor 

for development of cancer.6,7 These types of studies 

trace the pathogenesis of cancer and can be used as a 

prognostic marker. 

Exposure to endogenous or exogenous genetic 

insults may be a cause of carcinogenesis.8 But body has 

powerful protective mechanisms to fight against them. 

One of the mechanisms is by popularly known 

“guardian of the genome”, p53- a tumor suppressor 

protein.9 One of the transcriptional targets of p53 is 

human homolog of MDM2 which is a crucial negative 

regulator of p53. It is located on chromosome 12q13-14 

with genomic size of 34 kb.10 

In normal cell, intracellular p53 is strongly under 

being in command of of MDM2 by action of auto 

inhibitory loop of p53-MDM2. In which, p53 as a 

transcription factor stimulate transcription of MDM2 

which bind to N-terminal of p53 and hinder p53 

dependent transcription by E3 ubiquitin ligase activity 

and targeted to proteosomal degradation, thus keep the 

p53 at an unnoticeable level.11,12 Interruption in this 

auto inhibitory loop or hyper activity of MDM2 lead to 

additional inactivation of p53, which obliterate the cell 

cycle checkpoint control and cell become 

carcinogenic.13,14 MDM2 also induce carcinogenesis by 

directly bind to pRB result in availability of free EF2 

which promote cell cycle progression.15,16 As a negative 

regulator of p53 and pRB pathway, MDM2 known as a 

‘master of regulator gene’.17 

Thus it is clear that over expression of MDM2 lead 

to tumor development by inactivation of p53 pathway. 

There are so many factors which affect MDM2 level; 

one of these is a polymorphism in intronic promoter P2 

region of MDM2 at position 309 (SNP309 T>G; 

rs2279744). This SNP accentuates binding affinity of 

transcription activator specific protein 1(sp1), result in 

over expression of MDM2 and subsequently attenuation 
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of p53 pathway18 associate with susceptibility of certain 

type of cancers like bladder,19 head and neck,20 

hepatocellular,21 oral,22 pancreas,23 lung24 and 

endometrial.25 The MDM2 SNP309 G-allele correlated 

with younger age at tumor diagnosis in patients with Li-

Fraumeni syndrome26 and sporadic soft tissue 

sarcomas.27 Large numbers of studies presented on this 

polymorphism but results were inconsistent for 

increased cancer risk and early diagnosis of cancer 

among different tumor types and ethnic group.28,29 

Since EOC is an estrogen linked it is essential to assess 

the relationship of serum estrogen level with the 

MDM2 polymorphism.30 Based on above framework, 

we planned a hospital-based case-control study to find 

effect of MDM2 SNP309 T>G polymorphism with 

serum estrogen level, genetic susceptibility and 

clinicopathological features of EOC and its interaction 

with TP53 72Arg>Pro polymorphism. 

 

Materials and Methods 
Study Population: A hospital based case-control study 

was carried out in department of biochemistry and 

obstetrics and gynecology at Maulana Azad medical 

college and associated hospital, New Delhi. Eighty 

EOC cases and eighty age matched healthy controls 

were included in pilot study. Adjustment of cigarette 

smoking,31 alcohol consumption32 and BRCA gene 

mutation33 were done in all subjects of study. The study 

groups were undergone detailed history and clinical 

examination. International federation of gynecology 

and obstetrics surgical staging system (FIGO) staging 

of cancer was used for staging. Blood sampling and 

Evaluation of patients and blood sampling was done at 

the time of admission in hospital. All subjects were 

undergone written informed consent process. Study was 

approved by institutional ethical committee of Maulana 

Azad medical college, New Delhi.  

 

Selection Criteria of Patients 

Inclusion Criteria: Newly diagnosed, untreated cases 

and histopathologically confirmed cases of EOC were 

selected for study.  

Exclusion Criteria: Patients with a history of previous 

cancer or metastasized cancer from any other organs 

were excluded from this study. 

Sample Collection: Total 5 ml of peripheral blood was 

collected in EDTA tube and plain tube after confirmed 

diagnosis. Whole blood in EDTA tube was used for 

genotyping. Plain tube was centrifuged at 2000 rpm for 

20 minutes to separate serum and serum was used to 

estimate estrogen level. Blood samples were also 

collected from healthy female volunteers as controls. 

Serum Estrogen Measurement: The serum estrogen 

was measured by electrochemiluminescence 

immunoassay method using elecsys E2 kit modified to 

ELECSYS 2010 (Roche diagnostics). 

DNA Extraction: DNAsure® blood mini kit (Genetix, 

India) was used to separate DNA from blood sample. It 

was done according to manufacturer’s instruction. 

Genotyping of MDM2 SNP309 T>G Polymorphism: 

MDM2 SNP309 T>G genotypes were analyzed using 

ASO-PCR. Primer used for SNP309 T allele were F, 5′-

GGATTT CGGACGGCTCTC-3′ and R, 

5’TCCGGACCTCCCGCGCCGA-3’, which produce 

121 bp fragment. Primer used for SNP309 G allele were 

F, 5’-GTTTTGTTGGACTGGGGCTA-3’ and R, 5’-

ATCCGGACCTCCCGCGCCGC-3’, which produce 

168 bp fragment. The amplification was carried out in 

total 25 ul reaction mixture. Composition of reaction 

mixture are as follows: 0.25 ul of 25 pmol each primer, 

2.5 ul 10 mM dNTPs, 5 ul of 20 ng template DNA, 0.3 

ul of 5 U/ul Taq polymerase with 2.5 ul of 10X Taq 

Buffer, 1.5 ul of 20 mM MgCl2. The amplification 

conditions were as follows: Initial denaturation at 95°C 

for 5 min; 35 annealing cycles at 95°C for 45s, 60°C for 

30s and 72°C for 30s, extension step at 72°C for 5 min. 

PCR products were visualized on ethidium bromide 

stained 2% agarose gel.(Fig. 1) To know specificity of 

genotyping, fifteen samples were selected for repeated 

genotype assay. Results of repeated assay were100% 

matched with previous assay. 

 

Statistical Analysis 

SPSS software version 16.0 was used for statistical 

analysis. Distribution of genotype and 

clinicopathological features were done by fisher exact/ 

Chi-square test. Comparison of mean was done by one-

way ANOVA and Student’s independent T test. Odd 

ratio and 95% CIs were used to find association 

between polymorphism and occurrence of EOC. Chi-

square hardy-weinberg equilibrium test was used for 

evaluating allele frequencies.34 A more than additive 

interaction in logistic regression model35 was used to 

find interaction between gene. P-value < 0.05 was 

considered statistically significant. 

 

Results 
Baseline Characteristics of Subjects: EOC patients 

were categorized in two groups > 40 years (62.5%) and 

≤ 40 years (37.5%), to find out effect of polymorphism 

on beginning of sporadic ovarian cancer.36 Cases were 

further categorized in to FIGO staging, 

histopathologically types and grades. Most of cases had 

stage III (50%) followed by stage IV (25%), stage I 

(12.5%), stage II (12.5%). Most of cases had mucinous 

(50%) followed by serous (42.5%), endometroid 

(3.75%) and clear cell adenocarcinoma (3.75%). Most 

of cases had moderately differentiated (65%) followed 

by well differentiated (25%), poorly differentiated 

(10%) grading. There were no three or two diagnosis of 

ovarian/breast cancer in family of EOC cases.36 

MDM2 SNP309 T>G Genotype Distribution: A 

significant different of genotype were found between 

cases and controls (P < 0.001). Proportion of MDM2 
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SNP309 T>G polymorphic forms were TT, 30%; TG, 

38.75%; GG, 31.25% in cases and TT, 27.5%; TG, 

62.5%; GG, 10% in controls. (Table 1)  

 

 

Table 1: Distribution of MDM2 SNP309 T>G genotypes in cases and controls 

MDM2 SNP309 

T>G Genotype 

TT 

n/(%) 

TG 

n/(%) 

GG 

n/(%) 

T allele 

frequency 

G allele 

frequency 

Cases 24(30) 31(38.75) 25(31.25) 0.493 0.507 

Controls 22(27.5) 50(62.5) 08(10) 0.587 0.413 

Chi-Square:13.30, df:2, P < 0.001 

 

Above result showed that TG genotype more 

frequent in cases and controls. When we take a TT 

allele as a reference, odds ratio of TG vs. TT was 

0.56(0.27-1.18) and GG vs. TT was 2.86(1.07-7.66). It  

 

showed that those patients expressed MDM2 GG allele 

had increased risk of EOC compared with those 

expressed MDM2 TT and TG allele. (Table 2) 

 

 

Table 2: Odd ratio of MDM2 SNP309 T>G among cases and controls 

Genotype MDM2 

SNP309 T>G 

Cases 

n (%) 

Controls 

n (%) 

OR 

(95% CI) 

p-value 

TT 24(30) 22(27.5) 1(ref)  

TG 31(38.75) 50(62.5) 0.56(0.27-1.18) 0.12 

GG 25(31.25) 8(10) 2.86(1.07-7.66) 0.03 

TG + GG 56(70) 58(72.5) 0.88(0.44-1.75) 0.7 

*OR and 95%CI were calculated by unconditional logistic regression 

 

Serum Estrogen Level in Different Genotype of 

MDM2 SNP309: Serum estrogen was significantly 

higher in EOC patients as compared to controls and 

also higher in reproductive age group as compared to 

post-menopausal group. (Table 3) Serum estrogen level  

 

 

was higher in those patients who expressed GG allele as 

compared to TG and TT allele in reproductive and post 

menopausal group in EOC patients. But it was 

significant high only in reproductive age group of EOC 

patients. (Table 4) 

 

Table 3: Mean serum estrogen level in cases and controls according to menopausal status 

Serum estrogen level 

(Mean ± SD) pg/ml 

Cases 

n =80 

Controls 

n =80 

P value* 

 

Reproductive age group 42.90 ±6.20 20.50 ±5.72 <0.05 

Post menopausal group 30 ±5.90 15.76 ±4.32 <0.05 

*Student's unpaired t–test 

 

Table 4: Mean serum estrogen in different genotype of MDM2 SNP309 T>G polymorphism in EOC 

Serum Estrogen level 

(Mean ± SD) pg/ml 

TT 

 

TG GG P value* 

Reproductive age group 39.38±5.56 44.02±3.67 45.62±4.72 < 0.05 

Post menopausal group 27.93±2.22 29.83±1.80 28.53±4.20 0.1 

*One-way ANOVA test 

 

Association MDM2 SNP309 T>G Polymorphism 

with Clinicopathological Features in EOC: Among 

ovarian cancer patients, the mean age of onset of cancer 

for TT, TG and GG genotypes of MDM2 SNP309 were 

48(range 26-80), 43(range 20-60) and 36.25(range 21-

55) years old respectively. In ≤ 40 years, group GG 

genotype and in > 40 years, TT genotype was found to 

be more prevalent (53.3% and 56% respectively). A 

significant association was found between early age 

onset of EOC and MDM2 SNP309 T>G polymorphism. 

So above result showed that GG genotype was 

associated with early onset of EOC compared to TG 

and TT genotype. (Table 5)  

FIGO staging, histopathological types and grade had no 

association with MDM2 SNP309 T>G polymorphism 

in EOC. (Table 5) 
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Table 5: Association between MDM2 SNP309 T>G polymorphism with clinicopathological features in EOC 

Variants TT 

n (%) 

TG 

n (%) 

GG 

n (%) 

T allele G allele Fisher 

Exact/ Chi- 

Square  

df p-

value 

Age 

≤40 years 8(26.7) 6(20) 16(53.3) 0.36 0.64 12.77 2 0.001 

> 40 years 28(56.0) 14(28.0) 8(16.0) 0.70 0.30    

Menopausal Status 

Reproductive age 10(31.3) 7(21.8) 15(46.9) 0.42 0.58 8.89 2 0.01 

Menopausal 27(56.3) 13(27.0) 8(16.7) 0.69 0.31    

Stage 

 Early(I & II) 5(25.0) 5(25.0) 10(50.0) 0.37 0.63 5.14 2 0.07 

 Late(II & IV) 30(50.0) 15(25.0) 15(25.0) 0.63 0.37    

Histopathology 

Mucinous 15(37.5) 11(27.5) 14(35.0) 0.51 0.48 0.37 6 0.99 

Serous 13(38.2) 11(32.4) 10(29.4) 0.58 0.42    

Endometroid 1(33.3) 1(33.4) 1(33.3) 0.50 0.50    

Clear Cell 1(33.3) 1(33.4) 1(33.3) 0.50 0.50    

Grade 

Well Differentiated 10(50.0) 7(35.0) 3(15) 0.67 0.33 6.32 4 0.27 

Moderately differentiated 18(34.6) 13(25.0) 21(40.4) 0.47 0.53    

Poorly Differentiated 5(62.5) 2(25) 1(12.5) 0.75 0.25    

 

MDM2 SNP309 T>G and TP53 Arg72Pro 

Polymorphism Interaction: We further analyzed 

whether there is an interaction between MDM2 

SNP309 T>G and TP53 Arg72Pro polymorphism in 

risk of development of EOC. The data showed that 

patients who expressed the MDM2 GG genotype were 

also more likely to carry the TP53codon 72Pro/Pro 

genotype than controls compared to TT and TG 

genotype (11.3% Vs 2.5%, P=0.04). The presence of 

one MDM2 SNP309 GG genotype, but not one TP53  

 

codon 72 Pro/Pro genotype, were associated with an 

increased risk of EOC (OR=2.86, CI=1.07-7.66), 

compared to the lack of such genotype. However, the 

presence of both MDM2 SNP309 GG and TP53 

72Pro/Pro genotypes was found to increased risk of 

EOC (OR= 8.2, C1= 1.32-51.26, P=0.04) compared to 

those who lacked both genotypes. It indicates more than 

additive interaction between the MDM2 SNP309 GG 

and TP53 codon 72Pro/Pro genotype. (Table 6)  

 

 

Table 6: Interaction between MDM2 SNP309 T>G and TP53 Arg72Pro polymorphisms in EOC 

Genotype 
Cases 

n (%) 

Controls 

n (%) 

OR* 

(95% CI) 

P value 

MDM2 SNP309 

T>G 
TP53 Arg72Pro 

 

TT Arg/Arg 6(7.5) 11(13.7) 1 (ref.)  

Arg/Pro 15(18.7) 9(11.3) 3.0(0.83-11.13) 0.16 

Pro/Pro 3(3.8) 2(2.5) 2.7(0.35-21.13) 0.63 

TG Arg/Arg 13(16.3) 36(45.0) 0.6(0.20-2.15) 0.70 

Arg/Pro 15(18.7) 12(15.0) 2.2(0.64-8.44) 0.31 

Pro/Pro 3(3.75) 2(2.5) 2.7(0.35-21.30) 0.63 

GG Arg/Arg 6(7.4) 2(2.5) 5.5(0.83-36.19) 0.15 

Arg/Pro 10(12.5) 4(5.0) 4.5(0.99-21.11) 0.10 

Pro/Pro 9(11.3) 2(2.5) 8.2(1.32-51.26) 0.04 

*Data analyzed by unconditional logistic regression. 

 

Discussion 
We aimed at studying the occurrence of MDM2 

SNP309 T>G gene polymorphism in introns 1 in cases 

of EOC and compared with normal healthy controls as 

a pilot study in Indian population. In our study, the odds 

ratio for GG vs.TT genotype in ovarian cancer was 2.86 

(1.07-7.66), which was significant. 

 

 

We found a high GG frequency (53.3%) in women 

diagnosed at ≤ 40 years and a much lower frequency 

(16%) in women diagnosed at years of age > 40 years. 

Early age onset (36.25 years) of EOC was fond in GG 

genotype compared to TG and TT genotype (43 and 48 

years respectively). This observation is similar to study 

performed by Bartel et al.37 They reported that an 8.5-
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year earlier diagnosis in GG and TG as compared to TT 

carriers in ovarian cancer patients.  

MDM2 SNP309 GG genotype was associate with 

early age of onset of EOC which may be due to active 

estrogen signaling in premenopausal EOC women 

(Serum Estrogen =45.62±4.72) result in MDM2 

overexpression. Thus more active estrogen signaling in 

premenopausal as compared to postmenopausal EOC 

women (Serum Estrogen =28.53±4.20) may be a crucial 

factor to initiate MDM2 mediated tumorigenesis 

process in premenopausal women. 

Our result is biologically acceptable and supports 

the previously reported observation.38,39 We 

hypothesize that the homozygous GG variant of MDM2 

SNP309 weakens wild-type p53 activity by increasing 

MDM2 levels. Estrogen signaling also determines level 

of MDM2 because of closeness of estrogen binding site 

to SNP309 in MDM2 promoter region. MDM2 SNP309 

G allele along with high estrogen further increase 

MDM2 expression in EOC. It may be due to direct 

interaction of transcription factor sp1 with estrogen 

receptor in MDM2 promoter region. So high serum 

estrogen level in GG genotype associated with 

increased risk of ovarian cancer.38 

MDM2 over expression or amplification of MDM2 

has been frequently observed in many human cancer 

types, including ovarian cancer. Two recent reports 

have demonstrated that the G-allele of SNP309 and 

somatic p53 mutations are associated with an earlier 

age of onset of ovarian cancer patients.37,39 

MDM2 not only interact with p53, but it also 

interacts with other tumor suppression protein like Rb,15 

p7340 and p14/p1941 which might be contributing factor 

for carcinogenesis. This polymorphic site located near 

to element believed to direct the intronic TP53-response 

promoter activity of the gene, lead to increased levels of 

MDM2 RNA and protein in an in vitro functional assay. 

Higher promoter activity of MDM2 SNP309 GG 

variant increases the binding affinity of sp1 to the 

promoter region of MDM2.42 So GG variant express 

more MDM2 as compared to TT and TG genotype, 

result in more attenuation of p53 tumor suppression 

response and to end with carcinogenesis. Thus 

individuals with GG genotype may be a more 

susceptible to develop EOC. We found more than 

additive gene-gene interaction between MDM2 

SNP309 GG and TP53 72Pro/Pro genotype for risk of 

developing Ovarian Cancer. 

 

 

 
Fig. 1: Agarose gel electrophoresis band pattern of MDM2 SNP309 T and G allele after ASO-PCR (Lane: P1, 

P4, P6-positive for T allele and P5- positive for G allele) 

 

Limitation 

We performed pilot study on smaller sample size. 

Study should involve larger sample size to validate the 

results. 

 

Conclusion 
MDM2 SNP309 T>G promoter polymorphism in 

association with the higher serum estrogen levels is 

associated with potential genetic susceptibility and 

early age onset of EOC in north Indian population. 

Interaction between MDM2 SNP309 T>G and TP53 

Arg72Pro was more than additive in developing EOC. 
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