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Abstract. A single nucleotide polymorphism (SNP309) of 
MDM2 causes elevated MDM2 levels and an attenuation of 
p53 function. The aim of the present study was to examine the 
clinical relevance of the MDM2 SNP309 in ovarian cancer.
MDM2 SNP309 genotype was analyzed in 198 patients with 
primary ovarian cancer. MDM2 expression was investigated 
using immunohistochemistry. A functional yeast-based assay 
and subsequent sequencing were performed to determine p53 
mutational status. Of the patients, 44.4% (88 of 198) exhibited 
the common variant (T/T), 40.9% (81 of 198) the heterozygous 
variant (T/G) and 14.7% (29 of 198) the homozygous variant 
(G/G) MDM2 SNP309 genotype. MDM2 SNP309 was not 
associated with p53 mutational status, MDM2 expression, 
clinicopathological parameters or prognosis. In patients with 
the T allele (T/T and T/G genotype), p53 wild type carcinomas 
were associated with significantly improved recurrence-free 
(p<0.001) and overall survival (p<0.001) as compared to p53 
mutant carcinomas. In contrast, p53 mutational status did 
not possess prognostic relevance in G/G carriers. A possible 
functional impairment of the p53 pathway caused by the G/G 
genotype of the MDM2 SNP309 may modify the association 
between p53 mutational status and prognosis in ovarian cancer.

Introduction

MDM2 (mouse double minute 2 homolog) is a crucial negative 
regulator of the tumor suppressor p53. MDM2 directly binds 

to the N -terminus of p53, thereby inhibiting its transcriptional 
activation function. In addition, MDM2 possesses E3 ubiquitin 
ligase activity that targets p53 for modification and subsequent 
degradation through the 26S proteasome (1).

A single nucleotide polymorphism (SNP309, T→G; 
rs2279744) located in the MDM2 intronic promoter enhances 
the DNA-binding affinity of the transcriptional activator Sp1. 
This results in elevated MDM2 levels and consequently, an 
attenuation of the p53 pathway (2). The initial observation in 
Li-Fraumeni patients that the G-allele was associated with 
more malignancies than was the common genotype, suggested 
that the MDM2 SNP309 impacts cancer susceptibility. This 
hypothesis was recently supported by a study in mice without 
germ-line p53 mutations, demonstrating that the G/G genotype 
correlated with an increased cancer risk and altered tumor 
spectrum as compared to the common genotype (3). However, 
case-control studies that aimed to link the MDM2 SNP309 
to the formation of sporadic solid tumors have reported 
inconsistent results. In meta-analyses, the G/G genotype was 
associated with an increased risk for lung, endometrial, and 
hepatocellular carcinomas, but not for breast or colorectal 
carcinomas (4-6).

In addition, the G-allele correlated with younger age 
at tumor diagnosis in patients with Li-Fraumeni syndrome 
and sporadic soft tissue sarcomas (2). Subsequent studies 
confirmed accelerated formation of distinct types of sporadic 
solid tumors, such as oral (7), head and neck (8), pancreas (9), 
hepatitis-B associated hepatocellular (10), and bladder carci-
nomas (11). BRCA1/2 associated breast cancer was diagnosed 
at an earlier age in Jewish-Ashkenazi but not in Caucasian 
women (12-14). Interestingly, the prevalence of the G/G geno-
type significantly varies with respect to ethnicity and was 24% 
in healthy Jewish-Ashkenazi as opposed to 12% in Caucasian 
women (2).

The prognostic value of the MDM2 SNP309 has been 
evaluated in distinct types of solid tumors. It has constituted 
an independent prognostic factor in breast (15), lung (16), oral 
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squamous (17), gastric (18), and renal carcinomas (19). The 
aim of the present study was to examine the clinical relevance 
of the MDM2 SNP309 in patients with ovarian cancer.

Materials and methods

Patients and tissue samples. Between 1990 and 2004, 
198 patients diagnosed with primary ovarian cancer at the 
Departments of Gynecology and Obstetrics in Innsbruck 
(n=137), Vienna (n=31), and Berlin (n=30) were enrolled. 
Clinicopathological features and follow-up data were obtained 
by retrospective chart review (Table I). This study was 
approved by the Ethics Committee (project No. UN3507).

DNA extraction. For MDM2 SNP309 analysis, DNA was 
isolated from paraffin-embedded normal tissue using the 
QIAamp DNA FFPE Tissue kit (Qiagen, Hilden, Germany) 
according to the manufacturer's instructions. DNA concentra-
tion was measured by spectrophotometer at 260 nm, and DNA 
purity was determined by the A260/A280 ratio.

Genotyping by pyrosequencing. The SNP309 (rs2279744) 
was determined by pyrosequencing. The primer pair 
MDM2_309-SE (5'-GGG GGT GGT TCG GAG GTC T-3') 
and MDM2_309AS (5'-AGT GAC CCG ACA GGC ACC 
T-3') was used to amplify a 115 bp fragment of the MDM2 
gene (HSU49725). The antisense primer was biotinylated. 
PCR was performed in a total volume of 25 µl including 
25 ng total DNA, 5 pmol of sense and antisense primers and 
12.5 µl JumpStart REDTaq ReadyMix Reaction mix (Sigma, 
St. Louis, MO, USA), which contains 20 mM Tris-HCl, pH 8.3, 
100 mM KCl, 4 mM MgCl2, 0.002% gelatin, 0.4 mM each 
dNTP, inert dye, stabilizers, 0.06 U/µl Taq DNA polymerase 
and JumpStart Taq antibody. The reaction was performed on 
a Perkin-Elmer GeneAmp PCR system 9600 with 38 cycles at 
94˚C for 30 sec, at 58˚C for 30 sec and 72˚C for 30 sec. The 
reaction was preceded by a primary denaturation step at 94˚C 
for 5 min and incubation at 72˚C for 7 min.

Polymorphisms were detected using the Pyrosequencer 
PSQ 96 and PSQ 96 SNP Reagent kit; 25 µl PCR product 
was used for pyrosequencing according to the manufacturer's 
instructions, and 5 pmol of the sequencing primer (5'-GGG 
CTG CGG GGC CGC T-3') were applied to detect the poly-
morphisms.

Immunohistochemistry. Immunohistochemistry was performed 
using the UltraView Universal DAB Detection kit (Ventana, 
Tucson, AZ, USA) on a Ventana BenchMark automated slide-
staining system. Antigen-retrieval was performed with the 
Cell Conditioning Solution 1 (Ventana), pH 8.6 (90 min). The 
primary MDM2 antibody (Santa Cruz Biotechnology, Santa 
Cruz, CA, USA) was incubated for 2 h at 37˚C. Counterstaining 
was performed with Nexes hematoxylin, followed by Nexes 
Bluing Reagent (Ventana). Negative controls were obtained by 
omitting the primary antibody. All slides were evaluated in 
a blind manner. Cells were classified as positive for MDM2 
when the cytoplasm or nucleus or both were stained in more 
than 10% of tumor cells. For further statistical analyses, 
MDM2 expression scores were divided into two groups, posi-
tive and negative.

p53 mutational analysis. To detect inactivating mutations in 
the p53 gene, a functional yeast-based assay and subsequent 
sequencing were performed as previously described (20).

Statistical analysis. The χ2 test was used for pairwise exami-
nation of the relationships between MDM2 SNP309, p53 
mutational status, and clinicopathological parameters.

Survival probabilities were calculated with the product 
limit method of Kaplan and Meier, together with the log-rank 
test. The Cox proportional hazards model was used for multi-
variate analysis to assess the independent effect of different 
prognostic factors. The Statistical Package for the Social 
Sciences for Windows 18.0 software (SPSS, Inc., Chicago, IL, 
USA) was used for all analyses. Differences were considered 
statistically significant when p<0.05.

Results

Of the patients, 44.4% (88 of 198) exhibited the common (T/T), 
40.9% (81 of 198) the heterozygous variant (T/G), and 14.7% 
(29 of 198) the homozygous variant (G/G) MDM2 SNP309 
genotype. Genotype frequencies were consistent with those 
predicted by the Hardy-Weinberg equilibrium. Of the primary 
ovarian cancer specimens, 68.7% (136 of 198) harbored mutant 
p53 and 31.3% (62 of 198) wild-type p53.

The MDM2 SNP309 was not associated with the p53 
mutational status or clinicopathological parameters (age, 
FIGO stage, grading, histological subtype or residual tumor 
after primary surgery).

Table I. Clinicopathological parameters in the examined 198 
patients with primary ovarian cancer.

Characteristics n

Age at diagnosis, median (range) 61 years (24-88)
FIGO stage
  I 37
  II 11
  III 122
  IV 28
Histological subtype
  Serous 98
  Endometrioid 34
  Mucinous 50
  Other 16
Gradinga

  I 8
  II 99
  III 89
Residual diseasea

  No residual disease 80
  Residual disease ≤2 cm 52
  Residual disease >2 cm 47

aDue to missing information on residual disease, numbers do not add 
up to 198 patients
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To investigate the effect of the MDM2 SNP309 on MDM2 
protein expression, immunohistochemistry for MDM2 was 
performed in available cancer specimens (n=165, Fig. 1). 
Positive staining for MDM2 was detected in 16.2% (12 of 74) 
of T/T, 21.5% (14 of 65) of T/G, and 26.9% (7 of 26) of G/G 
MDM2 SNP309 genotype carriers (p=0.464).

In the entire group of ovarian cancer patients, p53 muta-
tional status constituted a significant prognostic marker. 
Patients with p53 wild-type carcinomas showed a significantly 
improved recurrence-free (127.5 vs. 68.7 months, p<0.001) and 
overall survival (135.2 vs. 80.4 months, p<0.001) in comparison 
to patients with p53 mutant carcinomas.

In patients with the T-allele (T/T and T/G genotype), p53 
wild-type carcinomas were associated with significantly 

improved recurrence-free and overall survival as compared 
to p53 mutant carcinomas (p53 wild-type vs. p53 mutant; 
recurrence-free survival 144.7 vs. 76.7 months, p<0.001; overall 
survival 129.3 vs. 66.4 months, p<0.001) (Fig. 2). In contrast, 
p53 mutational status did not possess prognostic relevance in 
G/G carriers (p53 wild-type vs. p53 mutant; recurrence-free 
survival 93.5 vs. 68.7 months, p=0.486; overall survival 81.9 vs. 
90.1 months, p=0.787) (Fig. 2).

In multivariate analyses considering age, FIGO stage, 
grading, and residual tumor after primary surgery, p53 muta-
tional status remained a significant prognosticator for overall 
(hazard ratio, 1.888; 95% confidence interval, 1.1-3.241; 
p=0.021), but not for recurrence-free survival (hazard ratio, 
1.672; 95% confidence interval, 0.961-2.91; p=0.069) in patients 

Figure 1. MDM2 protein expression in ovarian cancer specimens. (A) Representative immunostaining confined to the nucleus and (B) localized in the nucleus 
and the cytoplasm of tumor cells. 

Figure 2. In patients with the T-allele (T/T and T/G genotype), p53 wild-type carcinomas were associated with significantly improved recurrence-free (A) and 
overall survival (B) as compared to p53 mutant carcinomas. In contrast, the p53 mutational status did not possess prognostic relevance in G/G carriers (C,D).
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with the T-allele (T/T and T/G genotype). In the entire group 
of ovarian cancer patients the significance of p53 mutational 
status for prognosis was lost in multivariate analyses.

MDM2 SNP309 (T/T vs. T/G vs. G/G) and MDM2 protein 
expression (positive vs. negative) did not influence prognosis 
in the examined 198 patients with primary ovarian cancer.

Discussion

In the present study the MDM2 SNP309 itself was not of 
prognostic value, but modified the prognostic relevance of the 
p53 mutational status in patients with ovarian cancer. Only in 
patients with the T/G and T/T genotype, but not in G/G carriers, 
did p53 wild-type carcinomas show a significantly improved 
prognosis as compared to p53 mutant carcinomas. We hypothe-
size that the homozygous variant MDM2 SNP309 genotype 
weakens wild-type p53 activity by increasing MDM2 levels. 
Few previous studies have performed combined analyses of the 
MDM2 SNP309 and p53. As in our study, p53 mutational status 
was seen to be associated with survival in breast cancer patients 
harboring the T/T, but not the T/G and G/G genotype (21).

The prevalence of the homozygous SNP309 variant geno-
type in our cohort is in line with previous studies in Caucasian 
patients with ovarian cancer that reported frequencies of 
7.8-17.2% (22-24) and does not significantly differ from the 
12% prevalence observed in healthy Caucasians (2). Also, 
the MDM2 SNP309 has not been linked with ovarian cancer 
susceptibility of Caucasian women in two case-control studies 
(22,25). In contrast, the presence of at least one G-allele 
significantly decreased the risk for ovarian cancer in Chinese 
women (26). Interestingly, the prevalence of the G/G genotype 
significantly varies with respect to ethnicity and was 31% in 
healthy Chinese women.

In accordance with two previous studies of ovarian cancer 
(22,23), the G-allele was not associated with younger age at 
diagnosis in the examined ovarian cancer cases. Bartel et al 
reported an 8.5-year earlier diagnosis in G/G and T/G as 
compared to T/T carriers in patients with FIGO III ovarian 
carcinomas with high estrogen receptor (ER) expression 
(24). Bond et al hypothesized that the G-allele of the MDM2 
SNP309 may require an active estrogen-signaling pathway 
in the tumor to accelerate carcinogenesis (27). The estrogen 
binding site lies in the direct vicinity to the SNP309 on the 
MDM2 promoter. The G-allele of the SNP309 increases the 
affinity of the transcriptional factor Sp1, which also is a well-
known co-transcriptional activator of the ER. The present 
study, however, did not determine ER status.

The MDM2 SNP309 did not constitute a prognostic marker 
in the examined ovarian cancer cases. Previous studies of 
ovarian cancer have reported inconsistent results. Galic et al 
did not find a prognostic relevance of the MDM2 SNP309 in 
150 patients with ovarian cancer (23). Bartel et al observed 
improved overall survival of patients with FIGO III carcinomas 
displaying a G-allele compared to the T/T genotype (24).

While the percentage of positive MDM2 staining was 
higher in G/G as compared to T/G and T/T carriers, this differ-
ence did not reach statistical significance. Our finding is in 
accordance with a previous study of gynecologic carcinomas 
showing no significant correlation between MDM2 SNP309 
and MDM2 protein levels (28). In a small study of renal 

cancer, however, MDM2 expression was detected significantly 
more often in G/G (5 of 10) than in T/T (2 of 15) carriers 
(19). MDM2 protein levels are not only related to the MDM2 
SNP309 but also to various upstream signaling pathways. For 
instance, Ras and ERK as well as TGFβ have been shown to 
regulate MDM2 expression (2).

The rate of MDM2 protein expression lies well within 
the previously reported 9-42%. Again, the prognostic value 
of MDM2 expression in ovarian cancer is controversial. Two 
studies found no prognostic relevance of MDM2 expression 
in ovarian cancer (29,30), whereas Dogan et al reported a 
significantly impaired overall survival in MDM2 positive as 
compared to MDM2 negative ovarian carcinomas (31).

In conclusion, we hypothesize that the G/G genotype of the 
MDM2 SNP309 may cause a functional impairment of the p53 
pathway, thereby modifying the association between the p53 
mutational status and prognosis in ovarian cancer.
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