
Abstract. Background/Aim: The aim of this study was to
evaluate the relationship between MDM2 T309G polymorphism
and prostate cancer risk in the Slovak population and the
association of this polymorphism with MDM2 expression and
clinicopathological features. Materials and Methods: The
MDM2 T309G polymorphism was determined by polymerase
chain reaction-restriction fragment length polymorphism (PCR-
RFLP) analysis in 506 prostate cancer patients and 592
controls. Quantitative real-time (RT)-PCR and western blot
analysis were applied to examine MDM2 expression in 47
prostate cancer tissues and 43 benign prostatic hyperplasia
(BPH) tissues. Results: A decreased risk of prostate cancer in
men carrying the GG genotype in comparison with the TT
genotype was found. A decrease in the relative MDM2 mRNA
and protein levels was found in prostate cancer tissues among
patients with the MDM2 GG genotype. Conclusion: There is a
potentially protective effect of the MDM2 GG genotype on the
risk of prostate cancer in the Slovak male population.

Prostate cancer is the most commonly diagnosed urological
cancer in men; it is the second most common cancer in men

worldwide with increasing prevalence (1). The most
consistently observed risk factors associated with prostate
cancer are age, family history, race and genetic predispo-
sition (2, 3). 

MDM2 protein (murine double minute 2, also known as
HDM2) negatively regulates the p53 mediated transcriptional
transactivation. It is an oncoprotein that escorts p53 from the
cell nucleus to the cytoplasm and can mono- or poly-
ubiquitinate it depending on the level of MDM2 activity (4,
5). High levels of MDM2 activity promote the
polyubiquitination and degradation of p53, whereas low
levels of MDM2 activity induce the mono-ubiquitination and
nuclear exportation of p53 (6). P53 positively regulates
MDM2 expression, thus forming a negative auto-regulatory
feedback loop (7).

The human MDM2 gene is located on chromosome
12q14.3-q15, with a genomic length of 34 kb, and its protein
is 491 amino acids in length. MDM2 contains several
conserved functional domains, such as an N-terminal p53-
binding domain, a bipartite nuclear localization sequence, a
nuclear export sequence, an acidic domain, and a C-terminus
containing the RING finger domain (8). The MDM2
promoter region contains several polymorphisms, some of
which have been associated with MDM2 expression and
cancer risk. Analysis of the sequence of the MDM2 gene has
revealed the presence of a polymorphism located within the
second MDM2 promoter-enhancer region. This
polymorphism, a T to G change at position 309 of intron 1,
has been found to create a Sp1 transcription-factor-binding
site and to result to increased expression of MDM2 together
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with an attenuation of the p53 pathway in cells stressed with
DNA-damaging agents (9, 10). 

For the past few years, the relationship between the MDM2
T309G polymorphism and prostate cancer risk has been
investigated in several studies in multiple populations (11-13);
however, this relationship remains unclear. To date, no study
has reported the effect of the MDM2 T309G polymorphism on
MDM2 mRNA and protein levels in prostate cancer. In the
current case–control study, we aimed to genotype MDM2
T309G and evaluate its association with prostate cancer risk in
the Slovak population. We further evaluated the association of
MDM2 T309G with MDM2 expression and clinicopathological
features in prostate cancer patients.

Materials and Methods

Study population. The study population consisted of a total of 1,098
subjects, which included 506 prostate cancer patients and 592
control subjects from the Department of Urology of University
Hospital in Martin and the Jessenius Faculty of Medicine in Martin,
Comenius University. Prostate cancer patients and controls were
registered from May 2005 to May 2019, and all were Caucasians.
Prostate cancer patients were diagnosed histologically on the basis
of specimens obtained from prostate needle biopsy or transurethral
resection of the prostate. Patients older than 50 years without a
cancer diagnosis and with PSA values lower than 4 ng/ml were
randomly assigned to the control group. Clinical information was
abstracted from the medical records of the patients. The clinical
characteristics of the subjects are summarized in Table I. 

In total, 47 tissue samples from prostate cancer patients and 43
tissue samples from patients with BPH were collected during
routine surgery and stored in mRNA stabilizing solution
(RNAlater®; Applied Biosystems/Ambion, Foster City, CA, USA)
at –80˚C until processed. All tissues were used for protein and total
RNA isolation. The study was approved by the Ethical Boards of
the Jessenius Faculty of Medicine in Martin, Comenius University,
and written informed consent was obtained from all individuals
prior to their inclusion in the study.

MDM2 T309G (rs2279744) genotyping. Genomic DNA from all
subjects was isolated from whole blood by using the Wizard®
Genomic DNA Purification Kit (Promega, Madison, WI, USA) and
stored at -20˚C until used.

Genotypes of the MDM2 T309G (rs2279744) polymorphism were
determined by PCR-RFLP assay (14). Briefly, the amplification
reactions were carried out in a 25-μl volume consisting of 1 μmol/l
of each of the forward and reverse primer (forward 5’-CGCGGGAG
TTCAGGGTAAAG-3’ and reverse 5’-AGCTGGAGACAAGTCAG
GAC-TTAAC-3’), 12.5 μl OneTaq® Quick-Load® 2X Master Mix
with Standard Buffer (New England Biolabs, Ipswich, MA, USA),
and 1 μl genomic DNA. The cycling conditions were 94˚C for 4 min,
followed by 27 cycles at 94˚C for 30 s, 62˚C for 30 s, and 72˚C for
30 s, with a final cycle at 72˚C for 7 min. A 10 μl aliquot of the
appropriate PCR product was digested with 10U of the restriction
enzyme MspA1I (New England Biolabs) at 37˚C for 16 h and
separated on ethidium-bromide-stained 3% agarose gel. The G allele
produced a 189-bp and 48-bp pattern, whereas the T allele was
undigested and produced a 237-bp fragment. 

Quantitative real-time PCR. Total RNA was isolated from prostate
cancer/BPH tissue by using the AllPrep DNA/RNA/miRNA Universal
Kit (Qiagen GmbH, Hilden, Germany) according the manufacturer’s
recommendations. The amount of extracted RNA was quantified with
a Nanophotometer (Implen GmbH, München, Germany). First-strand
cDNAs were synthesized from total RNA (1 μg) by using the RT2
First Strand Kit (Qiagen GmbH) according to the manufacturer’s
protocol.

Quantitative PCR was performed on a Viia7 Real Time PCR
System (Thermo Fisher Scientific, Waltham, MA, USA) according to
the following temperature profile: 50˚C for 2 min, 95˚C for 10 min
followed by an amplification composed of 40 cycles of 95˚C for 15
s and 60˚C for 1 min. The primer sequences used in this study were
as follows: β-actin (housekeeping gene): 5’-GGCGGCACCACCATG
TACCCT-3’, and 5’-AGGGGCCGGACTCGTCATACT-3’; MDM2:
5’-TGTAAGTGAACATTCAGG TG-3’, and 5’-TTCCAATAGTCA
GCTAAGGA-3’ (15). The reaction was performed in a final volume
of 20 μL with IQ™ SYBR Green Supemix Master Mix (BioRad
Laboratories, Inc.), 0.5 μmol/l of each specific primer, and 9 ng
cDNA. Each sample was assayed in triplicate for each primer pair.
Results obtained from this experiment were normalized to β-actin by
using the 2–ΔΔCt method to determine the fold change in relative gene
expression (16). 

Western blot analysis. To analyze the correlation between the
MDM2 T309G polymorphism and protein expression levels, we
examined 14 prostate cancer tumor tissues. Total protein samples
(30 μg) were run on a 12% SDS-PAGE gel, and following
electrophoresis, separated proteins were transferred onto a
nitrocellulose membrane by using a semi-dry transfer protocol. Non-
specific binding was blocked with 5% non-fat dry milk in TBS-T
(50 mM Tris-Cl, pH 7.5, 150 mM NaCl, 0.05% Tween 20) for at
least 2 h. They were then incubated with the following primary
antibodies at 4˚C overnight: anti-MDM2 (1:500, ab16895) and anti-
β-actin (1:2,000, sc-1616). Next day, the membranes were washed
with TBS-T solution and then incubated with secondary antibodies
conjugated with horseradish peroxidase (1:5,000, Santa Cruz) for 1
h. After extensive washes with TBS-T solution (3 times × 15 min),
membranes were incubated in SuperSignal West Pico
Chemiluminescent Substrate (ThermoFisher Scientific) solution for
3 min in the dark. After exposure of the membranes to Chemidoc
XRS (BioRad Laboratories, Inc.), the intensities of the relevant
bands were quantified using Quantity One software (BioRad
Laboratories, Inc.). The intensities of the bands of interest were
normalized against corresponding intensities of β-actin bands.

Statistical analysis. A genomic association study was performed
assuming the general, dominant, recessive, multiplicative, and
additive models, with the null hypothesis of independence of
genotype, and the case/control status was tested by the chi2 test with
the p-value being computed by the Monte Carlo method. The Hardy
Weinberg equilibrium was tested using the R library Hardy
Weinberg. The null hypothesis that the population odds ratio (OR)
was equal to 1 was tested by the Fisher exact test. Gene expression
was computed by an in-house R code and visualized by a boxplot
overlaid with a swarm plot. The null hypothesis that the population
median Fold Change (FC) was equal to 1 was tested by the
Wilcoxon one sample test. Robust ANOVA was used to test the null
hypothesis of the equality of the population median FC among the
alleles of a gene. Data analyses were carried out in R ver. 3.5.2 (17).
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Results of tests with a p-value below 0.05 were considered
statistically significant.

Results

The relevant characteristics of the study subjects are
presented in Table I. A significant difference in the mean age
was found between the prostate cancer group and the control
group (p<0.05). The total PSA levels were significantly
higher in the patient group than in the control group as
expected (p<0.001). The majority of the prostate cancer
patients had a high Gleason score ≥7 (74.2%), and no
difference was noted in the distribution of tumor stages
pT1/pT2 and pT3/pT4. 

The distributions of the MDM2 T309G genotypes in the
studied groups are summarized in Table II. The MDM2
T309G genotype distribution among our Caucasian control
subjects (TT: 42.1%, TG: 50.5% and GG: 7.4%) was similar
to that of other studies in identical populations (13, 18),
except for the frequency of the variant G allele. The
genotype distributions in the control group were in Hardy-
Weinberg equilibrium (p>0.05). The heterozygous mutant
TG genotype of MDM2 was associated with no increased
risk of prostate cancer (OR=1.19; 95%CI=0.92-1.52,
p>0.05), whereas the GG mutant genotype of MDM2 showed
a protective association (OR=0.69; 95%CI=0.44-1.06,
p>0.05), in comparison with the wild-type TT genotype. 

The association of the MDM2 T309G polymorphism with
clinicopathological features, such as total PSA levels,
Gleason score, and pathological T stage in prostate cancer
patients was further evaluated (Table III). Patients with the
GG genotype and PSA levels ≥10 ng/ml tended to have a

higher risk of prostate cancer (OR=1.34; 95%CI=0.74-2.44,
p>0.05) compared with those subjects who had the TT
genotype and PSA levels <10 ng/ml. No significant
association was observed between the Gleason score,
pathological T stage, and the polymorphisms in MDM2. 
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Table I. Characteristics of the study groups. 

                                                    Healthy controls           Prostate cancer

Number                                                 592                               506
Age (years)
  Mean±SD                                       65.7±9.0                       67.4±7.9
PSA (ng/ml, %)
  PSA <10 ng/ml                              592 (100)                     225 (44.5)
  PSA ≥10 ng/ml                                     0                            281 (55.5)
  Mean±SD                                        3.6±0.2                        38.3±4.2
Gleason score (%)
  <7                                                        NA                          104 (25.8)
  ≥7                                                        NA                          298 (74.2)
  Mean±SD                                            NA                           7.3±0.06
  Missing                                               NA                               104
Pathological stage (%)
  pT1/pT2                                              NA                           119 (50)
  pT3/pT4                                              NA                           119 (50)
  Missing                                               NA                               268

NA: Not applicable. Bold characters represent p<0.05.

Table II. Distributions of the MDM2 T309G allelic and genotypic
frequencies among patients with prostate cancer and healthy controls.

Genotype         Healthy          Prostate            OR (95%CI)         p-Value
                         controls            cancer
                           n (%)               n (%)

TT                 249 (42.1)        223 (44.1)        1.00 (ref.)                     
TG                 299 (50.5)        226 (44.6)        1.19 (0.92-1.52)        0.20
GG                   44 (7.4)            57 (11.3)        0.69 (0.44-1.06)        0.10
TG+GG         343 (58)           283 (55.9)        1.08 (0.85-1.38)        0.54
Allele
T                    797 (67.3)        672 (66.4)        1.00 (ref.)                     
G                    387 (32.7)        340 (33.6)        0.96 (0.80-1.15)        0.68

Table III. Association of the MDM2 T309G alleles and genotypes with
clinicopathological characteristics of prostate cancer.

Genotypes                       Cases                           OR (95%CI)      p-Value

                             PSA                 PSA 
                         <10 ng/ml        ≥10 ng/ml
                             n (%)               n (%)
                                                          
TT                    106 (47.1)        117 (41.6)            1.00 (ref.)               
TG                     96 (42.7)        130 (46.3)       1.23 (0.85-1.78)      0.29
GG                    23 (10.2)         34 (12.1)        1.34 (0.74-2.44)      0.37
TG+GG            119 (52.8)        164 (58.4)       1.25 (0.87-1.78)      0.24
Allele T            308 (68.4)       364 (64.8)            1.00 (ref.)               
Allele G           142 (31.6)       198 (35.2)       1.18 (0.91-1.54)      0.23

                        Gleason <7      Gleason ≥7
                             n (%)               n (%)                        

TT                     47 (45.2)        131 (43.9)            1.00 (ref.)               
TG                     45 (43.3)        137 (46.0)       0.92 (0.57-1.47)      0.72
GG                    12 (11.5)          30 (10.1)        1.12 (0.51-2.33)      0.85
TG+GG             57 (54.8)        167 (56.0)       0.95 (0.61-1.49)      0.91
Allele T            139 (66.8)       399 (67.0)            1.00 (ref.)               
Allele G            69 (33.2)        197 (33.0)       1.00 (0.72-1.40)      1.00

                          pT1/pT2          PT3/pT4
                             n (%)               n (%)
                                                          
TT                     52 (43.7)         52 (43.7)             1.00 (ref.)               
TG                     51 (42.9)         52 (43.7)        0.98 (0.57-1.70)      1.00
GG                    16 (13.4)         15 (12.6)        1.06 (0.47-2.41)      1.00
TG+GG             67 (56.3)         67 (56.3)        1.00 (0.60-1.67)      1.00
Allele T            155 (65.1)       156 (65.5)            1.00 (ref.)               
Allele G            83 (34.9)         82 (34.5)        1.02 (0.70-1.48)      1.00



Real-time PCR was performed to detect the effect of the
MDM2 T309G polymorphism on the relative MDM2 mRNA
expression levels in prostate tumor tissues. Because of the low
number of individuals who carried the GG genotype, we
examined the joint effect of the TG plus GG genotypes vs. the
TT genotype on the relative MDM2 mRNA expression (Figure
1). The results revealed that the median fold change values were
lower in individuals who carried the TG plus GG genotypes
than those with the TT genotype (0.51 and 1.16, respectively,
p>0.05) by 2.3-fold. The effect of selected clinicopathological
characteristics on relative MDM2 mRNA expression levels was
also studied (Table IV). Wilcoxon’s test between the Gleason
score or pathological T stage and mRNA expression showed no
statistically significant associations (p>0.05).

In order to study whether the MDM2 T309G
polymorphism had an impact on the MDM2 protein levels,
we performed western blot analysis in 14 tumor tissues
obtained from the prostate cancer patients. The frequency
distribution of the TT, TG, and GG genotypes was 5, 5, and
4, respectively. We found that the MDM2 protein levels were

lower in individuals with the TG and GG genotypes than in
those with the TT genotype (Figure 2).

Discussion

The exact mechanism by which MDM2 T309G affects cancer
susceptibility has not yet been fully elucidated. During the
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Figure 1. Fold change (FC) in the relative expression of MDM2 with respect to different MDM2 T309G genotypes among prostate cancer patients.

Table IV. Fold chance in the relative MDM2 expression with respect to
selected clinicopathological characteristics of prostate cancer patients. 

Variables                               Median                Range                 p-Value

Gleason score
  <7                                          1.00                0.10-1.32                     
  ≥7                                          0.48                0.06-6.34                 0.10
Pathological stage
  pT1/pT2                                0.48                0.10-2.57                     
  pT3/pT4                                0.90                0.11-6.34                 0.41



past few years, several studies have focused on the effects of
the MDM2 T309G polymorphism on prostate cancer risk
within various ethnic populations (11, 18, 19). Results from
these studies are inconsistent mainly for Europeans, whereas
the data from individuals of Asian ancestry indicate that this
polymorphism increases cancer risk (20). Therefore, we have
conducted a case-control study consisting of 506 cases and
592 controls, all of European ancestry, within Slovakia to
validate these results. Our study has shown that the mutant
GG genotype of MDM2 T309G has a protective association
with prostate cancer risk and decreases the relative MDM2
mRNA and protein levels in prostate cancer tissues.

Both the T and G alleles have previously been shown to be
associated with a high risk of malignancy (9, 21). Kibel et al.
suggest that the presence of at least one copy of the T allele
of MDM2 is associated with an increased risk of advanced
prostate cancer for the European-American population (18).
On the contrary, a study on a Chinese population has shown
that the T alleles of MDM2 are associated with a decreased
prostate cancer risk (22). One hospital-based case control
study from northern India has found significant association of
the GG variant with reduced risk of prostate cancer (12).

Studies carried out in Germany (13), Norway (23), Japan (24),
and China (25) have reported no correlation between a MDM2
T309G polymorphism and the development of prostate cancer.
A meta-analysis of Yang et al. has shown that the MDM2
309G variant is significantly associated with a decreased
prostate cancer risk in Caucasians but not in Asians (11). The
same results of a decreased prostate cancer risk in the
European population and in a hospital-based population with
the MDM2 T309G polymorphism have been obtained from the
meta-analysis of Chen et al. (26). A subsequent meta-analysis
reported that the G allele was not associated with an increased
risk of prostate cancer in either the total population or after
grouping by ethnicity (27, 28). 

A number of possible explanations can be proposed for the
different results observed in the present study as compared with
other previous studies: 1) the different frequencies of the
MDM2 T and G alleles across ethnicities; 2) the different study
designs and sample sizes; 3) the genotyping method employed
in the study; 4) the distinct SNP in the MDM2 P2 promoter,
e.g., MDM2 SNP285 is located 24 bp upstream from MDM2
T309G, which overlaps with the SP1 site (29); and 5) gene-
gene (e.g., p53-MDM2) and gene-environment interactions. 
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Figure 2. Association between the MDM2 T309G polymorphism and MDM2 protein levels. (A) Western blot analysis of MDM2 protein levels in
prostate cancer tissues from individuals with different MDM2 T309G genotypes. Individual genotype designation: lanes 1 to 5, TT genotype (n=5);
lanes 5 to 10, TG genotype (n=5); lanes 11 to 14, GG genotype (n=4); (B) Relative protein expression levels were calculated densitometrically in
reference to the β-actin expression level. Values are given as means±SEM. 



MDM2 overexpression has been demonstrated to be
significantly associated with a large number of human
tumors including prostate cancer (30, 31). In the present
study, we have evaluated whether MDM2 mRNA and protein
expression in prostate tumors is influenced by the MDM2
T309G polymorphism. To the best of our knowledge, we
report the first analysis of this association in prostate cancer.
We have not observed any significant effect of the MDM2 G
allele on relative MDM2 mRNA expression levels. Our
results are in agreement with those from previous studies in
various types of malignancies (32, 33). On the other hand,
several studies have demonstrated a correlation between the
MDM2 T309G polymorphism and mRNA levels (34, 35).
Woelfelschneider et al. have analyzed whether genetic
variation in MDM2 T309G contributes to changes in the
mRNA expression, as measured in the peripheral blood
lymphocytes in prostate cancer patients (36). They found a
higher median MDM2 mRNA level in homozygous GG
individuals as compared with T allele carriers. The direct
impact of this polymorphism in tumorigenesis has been
determined in two genetically engineered mouse models
carrying either the MDM2 309G or MDM2 309T alleles.
They have shown that mice carrying two MDM2 309G
alleles have increased levels of MDM2 mRNA and protein
and exhibit accelerated tumor formation (37). More
interestingly, our data have demonstrated decreased MDM2
protein levels in individuals with TG and GG genotypes in
comparison with individuals with the TT genotype. We
hypothesize that a positive association between the MDM2
309G allele and MDM2 mRNA and protein levels might
have affected tumorigenesis through regulation of the p53
proteasomal degradation. Moreover, it is possible that in a
particular environment or genetic background, the MDM2
variant may protect, while in another, the same variant may
predispose cells to malignant transformation (18, 38).

Finally, the MDM2 T309G genotype and MDM2
expression profiles have been correlated with selected
clinicopathological features of prostate cancer, including
total PSA levels, pathological stage, and Gleason score. In
most studies, the authors have not discussed the association
of this polymorphism with the clinical behavior of the
prostate tumor, whereas this aspect is addressed in our
present study. We observed no significant associations
between the genotypes and MDM2 mRNA and protein
expression with the clinical outcomes of prostate cancer.
Similarly, other authors have found no association of the
MDM2 T309G polymorphism with tumour risk, age at
tumour onset, histopathological characteristics of the
tumours, or prognosis (13, 19, 39). By contrast, a large
hospital-based study in a Caucasian population, performed
by Sun et al. has revealed that the MDM2 309T allele is
associated with earlier onset prostate cancer, higher Gleason
scores, and higher tumor stages in men undergoing radical

prostatectomy (40). A later study by Yang et al. has shown
that the MDM2 309G variant is significantly associated with
both a lower malignant degree and a slower clinical
progression in Caucasians but not in Asians (11).

In conclusion, our results have shown a protective
association between the MDM2 GG genotype and prostate
cancer risk. We have further demonstrated that the MDM2
T309G polymorphism is associated with decreased
expression of MDM2 in prostate cancer tissues. Neither the
MDM2 T309G polymorphism nor MDM2 expression exhibit
significant correlations with clinicopathological features. The
molecular mechanisms underlying this association remain to
be determined, and larger population studies are required to
verify this conclusion.
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