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Abstract: MDM2 is a key negative regulator of tumor suppressor p53. A single nucleotide polymorphism in the
MDM?2 promoter, SNP309, enhances transcriptional activation of MDM2 and has been associated with early
onset of several types of cancer. In this study, we attempted to determine if the MDM2 SNP309 polymorphism
plays a role in the aggressive phenotype seen in African American (AA) prostate cancer by examining the
association between MDM2 SNP309 and MDM2 protein levels in prostate cancer (PCa) patients of different racial
backgrounds. Prospectively enrolled PCa patients (AA=51, CA=50) were evaluated for MDM2 SNP309 and MDM2
protein expression. MDM2 overexpression, defined as >10% of tumor cells in three tissue cores, was assessed
using immunohistochemistry on tissue microarray. MDM2 protein expression was significantly greater in CA than
AA patients (78% versus 45% respectively, p=0.0007). Germline DNA was analyzed by PCR-RFLP then confirmed
by DNA sequencing. MDM2 SNP309 genotype frequencies did not differ significantly between AA and CA PCa
patients (AA: TT 68.6%, TG 25.5%, GG 5.9%; CA: TT 62.0%, TG 20.0%, GG 18.0%; p=0.16), suggesting that the
MDM2 SNP309 allele does not play a significant role in the observed overexpression.
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Introduction other investigators [8, 9]. Recent studies have
also shown that inhibiting MDM2 expression

In response to stress, cells activate a complex enhances the effects of radiation and

pathway involving tumor suppressor p53 that
is responsible for cell cycle arrest, DNA repair,
and apoptosis as protection from the
deleterious effects of mutation [1]. A key
negative regulator of p53, MDM2 targets p53
for proteasomal degradation via an E3
ubiquitin  ligase [2-4]. Overexpression of
MDM2 has been associated with lack of
response to chemoradiotherapy in laryngeal
cancer and has been shown to induce
androgen independence in prostate cancer
cell lines [5, 6]. We previously reported that
MDM2  overexpression was significantly
associated with advanced stage prostate
cancer (PCa) [7], a finding later reproduced by
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chemotherapy on PCa cells [10-12]. Thus, it is
conceivable that altered regulation of MDM2
may play a role, at least in part, in the
aggressive nature of PCa in African American
(AA) patients.

Recently, the G allele of a single nucleotide
polymorphism (SNP) at position 309 in the P2
promoter of MDM2 (rs2279744; T/G) was
shown to increase the binding affinity of the
transcriptional activator Spi, resulting in
higher levels of MDM2 protein expression [13].
Additionally, steroid hormone receptors
including androgen (AR) and estrogen
receptors (ER) have been shown to form
complexes with Spl and act as co-regulators
[14, 15]. Studies in ER-positive tumors such as
breast and ovarian cancer have shown
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associations between younger age at onset
and the MDM2 SNP309 G allele [16, 17]. In
the ovarian cancer study, the age of onset in
women with both the SNP 309 G allele and
high expression of ER was 8 years earlier than
those without the SNP 309 G allele. Similarly,
in a cohort of women with breast cancer,
patients with the G/G SNP 309 genotype had
an age of onset 7 years earlier than patients
with the T/T genotype. Moreover,
premenopausal women (with active estrogen
signaling) who have an MDM2 SNP309 G
allele display early-onset soft-tissue sarcoma,
diffuse large B-cell lymphoma, colorectal
cancer, and non-small cell lung cancer [18-
22].

In this study, we tested the postulate that a
higher frequency of the SNP309 G allele at the
MDM?2 promoter in AA patients may contribute
to the aggressive phenotype and the young
age of onset associated with their tumors. This
is the first study to examine the implication of
the MDM2 SNP 309 as it applies to racial
differences in the clinicopathologic
presentation of prostate cancer. Additionally,
this is the first report to examine both the SNP
309 genotype and the corresponding MDM2
protein expression in a group of prospectively
enrolled prostate cancer patients.

Materials and Methods
Patient Population

The study cohort consisted of 101 PCa
patients prospectively enrolled at the
Manhattan Veterans Affairs Medical Center
(VAMC). Patients self-identified as African
American (n=51) or Caucasian (n=50) during
the hospital registration process, and this
identification was confirmed by a review of the
clinical notes before data analysis.
Clinicopathologic, demographic, and survival
data was recorded prospectively for all
patients. The VAMC Institutional Review Board
approved the study. Biochemical recurrence
(BCR) was defined as a PSA of 0.2 or greater
with a confirmatory rise [23].

Genotype Analysis

Germline DNA was isolated from 101 normal
prostate tissue specimens collected at the
time of patient surgery (Qiagen, DNA Mini Kit,
Maryland, USA). Paraffin embedded blocks of
normal prostate tissues removed at the time
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of radical prostatectomy were chosen after
review of the corresponding H&E by an
attending pathologist (PL). We did not use
normal prostate tissue adjacent to prostate
cancer to avoid any possible confounding
effect of tumor cells. The MDM2 SNP309
genotype was determined by PCR amplification
followed by restriction fragment length
polymorphism (RFLP) and confirmed by DNA
sequencing.

The MDM2 promoter region was amplified by
PCR using the primer pair F (5-
CGGGAGTTCAGGGTAAAGGT-3’) and R (5-
AGCAAGTCGGTGCTTACCTG-3’) to amplify a
352 base pair (bp) product. This assay was
performed using at least 20 ng of genomic
DNA, 10 uM of each primer, 1 U of Amplitaq
Gold DNA polymerase (Applied Biosystems,
Foster City, CA), 10 mM dNTP, and 25 mM
MgClo. After an enzyme activation step at
94°C for 10 min, PCR was conducted for 45
cycles at 94°C for 1 min, 56°C for 1 min,
72°C for 2 min, and was concluded with a
final extension step of 72°C for 10 min.

For RFLP analysis, 7 uL of the 352 bp PCR
product was digested in a 20 uL reaction with
2 U of MspA1ll (New England Biolabs, Ipswich,
MA), 1x BSA, and 1x NEBuffer 4 (50 mM
potassium acetate, 20 mM Tris-acetate, 10
mM magnesium acetate, 1 mM DTT, pH 7.9)
for1 hat37°C.

Digestion products were resolved on 2%
agarose gels and stained with ethidium
bromide. SNP309 introduces a new MspAll
restriction enzyme site. The wild type product
(TT) is digested into three bands (233, 88, 31
bp), the SNP309 homozygous product (GG) is
digested into four bands (187, 88, 46, 31 bp),
and the heterozygous product (TG) yields a
combination of the five bands (233, 187, 88,
46, 31 bp).

For confirmation of genotypes, DNA
sequencing was performed at the DNA
Sequencing Facility of the Skirball Institute at
New York University Medical Center. The
sequencing reaction contained 1 uL of purified
PCR products (Qiagen, QIAquick PCR
Purification Kit, Maryland, USA), 1 uL of
forward primer, and 14 uL of water, and was
conducted on an ABI 3730XL sequencing
instrument  that  utilizes ABI  BigDye
Terminators cycle sequencing.
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Figure 1 Representative RFLP genotyping of MDM2 SNP309. Each pair of lanes (e.g., 1+2, 3+4, etc) represents
the analysis from a single patient. A 50 bp ladder (first lane on the left) was used to distinguish band size. The
352 bp PCR product is digested with MspAll. MDM2 SNP309 introduces a new restriction enzyme site, allowing
for discrimination between genotypes. Odd lanes were loaded with undigested PCR products and even lanes with
the products digested with MspAll. One upper band represents the TT genotype (lane 6), two bands represent the
TG genotype (lanes 2 and 4), and one lower band represents the GG genotype (lane 8).

Immunohistochemistry

Immunohistochemistry (IHC) was performed
with monoclonal anti-MDM2 antibody (2A10,
Calbiochem, San Diego, CA; 2ug/mL) using an
avidin-biotin immunoperoxidase = method.
Antigen retrieval of tissue microarray (TMA)
sections were performed by boiling in 0.01 M
solution of citric acid, pH 6.0 for 15 min
followed by incubation with the primary
antibody overnight at 4°C. Biotinylated horse
antimouse IgG antibody was applied for 1 h
(Vector Laboratories, Burlingame, CA; 1:500
dilution), followed by avidin-biotin peroxidase
complexes for 30 min (Vector Laboratories;
1:25 dilution). Diaminobenzidine was used as
the final chromogen, and hematoxylin was
used as the nuclear counterstain. Nuclear
immunoreactivity was determined on a
continuous scale by a pathologist with values
that ranged from undetectable levels (0%) to
homogeneous staining (100%). Protein
overexpression was defined as >10% cells
positive for staining when averaged across
three cores [24].

Statistical Analysis

Descriptive statistics were calculated for
baseline demographic and clinicopathologic
characteristics. Associations among MDM?2
SNP309 genotype, MDM2 protein
overexpression (>10% positivity averaged
across three cores), and clinicopathologic/
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histopathologic features of PCa were
evaluated by the Wilcoxon rank-sum test, the
Kruskal-Wallis test, the chi-square test, or
Fisher’'s exact test, as appropriate. All p-values
were two-sided with statistical significance
evaluated at the 0.05 alpha level. All analyses
were performed in SAS Version 9.1 (SAS
Institute Inc., Cary, North Carolina).

Results

MDM?2 Protein Overexpression is More
Common in Caucasian Patients

MDM2 protein expression in 101
prostatectomy tumor specimens was assessed
using immunohistochemistry on TMA with 51
AA and 50 CA cancer cases. Tissue specimens
from each patient consisted of three core
samples, each 0.6 um thick. Fifty tumor cells
from each core were analyzed for MDM2
protein expression. Figure 1 shows an example
of MDM2 overexpression as demonstrated by
immunohistochemical staining. Table 1
summarizes the baseline characteristics of the
101 patients studied. MDM2 protein
overexpression was significantly greater in CA
patients (78%) than AA patients (45%)
(p=0.0007) by Chi-square test.

Genotype Frequencies of MDM2 SNP309 is
Not Associated with Racial Disparity between
AA and CA Patients

Int J Clin Exp Pathol (2009) 2, 353-360
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Table 1 Summary of baseline patient characteristics

Patient characteristics Total number (%) AA number (%) CA number (%)
Number of patients 101(100) 51(50.5) 50(49.5)
Pathologic stage

pT1/T2 59(58.4) 29(56.9) 30(60.0)

pT3/T4 42(41.6) 22(43.1) 20(40.0)
PSA

<10 63(66.3)* 28(56.0) 35(77.8

>10 32(33.7) 22(44.0) 10(22.2
Gleason grade

<7 53(52.5) 24(47.1) 29(58.0)

>7 48(47.5) 27(52.9) 21(42.0)
Recurrence 29(32.2) 18(40.0) 11(24.4)

*some percentages based on denominators less than 101, 51 and 50 due to missing data

We successfully amplified DNA by PCR for
genotype analysis of MDM2 SNP309 in
101/101 (100%) cases of PCa patients. An
example of the genotyping results is shown in
Figure 2. The genotype frequencies in AA
patients were TT 68.6%, TG 25.5%, and GG
5.9% (allele frequency: T 81.4%, G 18.6%),
while those in CA patients were TT 62.0%, TG
20.0%, and GG 18.0% (allele frequency: T
72%, G 28%). These frequencies were not
significantly different (p=0.16, chi-square test).

No Correlation between MDM2 SNP309 Allele
and Age at Diagnosis, Level of MDM?2
Expression or Histopathologic Features

We examined age at diagnosis of PCa in AA
and CA patients with respect to MDM?2
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SNP309 genotype. No statistically significant
association was found between the MDM?2
SNP309 G allele and early-onset PCa (<60)
among the entire cohort (p=0.35). When
stratified by race, there was a trend among AA
patients with early-onset PCa and the TT
MDM2 SNP309 allele (p=0.07). Table 2
presents genotype frequencies by race and
age at diagnosis. Histopathologic features of
PCa, including tumor stage, Gleason grade,
PSA, recurrence, and survival were categorized
by MDMZ2 SNP309 genotype and MDM2
protein  overexpression. No  significant
associations were observed between
genotypes and protein expression or between

protein  expression and histopathologic
features of PCa (Table 3).
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Figure 2. Immunohistochemical analysis of MDM2 protein expression in PCa. Protein overexpression was defined
as >10% cells positive for staining averaged across 3 cores on TMA. Images showing representative cases with
positive (A, indicated by arrows) and negative (B) staining for MDM2 protein.
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Table 2 Genotype frequencies by race and age at diagnosis

TT No. (%) TG No. (%) GG No. (%) Total No. (%) P value*
Al patients 66(65.4) 23(22.8) 12(11.9) 101(100)
AA 35(68.6) 13(25.5) 3(5.9) 51(100)
CA 31(62.0) 10(20.0) 9(18.0) 50(100) 0.16
AA
<60 yr 13(92.9) 1(7.1) 0(0) 14(100)
>60 yr 22(59.5) 12(32.4) 3(8.1) 37(100) 0.07
CA
<60 yr 9(60.0) 4(26.7) 2(13.3) 15(100)
>60 yr 22(62.9) 6(17.1) 7(20.0) 35(100) 0.69

*Chi-square test or Fisher’s exact test as appropriate

Table 3 Patient characteristics categorized by MDM2 protein expression

. AA CA
Pst'e”tt - TotalAA  <10% >10% o TotalCA  <10%  >10% o
characteristics o (%) No. (%) No. (%) No. (%) No. (%)  No. (%)
value* value
No. of patients  51(100) 28(54.9) 23(45.1) - 50(100) 11(22.  39(78.0) -
0)
SNP300 genotype
T 35(100) 22(62.9) 13(37.1) 0.09 31(100) 7(22.6) 24(77.4) 0.9
TGorGG  16(100) 6(37.5)  10(62.5) 19(100) 4(21.1) 15(78.9)
Age at diagnosis
<60 yr 14(100) 6(42.9) 8(57.1)  0.29 15(100) 3(20) 12(80.0) 0.82
>60 yr 37(100) 22(59.5) 15(40.5) 35(100) 8(22.9) 27(77.1)
Pathologic stage
pT1/T2 29(100) 16(55.2) 13(44.8) 0.96 30(100) 7(23.3) 23(76.7) 0.78
pT3/T4 22(100) 12(54.5) 10(45.5) 20(100) 4(20.0) 16(80.0)
PSA
<10 28(100)**  14(50.0) 14(50.0) 0.52 35(100)** 6(17.1) 23(76.7) 0.78
>10 22(100) 13(59.1)  9(40.9) 10(100) 4(20.0) 16(80.0)
Gleason grade
<7 24(100) 11(45.8) 13(54.2) 0.22 29(100) 6(20.7) 23(79.3) 0.79
>7 27(100) 17(63.0) 10(37.0) 21(100) 5(23.8) 16(76.2)
Recurrence 18(100) 10(55.6) 8(44.4)  0.63 11(100) 2(18.2) 9(81.8) 0.86

*Chi-square or Fisher’s exact test as appropriate
**0ne AA and 5 CA patients missing from this analysis

Discussion

Recent work by Bond et al demonstrated that
not only can a specific SNP 309 allele increase
MDM2 expression but that it may do so in a
gender-specific  and hormone-dependent
manner, making SNP 309 particularly
appealing in hormonally regulated cancers
such as prostate [17]. Our data showed a
higher expression of MDM2 protein in the CA
tumors compared to the AA tumors. We
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hypothesized that the MDM2 SNP309
polymorphism (G allele) might contribute to
the aggressive tumor phenotype and younger
age at onset observed in AA patients with PCa.
We performed genotyping analysis of germline
DNA from PCa patients which revealed no
significant difference in allele frequency
between AA and CA patients. Our findings
suggest different mechanisms in the
regulation of MDM2 expression in PCa
patients of different racial backgrounds. The
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data does not, however, support a role of the
MDM2 SNP 309G allele as a significant
regulator of MDM2 overexpression in PCa.

In contrast to the Bond study, our data is
consistent with the observation from a recent
case-control study by Stoehr et al from
Germany which suggests that the MDMZ2
SNP309 does not have the same diagnostic or
prognostic potential in prostate cancer as has
been demonstrated in other malignancies
[25]. The Stoehr study consisted of 145 PCa
patients and 124 male controls. SNP
genotyping of normal prostate tissue from the
cases and peripheral blood from the controls
showed no significant difference in MDM?2
SNP 309 allele frequency between the two
groups. There was, however, a trend toward a
higher frequency of the T/T genotype in the
cancer patients. In concordance with our
study, there was no association between the
MDM2 SNP 309 variant and cancer stage or
early onset disease. Our study, however,
further demonstrated that there is no
difference in MDM2 SNP 309 allele frequency
between racial groups within a cohort of
prostate cancer patients.

Another recent study by Kibel and colleagues
[26], however, is in discordance with our
conclusion. They attempted to correlate SNP
variants of nine different cell cycle genes
including MDM2 with an aggressive prostate
cancer phenotype. Their study revealed a
significant association between the MDM?2
SNP 309 TT/GT genotype (vs. GG) and patients
with androgen-independent disease (AID).
They demonstrated that of 71 patients who
developed AID, 93% had the TT/GT genotype
which equated to a statistically significant
odds ratio of 2.28. Additionally, when stratified
by age at diagnosis, the same high-risk MDM2
genotypes were significantly associated with
earlier onset of disease. Interestingly, it was
the T allele, not the G allele as had been
described previously, that was associated with
aggressive phenotype. Their data suggests
that the MDM2 SNP309 allele may be more
useful as a predictor of aggressive disease
among a cohort of patients already diagnosed
than as a predictor of PCa risk in the
population overall. However, the study was
retrospective, and thus was unable to
determine if the high-risk genotypes were
associated with aggressive disease at onset or
with the progression to aggressive disease
from an initially indolent disease. In our
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prospective study of 101 patients, there were
29 recurrences, 90% of which had the GT/TT
genotype. Of the 18 AA patients who recurred,
100% had the GT/TT phenotype and 78% had
the TT genotype, suggesting that the MDM2
SNP309 may in fact play a role in the
aggressive nature of prostate cancer in AAs.
Clearly, the number of recurrences in our study
was not large enough to detect true
associations, but its concordance with the
Kibel study may be enough to warrant further
study of the T allele and its role in predicting
poor prognosis. Unlike our study, the Kibel
study did not study MDM2 expression in their
patient cohort, so they were unable to
speculate about whether the MDM2 SNP309
contributes to advanced disease due to up-
regulation of MDM2 or due to a different
pathway. Our data showing no association
between the SNP variant and the level of
MDM2 expression suggests that the latter
scenario is more likely.

Both the Stoehr and Kibel studies compare the
frequency of MDM2 SNP309 alleles between
prostate cancer patients and healthy controls.
In the Kibel study, they explicitly stated that all
patients are of Caucasian decent, and it is not
unreasonable to expect that most patients in
the German study are also Caucasians. Our
study is the first to examine differences in the
MDM2 SNP309genotype between AA and CA
patients with PCa. A previous case-control
study by Pine et al compared the frequencies
of SNP309 genotypes between AA and CA
patients with lung cancer [27]. They were not
able to demonstrate that the MDM2 SNP309
was associated with lung cancer in either
racial group. However, their data provides a
control population of 255 AAs to which we can
compare the genotype frequencies of our AA
patients. This comparison reveals that our AA
population has a higher frequency of the G
allele compared to the AA controls in the Pine
study (18.6% vs 11%). This finding might be
interpreted in two ways. It may be an
indication that the G allele confers an
increased risk of PCa in the AA population, or it
may indicate that the degree of CA admixture
in our cohort of AA patients is higher than that
in other studies.

Our results somewhat unexpectedly revealed
that MDM2 was overexpressed in prostate
cancer in the CA population. While MDM2 and
AA ethnicity have both been associated with
poor prognosis, the relationship between the
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two variables in our study was neither
causative nor correlative. One possible reason
for the seemingly paradoxical results is that
prior studies examining the utility of MDM2 as
a prognostic marker included predominantly if
not exclusively CA patients (or simply did not
stratify by race) thus providing no opportunity
for such a disparity to be revealed. Also,
MDM2 is a negative regulator of p53, which
has been shown to be rarely mutated in
primary PCa. In a recent study of 2514 post-
prostatectomy tumors, only 2.5% were found
to have p53 overexpression by
immunohistochemistry [28]. In contrast, p53 is
more frequently inactivated in other types of
cancers including breast and ovarian [16, 29].

In conclusion, our data reveals that MDM2
expression in PCa differs between AA and CA
patients. The data does not, however, support
a role for the MDM2 SNP309 in the
development of the aggressive nature of PCa
in AA patients, including younger age at onset.
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