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he proto-oncogene MDAM?2 inhib-

its p53 and plays a key role in
cell growth control and apoptosis.
Identification of two antagonizing
MDM?2 polymorphisms, SNP285 and
SNP309, affecting cancer risk through
modulation of Spl transcription factor
binding, shed new light on the biological
activity and phylogeny of this gene.

Introduction

MDM2 (mouse double minute 2 homo-
log) is a major regulator of p53, popularly
coined the “guardian of the genome.” The
levels of these two important proteins are
tightly regulated and linked in a feedback
loop where p53 acts as a transcription fac-
tor inducing MDM2 transcription, while
MDM2 binds, inhibits and degrades the
p53 protein through E3 ligase activity."
The functional importance of this bal-
anced interaction is illustrated by the
findings that knock-out of the MDM2
gene leads to embryonic lethality in mice,
an effect rescued by concomitant p53 dele-
tion.*> In addition to the tight link to p53,
MDM2 is also known to interact with sev-
eral other major players involved in cellular
growth control. Among others, MDM2
binds to and inhibits the function of the
retinoblastoma protein (pRB),® leading
to increased levels of free E2F1, promot-
ing cell cycle progression. Enhancing this
effect, MDM2 also bind directly to E2F1
and stimulates its activity as a transcrip-
tion factor.” Given this role as a negative
regulator of p53 and pRb functional path-
ways, one may regard MDM?2 as a “mas-
ter regulator gene,” with a key position
governing cellular homeostasis. Thus, it
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is clear that MDM?2 is a classical proto-
oncogene that, if hyperactive, contributes
to malignant cell proliferation. Elevated
MDM2 activity is found in many tumors
and is considered as an alternative way of
p53 inactivation.

The two classical underlying mecha-
nisms of MDM2 hyperactivity in cells
are gene amplification (increased gene
copy number)®’ and enhanced transla-
tion,'"!? both of which are observed in
many human cancer forms harboring
wild-type 7P53 (the gene coding for the
p53 protein). Recently, a third mechanism
of MDM2 hyperactivation was suggested:
Inuzuka and co-workers demonstrated
MDM2 to be phosphorylated by Casein
Kinase I (CKI), subsequently enhancing
MDM?2 degradation by the SCFFTRCP
ubiquitin ligase.” In cases where CKI
and/or B-TRCP are inactivated, this
would lead to abnormally high levels of
MDM2 and, thus, tumor promoting
MDM2 hyperactivity." This hypothesis
is indirectly supported by the findings
of B-TRCP deletions in several tumor
forms.1416

In this review, we will focus on a fourth
mechanism influencing MDM2 activity:
promoter single nucleotide polymorphisms
(SNPs) affecting MDM2 transcription.
The promoter SNPs (and haplotypes of
combined SNPs) are unique in the sense
that they are the only described cis-acting
mechanisms affecting MDM2 through
altering transcription levels. Also, while
the three above mentioned mechanisms
are all tumor specific, promoter SNPs
are the only described germ line MDM?2
alterations. Thus, ethnic distribution of
these variants may provide important
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Figure 1. Surface plasmon resonance (SPR) assay determining the effect of SNP285 and SNP309 on Sp1 binding to the MDM2 promoter P2. DNA frag-
ments amplified from the MDM2 promoter were injected into a flow over an Sp1 coated chip (A), while changes in the SPR were recorded (B). The wild-
type SNP285G/309T-allele was used as reference (100%), to which the other variant alleles were compared. lllustration modified from reference 23.

information about evolutionary mecha-
nisms selecting for different MDM?2
variants, subsequently extending our bio-
logical knowledge about the multiple bio-
logical functions of this important gene.

MDM2 SNP309
as a Cancer Risk Factor

In 2004, the group headed by Arnold
Levine made the first discovery of a
MDM?2 functional polymorphism located
in the intronic promoter of MDM?2 (pro-
moter P2).” The polymorphism was
a T to G transversion and was termed
SNP309 (SNP309T>G; rs2279744) due
to its position 309 bps downstream of
MDM?2 exon 1. In their original paper,
Bond etal.”” showed that the G-variant of
this polymorphism (SNP309G) extended
a binding site for the transcription factor
Spl and, thus, lead to increased tran-
scription of MDM2, as compared to the
SNP309T allele. Further, the tumori-
genic effect of the SNP309G allele was
supported by the findings of an associa-
tion between this allele and early age at
cancer diagnosis among individuals with
Li-Fraumeni syndrome (carrying germ-
line 7P53 mutations), as well as an early
age at diagnosis of soft tissue sarcomas,
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large B-cell lymphomas and colorectal
cancers in women without any con-
comitant cancer predisposing germline
mutations.”'® In addition, an association
between SNP309G and an early diagno-
sis of estrogen receptor rich breast can-
cer was recorded.” Recently, novel data
from mouse models strongly supported
the initial findings: Post and co-workers
generated mice carrying the human ver-
sions of promoter P2. In this model,
mice carrying the SNP309GG genotype
were observed to be more tumor prone
than those carrying the SNP309TT
genotype.?

However, while numerous subsequent
case-control studies assessing the role of
SNP309 as a cancer risk factor or a pre-
dictor of early cancer development have
been performed, the data generated have
been somewhat conflicting. So far, there is
no clear pattern with respect to a potential
difference in the effect of SNP309 on dif-
ferent cancer forms. However, with respect
to ethnicity, most of the studies linking the
SNP309G variant allele to increased can-
cer risk or a young age at diagnosis have
been performed on Asian or Ashkenazi
Jewish populations. In contrast, the major-
ity of studies performed in Caucasians
have revealed negative results.?"*

Transcription

MDM2 SNP285 Reduces Sp1

Transcription Factor Binding
While studying SNP309 status in
Norwegian breast cancer patients, we dis-
covered a second MDM?2 polymorphism
(SNP285G>C; rs117039649) located only
24 bps upstream of SNP309 in the MDM?2
intronic promoter (P2).2 SNP285C was
located on the SNP309G allele forming
a distinct SNP285C/309G haplotype. As
was the case for SNP309, SNP285 was
located within a predicted binding site
for the Spl transcription factor. Notably,
the two SNPs were located at two adja-
cent Spl binding sites. Preliminary in
silico analyses indicated that the presence
of the SNP285C-allele would reduce the
binding strength between Spl and the
MDM?2 promoter, as compared to the
SNP285G-allele. Thus, we hypothesized
that SNP285C may counteract the effect
of SNP309G.

Applying a highly sensitive surface
plasmon resonance (SPR) assay (Fig. 1)
using the SNP309T allele as reference
standard (100%), we demonstrated that
the SNP309G-allele enhances Spl pro-
tein binding to the MDM?2 promoter to
122%. In contrast, SNP285C reduced
Spl binding to only 48.5% of that of the
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Figure 2. Effects of MDM2 SNP285 and SNP309 on transcription. The enhanced Sp1 binding to the MDM2 promoter caused by SNP309G leads to
increased transcription, while the reduced Sp1 binding to an adjacent binding site, caused by SNP285C reduces transcription.

wild-type SNP285G. Interestingly, the
double  polymorphic  SNP285C/309G
haplotype bound Spl with an affin-
ity of 89.4% of that of the wild-type
SNP285G/309T haplotype, indicating
that the presence of SNP285C not only
neutralizes, but also overcompensates for,
the effect of SNP309G. Thus, a “double
polymorphic allele” (SNP285C/309G)
should have a moderately reduced tran-
scriptional  activity as compared to
the wild-type (SNP285G/309T) allele
(Fig. 2).* Further, the in vitro binding
curves did not fit a 1:1 binding model
but rather a heterogeneous ligand model,
in line with a model where two or more
Spl molecules bind each MDM?2 pro-
moter. Thus, the binding curves support
the results from in silico prediction of
SNP285 and 309 to reside within two
separate but adjacent Spl binding sites.

SNP285C Reduces the Risk
of Female Cancers

Subsequent to the in vitro findings we have
analyzed the distribution of SNP285 and
SNP309 in several female cancer forms.
Based on the finding of reduced binding
strength between the MDM?2 promoter
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and the Spl transcription factor in the
presence of SNP285C, one would assume
that this polymorphism was associated
with reduced risk of cancer. Data so far on
three major female cancers (breast, ovar-
ian and endometrial) establish that this
is in fact the case. In our initial study,”
we compared the frequencies of SNP285
in 1,973 breast cancer and 1,993 ovarian
cancer patients with 2,465 healthy con-
trols. We found SNP285C to reduce the
risk of the two malignancies among car-
riers of the SNP309G-allele (SNP309TG
heterozygotes and SNP309GG homo-
zygotes combined) with 21 and 26%,
respectively. Interestingly, there was a
clear difference with respect to the effect
on individuals heterozygous or homozy-
gous for the SNP309G variant between
the two cancer forms. While the effect
of SNP285C on breast cancer was most
profound in SNP309GG homozygotes
(risk reduction of 45 versus 9% only in
SNP309TG heterozygotes), the opposite
was the case for ovarian cancer: we found
a risk reduction of 37% for SNP285C
carriers among SNP309TG heterozy-
gotes, while no effect was observed among

SNP309GG homozygotes.
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Recently, we have completed a similar
screening among patients suffering from
endometrial cancer.’* The results here
mirrors the data obtained for ovarian can-
cer: SNP285C reduce the risk of endome-
trial cancer by 39% among SNP309TG
heterozygotes. No effect was observed on
SNO309GG homozygotes.

The results from the screenings of
ovarian and endometrial cancers is very
much in line with the in vitro data, indi-
cating that one SNP285C may neutralize
the effect of one SNP309G allele but not
two. The breast cancer data does not fit
this model. So far we lack an explanation
for this observation, which should be con-
firmed in other trials. However, it is well
known from genes other than MDM? that
heterozygote carriers of a genetic altera-
tion may be at risk of different diseases
from the homozygotes.”

Hypothesizing an Influence
of MDM2 SNPs
on Diseases Other than Cancer

In addition to the case-control part of our
initial screening, we also assessed the dis-
tribution of SNP285C in different ethnic
populations.? While the frequency of
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the C allele was similar in Norway, The
Netherlands and the UK (approximately
8%), it was absent in an Asian population
(Chinese). Further, in a Caucasian popu-
lation with a slightly different migratory
pattern than the rest of western Europe
(Finns) the frequency of SNP285C was
<2%. These data indicate the C variant
of SNP285 to be a relatively young poly-
morphism, which seems to have spread
rapidly among western Caucasians.?
A positive selection for this variant, mak-
ing such a rapid spread possible, most
likely must be due to survival advan-
tages other than a reduction in cancer
risk, since cancers, with a few exception,
appear after the age of childbirth. Given
the role of the p53 pathway in processes
like inflammation, one may speculate
if the MDM2 promoter polymorphism
may affect resistance towards infectious
diseases. Future studies are warranted to
address this topic.

SNP285C May Have Confounded
Contemporary SNP309 Studies

Considering the potential effects of the
SNP309G variant, as mentioned above,
most studies performed on Asian popu-
lations are positive for a cancer promot-
ing effect of this polymorphism, while
the data from Caucasian populations are
more conflicting.??? The presence of the
SNP309G counteracting SNP285C vari-
ant among ~8% of western Caucasians
(i.e., ~12% of the SNP309G alleles) may
have affected the conclusions of case-
control studies performed on Caucasian
populations so far. It may well be that
the studies performed on the SNP285C-
free Asian cohorts represent the “true”
effect of SNP309G, while studies in
western Europe need to be “corrected”
for SNP285 status, in order to reveal the
impact of SNP309G on cancer risk in
these populations.
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Conclusion

In conclusion, contrasting the previously
described mechanisms of MDM2 hyper-
activation, the SNPs in promoter P2 link
transcriptional regulation of this gene to
SNP285C

reduces the risk of three major female

tumorigenesis. significantly

cancers and may have confounded case-
control studies of SNP309 in Caucasians.
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