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Abstract
Purpose—Mouse double minute 4 (MDM4), a homolog of MDM2, is a key negative regulator
of p53, and its amplification or over-expression contributes to carcinogenesis by inhibiting the p53
tumor suppressor activity. We investigated the association between MDM4 polymorphisms and
risk of squamous cell carcinoma of the head and neck (SCCHN).

Methods—We genotyped three MDM4 tagging polymorphisms, two in the 3′ untranslated region
(3′ UTR: rs11801299G>A and rs10900598G>T) and one in intron 1 (rs1380576C>G), in a case-
control study of 1,075 non-Hispanic white SCCHN patients and 1,084 cancer-free controls and
evaluated their associations with SCCHN risk.

Results—Although none of these three polymorphisms individually had a statistically significant
effect on risk of SCCHN, nor did their combined number of putative risk genotypes (i.e.,
rs11801299GG, rs1380576CG+GG, and rs10900598GG) (OR = 1.16 and 95% CI=0.93–1.45), we
found that individuals with 1–3 risk genotypes had statistically significantly increased risk of
oropharyngeal cancer (OR = 1.32 and 95% CI = 1.00–1.73), particularly for those with T1–2 stage
(OR = 1.40; 95% CI = 1.02–1.94), those with regional lymph node metastases (N1–3) (OR = 1.44;
95% CI = 1.07–1.95), and those with late stages (III and IV) (OR = 1.34; 95% CI = 1.01–1.77).

Conclusion—Our results suggest that the joint effect of MDM4 variants may contribute to the
risk of oropharyngeal cancer in non-Hispanic whites. Additional studies are warranted to unravel
whether the particular stage distribution of oropharyngeal cancer with the strongest association
(T1–2, N1–3, and III–IV) is a possible link with human papillomavirus-related oropharyngeal
cancers.
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Introduction
Squamous cell carcinomas of the head and neck (SCCHN), comprising cancers of the oral
cavity, pharynx, and larynx, is a common cancer worldwide, but the incidence is dropping in
the developed world as smoking prevalence has declined, with the exception of the
oropharyngeal subsite [1]. In the United States, there were estimated 49,260 new cases of
SCCHN and an estimated 11,480 deaths from the disease in 2010 [2]. Although tobacco
smoking and alcohol use are well-established etiologic factors for SCCHN, only a small
fraction of smokers develop SCCHN. Additionally, the oropharyngeal subsite of SCCHN
appears strongly associated with human papillomavirus (HPV) [3, 4], and similarly it would
appear that while many are exposed to HPV few ever develop oropharyngeal cancer. These
discrepancies between the numbers exposed and the numbers ultimately developing cancer
suggest that genetic susceptibility contributes to the etiology of this disease.

The p53 tumor suppressor protein is a key regulator of the cellular response to genotoxic
stresses that include DNA damage, hypoxia, UV light exposure, and oncogene activation.
Under such stresses, p53 become activated and then induce the transcription of genes
involved in DNA repair, cell-cycle arrest, senescence, and apoptosis [5]. The p53 stress-
response pathway has been shown to be crucial in preventing tumor formation, and the p53
protein is dysfunctional in most human solid cancers [6]. Furthermore, HPV oncoproteins
play an important role in head and neck carcinogenesis by disrupting the function of both the
Rb and p53 pathways [7, 8]. The murine double minute protein MDM2 and its homolog
MDM4 are the key regulators of the p53 activity. MDM2 not only binds to and inhibits the
p53 transactivation domain, but also promotes ubiquitin-dependent proteasomal degradation
of p53 by functioning as an E3 ubiquitin ligase [9]. Similarly, MDM4 also directly binds to
the transactivation domain of p53 and inhibits p53 transcriptional activity [10, 11]. Recent
data have shown that MDM4 stabilizes the p53-MDM2 complex and enhances the function
of the E3 ubiquitin ligase of MDM2, accelerating degradation of p53 [12]. Furthermore,
MDM4 can also directly bind to MDM2 and inhibit MDM2 degradation, regulating the role
of MDM2 in inhibiting the p53 activity [13, 14]. The human MDM4 gene, comprising of 11
exons and encoding a protein of 490 amino acids [15] is located on chromosome region
1q32, a region that is frequently amplified in cancer [16, 17]. Indeed, the amplification or
over-expression of the human MDM4 gene has been observed in numerous tumor cell lines
retaining the wild-type p53 and a large subset of human tumors including SCCHN;
Interestingly, many of these human tumors express the will-type p53, indicating that MDM4
may cause p53 inactivation during carcinogenesis [18–20]. For example, Valentin-vega et
al. reported that over-expression of MDM4 was detected in 50% (28/56) of SCCHN, all of
which retained the wild-type p53, suggesting that increased levels of MDM4 may substitute
for p53 mutations in SCCHN and therefore contribute to tumorigenesis [20]. It was also
reported that over-expression of MDM4 was associated with tumor progression and poor
prognosis [21–23]. Taken together, these data suggest that altered MDM4 expression may
play an important role in tumor development.

Although the functions of MDM4 have been well studied, the association between MDM4
polymorphisms and cancer risk has rarely been assessed. Considerable attention has been
focused on the role of MDM2 single nucleotide polymorphisms (SNP), particularly for SNP
309T>G (rs2279744) within the promoter region of MDM2, in cancer risk. The well-known
T to G change of SNP309 results in high levels of MDM2 mRNA and protein, thereby
attenuating the p53 pathway and increasing tumor susceptibility. A number of studies
showed that SNP309 was associated with the risk or the onset age of different types of
cancers, including SCCHN [9, 24–32]. Unlike MDM2, only few studies have investigated
the role of MDM4 SNPs in risk of some types of human cancers [33, 34]. To date, however,
no published study has evaluated the association between MDM4 SNPs and SCCHN risk.
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Therefore, we hypothesized that genetic variants in MDM4 are associated with risk of
SCCHN, and we tested this hypothesis in our ongoing hospital-based case-control study of
SCCHN.

Methods
Patients and controls

The study population included 1,084 patients with newly diagnosed SCCHN between
October 1999 and October 2007, identified at The University of Texas M. D. Anderson
Cancer Center. Patients with second primary tumors, primary tumors of the skin,
nasopharynx, sinonasal tract, or any histopathologic diagnoses other than squamous cell
carcinoma were excluded. All patients were non-Hispanic whites and had not received any
treatment at the time of recruitment. Approximately 93% of the eligible patients contacted
chose to participate in this study. The stages of SCCHN were classified according to the
tumor-node-metastasis (TNM) staging system and were categorized as I, II, III and IV [35].
The regional lymph node (N) involvement was defined as follows [35]: N0, no regional
node metastasis; N1, metastasis in a single ipsilateral lymph node, 3 cm or less in greatest
dimension; N2, metastasis in a single ipsilateral lymph node, more than 3 cm but not more
than 6 cm in greatest dimension; or in multiple ipsilateral lymph nodes, none more than 6
cm in greatest dimension; or in bilateral or contralateral lymph nodes, none more than 6 cm
in greatest dimension; N3, metastasis in a lymph node more than 6 cm in greatest dimension.

This study also included 1,090 cancer-free controls who were recruited in the same period as
the cases and were genetically unrelated visitors or companions of patients seen at The M.
D. Anderson Cancer Center clinics. The cases and controls were frequency matched by age
(± 5 years), sex and ethnicity. The response rate of the eligible controls was approximately
85%.

Having signed a written informed consent during the interview, all subjects enrolled in the
study were interviewed to gather demographic data and history of tobacco and alcohol use.
Each subject donated 30-mL of blood, of which 1 ml was used for genomic DNA extraction
with a DNA blood Mini Kit (Qiagen Inc., Valencia, CA) according to the manufacture’s
instructions. The research protocol was approved by the M.D. Anderson Institutional
Review Board.

Tag SNPs selection and genotyping
We used the public HapMap SNP database (http://www.hapmap.org/) to identify the MDM4
tagging SNPs by using a tagger with a greedy algorithm [36], for which all SNPs either were
directly genotyped or exceeded a threshold level of linkage disequilibrium (LD) value (r2)
with a genotyped SNP. We searched for SNPs of the MDM4 gene within an about 34-kb
region on chromosome 1q32 (i.e., from 202,752,134 bp to 202,786,349 bp) among a
European population (CEPH: Utah residents with ancestry from northern and western
Europe). The tagging SNPs were selected based on their pairwise LD with the r2 threshold
of 0.8 and minor allele frequency (MAF) ≥ 0.10. As a result, we identified three tagging
SNPs (i.e., rs11801299G>A, rs1380576C>G, and rs10900598G>T). The selected tagging
SNPs tagged 40 common SNPs with the mean r2 of 0.98 (Fig. 1A). Among these three
selected SNPs, both rs11801299and rs10900598 are located in the 3′ untranslated region (3′
UTR) of the MDM4 gene, whereas rs1380576 is located in intron 1 of the MDM4 gene (Fig.
1B).

The genotyping was performed using the Applied Biosystems TaqMan genotyping platform
according to the manufacture’s recommendation. Briefly, the reactions were prepared by
using TaqMan Universal Master Mix, 80×SNP Genotyping Assay Mix, Dnase-free water,
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and 10-ng genomic DNA in a final volume of 5 μL per reaction. Both negative and positive
controls and three samples with known genotypes were included in each plate to ensure the
accuracy of the genotyping. The PCR amplification was run, and the plate was read using a
TaqMan 7900 HT sequence detection system (Applied Biosystems). The analyzed
fluorescence results were then auto-called into the genotypes using the built-in SDS2.3
software of the system.

Statistical analysis
We used Chi-square test to evaluate the differences in the frequency distributions of selected
demographic variables, smoking status, alcohol use, and each allele and genotype of the
three MDM4 SNPs between the cases and the controls. Unconditional univariate and
multivariate logistic regression analyses were performed to obtain the crude and adjusted
odds ratios (ORs) and 95% confidence intervals (CIs). The multivariate adjustment included
age, sex, smoking status, and alcohol use. Considering the potential gene-gene interaction of
the MDM4 SNPs on SCCHN risk, the associations between the combined genotypes of the
three SNPs and SCCHN risk were evaluated. The combined genotype data were further
stratified by subgroups of age, sex, smoking status, alcohol use, and primary tumor sites.
Finally, we calculated the false positive report probability (FPRP) for observed statistically
significant associations in a range of prior probabilities, and used a threshold of
noteworthiness of FPRP ≤0.5 in the present study [37]. Two-sided tests of statistical
significance were conducted by using the SAS software (version 9.2; SAS Institute Inc.,
Cary, NC).

Results
In this study, 1,084 SCCHN cases and 1,090 controls of non-Hispanic whites were
genotyped for the selected tagging SNPs, but 9 cases and 11 controls failed in the
genotyping assays, which were excluded from the final analysis that included 1,075 SCCHN
patients and 1,079 controls. Among the 1,075 SCCHN patients, 315 (29.3%) had cancer of
the oral cavity, 546 (50.8%) had cancer of the oropharynx, 171 (15.9%) had cancer of the
hypopharynx, and 43 (4%) had cancer of the larynx.

As shown in Table 1, the cases and controls were adequately frequency-matched by age and
sex: the mean age was 57.1 years old for cases (±11.2 years; range, 18–90 years) and 56.7
years old for controls (±11.0 years; range, 20–87 years) (P = 0.341), and 75.2% of the cases
and 76.6% of the controls were men (P = 0.451). However, there were more current smokers
(37.8%) and current drinkers (51.0%) among the cases than among the controls (14.5 % and
40.4%, respectively), and these differences were statistically significant (P < 0.001). All of
these variables were further adjusted for in the multivariate logistic regression analysis for
any residual confounding effect.

Association between the MDM4 SNPs and SCCHN risk
The genotype frequencies of the three tagging SNPs among the controls were all in
agreement with the Hardy–Weinberg equilibrium (Chi-square test: P = 0.084 for
rs11801299, P = 0.712 for rs1380576, and P = 0.398 for rs10900598). Table 2 summarizes
distributions of genotype and allele frequencies of the three MDM4 SNPs in case patients
and control subjects and their associations with SCCHN risk. No significant difference in
the genotype distributions was found between the cases and the controls (P = 0.557 for
rs11801299, P = 0.453 for rs1380576, and P = 0.827 for rs10900598).

As shown in Table 2, the frequencies of the A allele of rs11801299 and the T allele of
rs10900598 among the cases (0.20 and 0.46, respectively) were slightly lower than those in
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the controls (0.21 and 0.47, respectively); in contrast, the frequency of the G allele of
rs1380576 among the cases (0.33) was slightly higher than those among the controls (0.31),
suggesting that the G alleles of rs11801299, rs10900598, and rs1380576 may be the putative
risk alleles. Although none of the variant genotypes was alone associated with significantly
altered risk, both the A allele of rs11801299 and the T allele of rs10900598 tended to be
associated with non-significantly reduced SCCHN risk (OR = 0.90 and 95% CI = 0.75–1.08
for AG+AA of rs11801299, and OR= 0.94 and 95% CI = 0.77–1.14 for GT+TT of
rs10900598), and the G allele of rs1380576 tended to be associated with non-significantly
increased SCCHN risk (OR = 1.15 and 95% CI = 0.97–1.37 for CG+GG of rs1380576).

Since the three SNPs are not in LD to each other (r2 = 0.23 and D′ = 1.0 for rs11801299 and
rs10900598, r2 = 0.11 and D′ = 1.0 for rs11801299 and rs1380576, r2 = 0.39 and D′ =0.99
for rs10900598 and rs1380576) in the controls (Fig. 1B), we combined their genotypes by
the number of the putative risk genotypes (i.e., rs11801299 GG, rs1380576 CG+GG, and
rs10900598 GG genotypes) to assess their possible combined effects on risk of SCCHN;, the
combined genotypes with 1–3 risk genotypes was associated with non-significantly
increased overall risk of SCCHN (OR = 1.16 and 95% CI=0.93–1.45) (Table 2).

To investigate the possible subgroup effect, we further stratified the combined genotypes of
these three SNPs by subgroups of age, sex, smoking status, alcohol drinking status, and the
primary tumor site. No association was observed in the subgroups of age, sex, smoking and
drinking status (never vs. ever) (Table 3). However, we found that the combined 1–3
genotypes was associated with a statistically significantly increased risk of oropharyngeal
cancer (OR = 1.32 and 95% CI = 1.00–1.73) but for not other tumor sites (Table 4).

Association between the MDM4 combined genotypes and stages at presentation of
oropharyngeal cancer

Because the risk associated with the combined 1–3 risk genotypes was more pronounced in
oropharyngeal cancer, we then evaluated whether these SNPs were associated with a
particular stage at presentation of oropharyngeal cancer. As shown in Table 5, we found that
the combined 1–3 risk genotypes were associated with a statistically significantly increased
risk of late-stage (III and IV) oropharyngeal cancer (OR = 1.34; 95% CI = 1.01–1.77) but
not with that of early-stage (I and II) oropharyngeal cancer (OR = 1.13; 95% CI = 0.54–
2.39), compared with the combined genotype with 0 risk genotype; Furthermore, the
combined 1–3 risk genotypes were associated with a statistically significantly increased risk
of oropharyngeal cancer with T1–2 stage (OR = 1.40; 95% CI = 1.02–1.94) and regional
lymph-node metastasis (N1–3) (OR = 1.44; 95% CI = 1.07–1.95) but not with that of
oropharyngeal cancer with T3–4 stage (OR = 1.16; 95% CI = 0.78–1.73) and without
regional lymph-node metastasis (OR = 0.86; 95% CI = 0.51–1.44), respectively. Similar
results were not observed for cancers of the oral cavity and larynx / hypopharynx (data not
shown). Furthermore, we did not observe any effect of the variant alleles or putative risk
genotypes on the age of disease onset either in SCCHN or in oropharyngeal cancer (data
not shown).

Finally, because multiple tests had been performed, we estimated the false positive reporting
probability (FPRP) for all the statistically significant results of oropharyngeal cancer. As
shown in Table 6, with the assumption of a moderate prior probability of 0.1 and the
observed ORs or an expected OR of 1.5, the FPRPs for all of the above–mentioned
significant results were below the threshold of 0.5.
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Discussion
To the best of our knowledge, this is the first study aimed at evaluating whether tagging
SNPs in MDM4 have any impact on the overall risk of SCCHN. Although we did not find
any significant main effect of each MDM4 tagging SNP on risk of SCCHN, we found
statistical evidence of a joint effect of three MDM4 tagging SNPs on risk of oropharyngeal
cancer. Given the role of MDM4 as a key inhibitor of p53, it is biologically plausible that
the MDM4 SNPs may collectively modulate risk of oropharyngeal cancer.

The p53 pathway can be functionally inactivated in human cancer through either
amplification or over-expression of MDM4 that directly binds to the p53 transactivation
domain and thus inhibits its activity. As a key negative regulator of p53, it is conceivable
that MDM4 may play an important role in tumor formation and growth, because increased
levels of MDM4 inhibit the protective functions of p53 and thus could lead to oncogenesis.
Terizian et al. recently demonstrated that haplo-insufficiency of MDM4 loci leads to an
increased p53 activity, also exhibiting an increased sensitivity to DNA damage, decreased
transformation potential, and reduced tumorigenesis [38]. These data suggested that genetic
changes in MDM4 could alter the levels of MDM4 and thus affect the p53 pathway and
subsequent development of cancers [33].

To date, very few association studies have been conducted to evaluate the roles of MDM4
SNPs in cancer risk. Recently, Atwal et al. investigated the association between MDM4
SNPs and breast and ovarian cancer risk [33] in which they found that the minor alleles of
MDM4 SNPs rs10900594, rs2369244, and rs12039454 were associated with a greater risk of
developing breast cancer in three independent Ashkenazi Jewish (AJ) case/control
populations. They also demonstrated that the minor allele of another SNP rs1563828 in
MDM4 was associated with an earlier age of onset in both of familial and sporadic ovarian
cancers in the Caucasian case/control populations. These results suggested that MDM4
variants may contribute to human breast and ovarian cancers. In another independent US
study, the variant allele of rs1563828 was found to be associated with an earlier age of onset
of estrogen receptor (ER)-negative breast cancer but not with that of ER positive breast
cancer [34]. It is worth noting that all the above-mentioned SNPs in these two published
studies are tagged by our selected tagging SNP rs1380576 with r2 = 1.0 and D′=1 in the
European CEU samples used in the Haplotype Mapping Project (HapMap) (Fig. 1). In
particular, with a mean r2 of 0.98, the tagging SNP rs1380576 tags 8 out of 10 SNPs used
for characterizing the haplotype structure of MDM4 locus in three different populations in
the Atwal’s study [33]. The pair-wise correlation estimates (r2) among these 10 SNPs in the
CEU populations seem somewhat different between the Atwal’s report and ours, which may
result from different sample sizes of the CEU study populations. In the study of Atwal et al.,
the pair-wise correction statistics D′ and r2 among the ten SNPs were determined in 38
Coriell Caucasians, whereas in our study, the statistics D′ and r2 amongthoseSNPs were
obtained from 60 Europeans (CEPH: Utah residents with ancestry from northern and
western Europe) used in the HapMap SNP database available publicly
(http://www.hapmap.org/).

In the present study, we found that the frequencies of the minor A allele of rs11801299 and
the minor T allele of rs10900598 among the cases (0.20 and 0.46, respectively) were slightly
lower than those in the controls (0.21 and 0.47, respectively), and the ORs had the same
trends at less than 1 for both heterozygous and homozygous variant genotypes for these two
SNPs compared with the corresponding wild genotypes; in contrast, the frequency of the
minor G allele of rs1380576 among the cases (0.33) was slightly higher than those among
the controls (0.31), and the ORs had the same trend at greater than 1 for both heterozygous
and homozygous variant genotypes compared with the wild genotype, suggesting that the
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major G alleles of rs11801299 and rs10900598, and the minor G allele of rs1380576 may be
the putative risk alleles in ourthe study population. Although we did not find any main effect
on the overall risk of SCCHN, nor on the age of disease onset, we did find that those who
carried the 1–3 combined risk genotypes (i.e., rs11801299 GG, rs10900598 GG, and
rs1380576 CG+GG under a dominant genetic model) appeared to have an increased risk of
oropharyngeal cancer, particularly in the late stages (III and IV) and for those with early
primaries (T1–2 stages) but with advanced nodal staging (N1–3 stages). Since the apparent
discrepancy of early primary but advanced nodal stage is the classic stage at the presentation
for HPV-related oropharyngeal cancer [39–41], our findings suggest a possible association
between these tagging SNPs in MDM4 and risk of HPV-related oropharyngeal cancer.

It has been recognized that SNPs in the 3′ UTR or introns of a gene can influence alternative
splicing events, mRNA stability or protein translation, thereby resulting in altered functions
of the gene [42–45]. In addition to the full-length mRNA, several transcript variants of
MDM4 have been identified, most of which were derived from a gene splicing process [21,
46]. MDM4-S is one of the shorter isoforms, which is functionally more efficient than full-
length MDM4 in binding and inhibiting p53-induced transcription [47]. Human MDM4 gene
amplification or over-expression of human MDM4-S mRNA splice variant was observed in
malignant gliomas, papillary thyroid tumors, and soft tissue sarcomas with the expression of
the splice variant being associated with an unfavorable prognosis [21, 22, 48, 49]. MDM4-G
and MDM4-211 are other two isoforms that attribute to the stabilization of MDM2 levels
[46, 50]. Two (i.e., rs11801299 and rs10900598) of the three SNPs we studied are located in
the 3′-UTR, whereas the third, rs1380576, is in the first intron. Therefore, it is possible that
these three SNPs in MDM4 or other untyped functional ones in linkage with them may
promote expression of one of the shorter isoforms of MDM4 with more efficient binding to
p53 or MDM2, thereby attenuating the p53 tumor suppressor pathway and leading to
tumorigenesis in humans. In addition, HPV16, which encodes E6 and E7 oncoproteins, is
the most common type in HPV-positive oropharyngeal cancer [3, 4, 41]. It has been shown
that HPV16 E6 binds to p53 and targets it for degradation by proteasome [7, 8]. Hence, we
postulate that HPV16 E6 and MDM4 oncoproteins may act synergistically in development
of HPV-positive oropharyngeal cancer through the common pathways that cause p53
degradation. However, these hypotheses need to be tested by further functional studies.

The FPRP analysis showed that with the assumption of a prior probability of 0.1, the FPRP
values for the statistically significant findings in risk of oropharyngeal cancer were below
0.5, providing some measures of robustness for our observations. The FPRP is used to
separate noteworthy discoveries from spurious reports [37]. However, it should be noted that
the FPRP approach has limitations. One potential limitation of the FPRP approach is that it
assigns a prior probability and yields the posterior probability of the null hypothesis given a
significant report [37]. Furthermore, it can yield inferential errors and generate false-positive
results [51]. Hence, our findings in the risk of oropharyngeal cancer should be interpreted
with caution and replicated in large studies in other study populations.

As in all other case-control studies, our study has some limitations. Firstly, we had included
only non-Hispanic white subjects in the study, and the result might not be generalizable to
other ethnic populations. Secondly, because our study was hospital-based case-control study,
an uncontrolled selection bias may exist. Thus, it is possible that our findings could be due
to chance. However, in our study, cases were well matched to controls on age and sex, and
the inadequacy in matching on smoking and alcohol exposure was further controlled by
additional adjustment in multivariate analysis, which might minimize the influence of
selection bias. Finally, HPV is another etiologic factor, in addition to tobacco and alcohol,
for SCCHN, especially for oropharyngeal cancer [52, 53]. However, when we evaluated the
modification effects of MDM4 variants on the risk of SCCHN / oropharyngeal cancer, HPV
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status was not taken into account because HPV16 serological status was available only for a
few samples (procured between October 1999 and October 2007) overlapping with that of a
previously published study using samples procured between May 1996 and May 2002 [54],
which did not allow us to formally analyze the effect of interaction between the MDM4
genetic variants and HPV exposure on the risk of SCCHN. This analysis will be performed
in our future expanded studies.

In summary, we have genotyped three tagging SNPs (i.e., rs11801299, rs10900598, and
rs1380576) of the MDM4 gene in SCCHN cases and controls, none of which had a main
effect on SCCHN cancer risk. However, given only an expected modest effect size of a
single SNP, evaluating their joint effects may help understand comprehensively the role that
MDM4 SNPs may play in cancer etiology. Indeed, we found that the combined genotypes of
these three tagging SNPs (i.e., rs11801299 GG, rs1380576 CG+GG, and rs10900598 GG)
were significantly associated with risk of oropharyngeal cancer, suggesting that rs11801299,
rs1380576, and rs10900598 SNPs may jointly contribute to the development of
oropharyngeal cancer. However, large studies are required to validate these findings. Further
functional studies on these and/or related variants in MDM4 are warranted to elucidate the
underlying molecular mechanisms of the observed association in our study. Because our
significant findings were limited to oropharyngeal cancer, a disease that has a more complex
etiology than cancers of the oral cavity and larynx / hypopharynx, it is possible that MDM4
SNPs are particularly important for the risk of HPV associated oropharyngeal cancer.
Additional follow-up studies are underway in our laboratory to explore these questions.
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Fig. 1.
(A) The linkage disequilibrium structure of 40 common SNPs across the MDM4 region
(chr1: 202,752,134 to 202,786,349) tagged by the 3 selected tagging SNPs among a
European population (http://www.hapmap.org/). The matrix indicates the r2 value between
each pair of SNPs. The darker, the stronger r2, with dark black representing r2 = 1 and pure
white representing r2 = 0. (B) Gene structure of human MDM4, location of the three tagging
SNPs in MDM4, and the linkage disequilibrium structure of the 3 selected tagging SNPs in
1,079 controls. The matrix indicates the r2 value between each pair of SNPs. (C) Selected
tagging SNPs and SNPs tagged by the tagging SNPs.
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Table 1

Demographic characteristics of SCCHN cases and cancer-free controls

Variables
Cases Controls

P valuea
No. (%) No. (%)

All subjects 1,075 (100%) 1,079 (100%)

Age (years) 0.559

 Mean 57.1 ± 11.2 56.7 ± 11.0

 ≤ 45 153 (14.2) 170 (15.7)

 46–60 525 (48.8) 523 (48.5)

 >60 397 (36.9) 386 (35.8)

Sex 0.451

 Male 808 (75.2) 826 (76.5)

 Female 267 (24.8) 253 (23.5)

Smoking Status <0.0001

 Never 299 (27.8) 526 (48.8)

 Former 370 (34.4) 396 (36.7)

 Current 406 (37.8) 157 (14.5)

Alcohol use <0.0001

 Never 294 (27.3) 468 (43.4)

 Former 233 (21.7) 175 (16.2)

 Current 548 (51.0) 436 (40.4)

a
Two-sided Chi-square test.
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Table 5

Association of the combined genotypes of MDM4 polymorphisms with stage at presentation of oropharyngeal
cancer

Combined genotypes (no. of risk
genotypes)a

T1–2 T3–4

Case (%) / Control (%) OR (95% CI)b Case (%) / Control (%) OR (95% CI)b

 0 58 (16.1) / 228 (21.1) 1.00 35 (18.8) / 228 (21.1) 1.00

 1–3 302 (83.9) / 851 (78.9) 1.40 (1.02–1.94) 151 (81.2) / 851 (78.9) 1.16 (0.78–1.73)

Combined genotypes (no. of risk genotypes)a No regional lymph nodes metastasis (N0) Involvement of regional lymph nodes (N1–3)

Case (%) / Control (%) OR (95% CI)b Case (%) / Control (%) OR (95% CI)b

 0 21 (23.9) / 228 (21.1) 1.00 72 (15.7) / 228 (21.1) 1.00

 1–3 67 (76.1) / 851 (78.9) 0.86 (0.51–1.44) 386 (84.3) / 851 (78.9) 1.44 (1.07–1.95)

Combined genotypes (no. of risk genotypes)a Stage I–II Stage III–IV

Case (%) / Control (%) OR (95% CI)b Case (%) / Control (%) OR (95% CI)b

 0 9 (19.2) / 228 (21.1) 1.00 84 (16.8) / 228 (21.1) 1.00

 1–3 38 (80.8) / 851 (78.9) 1.13 (0.54– 2.39) 415 (83.2) / 851(78.9) 1.34 (1.01–1.77)

a
This represents the number of risk genotypes used in the calculation: rs11801299GG, rs1380576CG+CC, and rs10900598GG.

b
Adjusted for age, sex, smoking status, and alcohol use in a logistic regression model.
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