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Abstract
Driven by findings that human papillomavirus (HPV)-induced degradation of p53 differs by a
TP53 polymorphism at codon 72 (Pro72Arg), past studies of TP53 genetic variants and cervical
cancer have focused on this nonsynonymous polymorphism, with mixed results. We analyzed
common single nucleotide polymorphisms (SNPs) across the TP53 locus in a population-based
nested case-control study in Guanacaste, Costa Rica. We evaluated 11 SNPs, including Pro72Arg
(rs1042522), among 1,281 women: 465 with cervical intraepithelial neoplasia grade 3/cancer (CIN3
+), 380 with HPV persistence (median: 25 months), and 436 random population controls. We
combined HPV persistence and CIN3+ into one case group because they did not differ in TP53
genotypic frequencies and calculated odds ratios (OR) and 95%confidence intervals (CI) for
individual SNPs and inferred haplotypes. We observed that proline at codon 72 was associated with
increased risk of CIN3+/persistence compared to population controls. Relative to GG (Arg), the CG
(Pro/Arg) and CC (Pro) genotypes had a 1.3-fold (95% CI, 0.99–1.6) and 1.8-fold (95% CI, 1.2–2.7)
increased risk, respectively (p-trend<0.01). rs12951053 and rs1642785 were also associated with
CIN3+/persistence (p-trend, 0.05 and 0.04, respectively), as was a haplotype containing the codon
72 variant (rs1042522), rs12951053, rs1642785, and rs12947788 (OR, 1.6; 95% CI, 1.1–2.3 versus
the most common haplotype, which comprised the major alleles for all 11 SNPs). Although genetic
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variation in TP53 might affect the natural history of HPV and cervical cancer, further work is needed
to elucidate the possible mechanism.
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Introduction
The TP53 gene encodes the p53 protein, which is involved in a series of pathways, such as
apoptosis, transcription, DNA repair, maintenance of genomic stability, and cell cycle control
(1). Human papillomavirus (HPV) specifically targets p53, along with phosphorylated Rb and
other proteins, in order to maintain a cellular environment that promotes viral replication (2).
By disrupting normal cell cycle control, HPV may establish persistent infection, a key step in
cervical carcinogenesis (3,4).

Polymorphisms in the TP53 gene have been hypothesized to modify the conformation of the
p53 protein, affecting the ability of HPV to bind and degrade p53 and thus potentially acting
early in cervical carcinogenesis. In particular, most studies have examined a common
nonsynonymous SNP at codon 72, which results in a shift from arginine to proline. An initial
laboratory study suggested that the HPV16 E6 protein was better able to degrade p53 containing
arginine [G] at codon 72 than TP53 containing proline [C] at that position (5), prompting
several epidemiological studies to evaluate the association between this specific polymorphism
and risk of cervical cancer and its precursors. The results of these studies have been conflicting.

A meta-analysis of 45 studies published between 1998 and 2002 suggested that any effect of
TP53 codon 72 polymorphisms is likely to be modest, with a small increased risk associated
with arginine at codon 72 (6). The meta-analysis also found substantial heterogeneity between
the estimates from these studies. Some of this heterogeneity was attributable to study
populations with genotypic distributions that departed from Hardy-Weinberg equilibrium,
which may suggest problems with genotyping/laboratory methods or study design (7,8).

Our previous study across three populations found no evidence that arginine at TP53 codon 72
increased risk of cervical cancer or its precursors (9). In fact, there was a trend toward increased
risk of disease associated with proline at codon 72. Other studies have also found increased
risk associated with proline at codon 72 (10–12).

To our knowledge, no studies to date have evaluated both multiple TP53 polymorphisms and
TP53 haplotypes and risk of cervical cancer and its precursors. An expanded analysis of
TP53 polymorphisms may add insight since other SNPs in addition to that at codon 72 might
also affect amino acid change. To address this gap, we extended our previous study by
expanding the number of individuals evaluated and by evaluating a set of 11 SNPs (including
the SNP that defines the codon 72 polymorphism) to determine whether TP53 codon 72 or
other single nucleotide polymorphisms (SNPs) and/or haplotypes are associated with cervical
cancer or its precursors within our population-based cohort study in Guanacaste, Costa Rica.

Materials and Methods
Study Population

The present study used a population-based cohort in Guanacaste, Costa Rica, where 10,049
women were recruited in 1993-4 and followed for seven years either actively at six-month to
one-year intervals or passively, depending on risk of developing cervical intraepithelial
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neoplasia (CIN) grade 2 or higher (13,14). Cervical samples were collected for HPV testing
as previously described (13,14). Human genetic material came from buffy coat specimens. We
selected from the population-based cohort all women with histologically confirmed prevalent
or incident cervical intraepithelial neoplasia grade 3 or cancer (CIN3+) (n=185); women with
type-specific HPV persistence, defined as positivity for the same HPV type at two or more
consecutive visits (n=432) (median length of persistence: 25 months, range: 5–93 months);
and a random selection of controls with <CIN2 who were either HPV negative or had non-
persistent HPV (n=492). Women with CIN2 and without persistent HPV were excluded
because CIN2 has poor reproducibility (15) and many CIN2 cases regress (16). Women with
CIN2 who also had type-specific HPV persistence were included in the persistent HPV group.

Because the original cohort was a true random sample of the Guanacaste population, they arose
from the same source population as cases included in the Costa Rican National Tumor Registry
and National Cytology Laboratory. Thus, we identified 448 additional CIN3+ cases from
Guanacaste who were not in the cohort but were diagnosed with CIN3+ from June 1993 through
December 1994 by retrieving and reviewing pathology records. Of these, 56 (13%) were
deceased, 18 refused (4%), 39 (8%) could not be found, 4 (1%) did not have linkable data, and
4 (1%) were sick or pregnant, leaving 327 supplemental cases (73%) who agreed to participate
and gave 20 mL of peripheral blood. The supplemental cases were genotypically similar to the
cohort cases (data not shown), and thus could be combined. Both NCI and Costa Rica
Institutional Review Boards approved the study.

Laboratory Methods
DNA extraction—The PureGene purification kits/Autopure protocol (Gentra Systems) was
used to extract DNA from the buffy coats at the University of Costa Rica in San Jose.

HPV testing—In the Guanacaste cohort study, cervical specimens were collected with a
Cervex (Rovers, The Netherlands) cervix brush and stored in specimen transport medium
(STM, Digene, Gaithersburg, MD). All specimens were tested for HPV DNA by PCR using a
MY09/MY11 primer system (13,14,17,18). Cervical specimens, and thus HPV testing results,
were not available for supplemental cases.

TP53 Genotyping—Among the women selected from the cohort study, 454/492 (92%)
random controls, 390/432 (90%) women with persistent HPV infection, and 149/185 (81%)
CIN3+ cases had sufficient DNA for genotyping, along with 322/448 (72%) of the initially
identified supplemental CIN3+ cases. We evaluated 11 SNPs by genotype assays across the
TP53 gene that were developed using the SNP500Cancer data set, which includes 23
individuals of self-described Hispanic background as well as 79 individuals of African,
Caucasian, and Pacific Rim 1. All SNPs were synonymous except the SNP at codon 72.
Genotype assays were performed at the National Cancer Institute Core Genotyping Facility
(Gaithersburg, MD) using Taqman (Foster City, CA) or Epoch (Bothell, WA) platforms with
the sequence data and assay conditions 1. Previously, extensive resequence analysis had been
performed on 23 Hispanic individuals from the SNP500Cancer project. The 11 SNPs that were
genotyped as a part of this project tag 10 of a total of 12 bins in the 23 Hispanic individuals.
These SNPs span the TP53 gene from the beginning of the first intron to the end of exon 11.

We interspersed blinded duplicate samples from 100 participants throughout all assays for
quality control (QC). All assays had ≥99% agreement between QC duplicates. Each plate also
included genotype-specific QC samples of homozygote wild-type (WT), heterozygote,

1http://snp500Cancer.nci.nih.gov. Packer BR, Yeager M, Burdett L, et al. SNP500Cancer: a public resource for sequence validation,
assay development, and frequency analysis for genetic variation in candidate genes. Nucleic Acids Res 2006;34:D617-21.
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homozygote variant, and DNA-negative controls. Genotyping was successful for 96% to 100%
of DNA samples for all SNPs. For the controls, none of the SNPs demonstrated a deviation
from fitness for Hardy-Weinberg proportion. Sixty-four percent of the TP53 SNPs had p>0.2,
and the lowest p value was 0.06 for rs2909430 with 350 observed AA, 88 AG, and 1 GG
genotypes and 353.61 expected AA, 80.77 AG, and 4.61 GG genotypes.

Final analytic population—We analyzed genotyping results from a total of 465 CIN3+
cases, 380 women with persistent HPV infection, and 436 random controls.

Statistical Analysis
Gene-disease associations—We used the most frequent homozygous genotype as
referent for each genotype. Given that we found no differences in the genotype distribution for
CIN3+ cases compared to women with persistent HPV (Table 1), we combined CIN3+ and
persistent HPV into one outcome. We also conducted a sensitivity analysis restricting to women
with type-specific infections lasting 2 or more years and found no notable differences. Odds
ratios (OR) and 95% confidence intervals (95% CI) for CIN3+ cases only compared to random
controls and for women with persistent HPV compared to random controls are provided in
Supplemental Table 1. In an additional sensitivity analysis, we restricted analyses of women
with CIN3+/persistence versus random controls to women in the Guanacaste cohort, excluding
supplemental cases (Supplemental Table 2). The distribution of TP53 genotypes was not
associated with cohort versus supplemental case status (data not shown).

We used unconditional logistic regression with SAS version 8.2 (SAS Institute, Cary, NC) for
crude analyses, age-adjusted analyses using tertiles of <30, 30–49, 50+ years, and p-trend
analyses based on the three-level ordinal variable (0, 1, and 2) of homozygote common type,
heterozygote, and homozygote variant. We also conducted analyses restricted to oncogenic
HPV (16,18,31,33, 35, 39, 45, 51, 52, 56, 58, 59, 68) (n=249), HPV16 (n=62), and HPV18
(n=22) among women with persistent HPV infection and random controls. All CIN3+ cases
were included in the oncogenic HPV analysis since oncogenic HPV has been shown to be
present in nearly all CIN3+ (4), although only CIN3+ cases with HPV16 (n=55) or HPV18
(n=13) were included in additional analyses that restricted on these individual types.

Haplotype analysis—We examined haplotype structures defined by the genotyping of the
11 TP53 SNPs using Haploview version 3.11 (19), as well as an expectation-maximization
algorithm to find the maximum-likelihood estimate (20). We assessed overall differences in
haplotype distribution between CIN3+/persistent HPV cases and controls using the global
score test (21) from the HaploStats program in R (version 2.0.1) (22). This program estimates
additive risk estimates by fitting a logistic regression model using the posterior probabilities
of the haplotypes as weights to estimate the regression coefficients in an iterative manner
(21), adjusting for age.

To evaluate the potential for false-positive findings due to chance, we calculated the false
discovery rate (FDR) using the Benjamini-Hochberg method (23), which provides the expected
ratio of false-positive findings to the total number of significant findings. We applied the FDR
method to the p-trend tests of the risk with each additional variant allele using both p < 0.05
and p < 0.20, as has been recommended for assessing the probability of false positives (24).

Results
Three common SNPs in TP53 were associated with risk of CIN3+ or HPV persistence
compared to population controls (Table 2). In particular, rs12951053, rs1042522 (codon 72),
and rs1642785 polymorphisms demonstrated increased risk for CIN3+/HPV persistence for
each additional variant allele with p-trends of 0.05, 0.002, and 0.04, respectively. Specifically
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for rs1042522 (codon 72), the CG and CC genotypes (proline) conferred a 1.3-fold to 1.8-fold
increased risk in CIN3+/HPV persistence compared to the common GG genotype (arginine).
Findings were similar comparing CIN3+ alone to random population controls (Supplemental
Table 1), comparing HPV persistence to random population controls (Supplemental Table 1),
and restricting to women in the Guanacaste cohort (Supplemental Table 2), although the
estimates were more precise in the combined analyses with the increased sample size (Table
2). Using p < 0.05, only rs1042522 (codon 72) remains significant after applying the FDR, but
all three polymorphisms remained significant using p < 0.20.

Table 3 presents associations with selected combinations of the 11 TP53 polymorphisms that
were genotyped, rather than with each individual SNP. The haplotype with variant alleles for
rs12951053, rs12947788, rs1042522 (codon 72), and rs1642785 conferred one of the highest
risk estimates for CIN3+/persistent HPV (ORA-C-C-G-T-G-A-T-C-C-G, 1.6; 95% CI, 1.1–2.3),
supporting the individual SNP results for rs12951053, rs1642785, and in particular, the G to
C change in rs1042522 (codon 72). The R2 between the codon 72 polymorphism and the variant
alleles for rs12951053, rs12947788, and rs1642785 were 0.28, 0.28, and 0.75, respectively.
The codon 72 change was also prominent in another haplotype with a similar magnitude of
effect (ORA-C-C-T-C-A-G-T-C-C-G, 1.7; 95% CI, 0.97–2.9). Interestingly, the three haplotypes
with the highest ORs all include both the G to C change in rs1042522 (codon 72) and the G to
C change in rs1642785 (Table 3), which is the nearest SNP from rs1042522 (codon 72). Some
haplotypes with the rs1042522 (codon 72) and rs1642785 G to C change do not show increased
risk (e.g., ORA-C-C-T-C-G-A-C-C-C-A, 0.98; 95% CI, 0.46–2.1), which is also true for the
haplotype with only the rs1042522 (codon 72) G to C change (ORA-C-C-T-C-G-A-T-C-G-G, 1.0;
95% CI, 0.50–2.2). However, the prevalence of these haplotypes is low. Thus, power may be
limited for these haplotypes.

Analyses restricted by HPV type further support the association between proline at codon 72
(rs1042522) and increased risk of CIN3+/HPV persistence (Table 4). Although rs12951053,
rs1042522 (codon 72), and rs1642785 were associated with both oncogenic and non-oncogenic
CIN3+/HPV persistence, the associations were more pronounced when restricted to oncogenic
HPV. We had limited numbers of cases and controls for HPV16- and 18-specific analyses.
However, the results similarly support an increased risk related to the presence of at least one
allele with proline at codon 72.

Discussion
We observed modest associations between TP53 polymorphisms and CIN3+/persistent HPV
in a Latin American population. These results may suggest that TP53 polymorphisms affect
both CIN3+ and persistent HPV infection. SNP associations were strengthened when restricted
to women with detectable oncogenic HPV infections. The strongest effect was observed for
codon 72 polymorphism, with proline at that position conferring risk (OR, 1.3; 95% CI, 0.99–
1.6 for heterozygotes and OR, 1.8; 95% CI, 1.2–2.7 for homozygotes). The haplotype with the
strongest risk estimate also included this nonsynonymous SNP. Thus, in our population we
found that proline, not arginine, at codon 72 was associated with increased risk of CIN3+ and
HPV persistence.

We also found evidence that additional DNA sequences in the TP53 gene may affect risk of
CIN3+ and HPV persistence. For example, rs12951053 and rs1642785 were associated with
increased risk of CIN3+/HPV persistence for each additional variant allele (p-trend 0.05 and
0.04, respectively). Although we did not see a more pronounced effect affect for haplotypes
including the codon 72 polymorphism compared the codon 72 variant alone, we do note that
one haplotype produced a similar increase in risk and also included polymorphism in
rs12951053, rs12947788, and rs1642785. The codon 72 polymorphism was moderately
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correlated with rs1642785 but uncorrelated with rs12951053 and rs12947788. The three
strongest haplotype ORs all included G to C changes in both rs1042522 and rs1642785.

The hypothesis that the genetic variation flanking codon 72 could affect the structure of p53
is not new. For example, Li et al found that E6 could only degrade p53 if the protein included
amino acids 66 to 326 (25). It is also possible that proline at codon 72 is not the susceptibility
allele but instead marks a haplotype in linkage disequilibrium with the true susceptibility allele,
or that proline at codon 72 is the susceptibility allele and that the SNPs surrounding it are
markers for that allele. The laboratory evidence supporting arginine at codon 72 as the
susceptibility allele is mixed since the HPV E6 oncoprotein was better able to degrade p53
with arginine at position 72 than with proline in transfected Saos-2 cells but the rate of E6-
mediated degradation of p53Pro and p53Arg was the same when the two proteins were tested
in vitro (5).

If either multiple alleles affect susceptibility or codon 72 is only a marker for the actual
susceptibility allele, it is reasonable to expect variation across populations with different ethnic
backgrounds. Notably, there is substantial variation of the distribution of TP53 codon 72
polymorphisms across populations (26,27). Further, haplotype structures within TP53 have
also been shown to vary between ethnic groups (28). Meta-analysis has demonstrated
substantial heterogeneity in results from different studies of TP53 codon 72 and cervical cancer,
including ORs both above and below 1.0 (6). While this inconsistency across studies might
reflect a lack of true association, it is also plausible that some of the heterogeneity may be due
to differential haplotypic structure of TP53 codon 72 polymorphisms in different study
populations with different ethnic backgrounds. In fact, some meta-analytic data suggest that
the association between TP53 codon 72 polymorphism and invasive cervical cancer varies by
country, with some countries showing a decreased risk of cervical cancer with homozygous
arginine versus homozygous proline (29,30). These results could potentially reflect differences
affecting p53 protein structure in TP53 haplotypes across populations with different ethnic
backgrounds. In addition, the distribution of HPV types and variants, which can vary by
population (31,32), may be important since the initial laboratory study suggested a stronger
effect for HPV-18 E6 than HPV-16 E6 (5).

Bias may also help account for the heterogeneity between studies. One meta-analysis found
that the most important study characteristic accounting for heterogeneity was whether the
controls were in Hardy-Weinberg equilibrium, with studies in which controls were out of
Hardy-Weinberg equilibrium producing higher ORs (6). Lack of fitness for Hardy-Weinberg
proportion can indicate genotyping errors (7,8) and/or study design that might lead to falsely
elevated results. This meta-analysis also found evidence of funnel plot asymmetry (6), which
can be due to publication bias, random error, or study characteristics associated with sample
size (33). Thus, it is possible that some null or inverse findings were not reported since they
were contradictory to the initial laboratory finding, that results reflected random error due to
small study sizes, or that lack of Hardy-Weinberg equilibrium was associated with sample size.
In our well-powered study, none of the TP53 SNPs deviated from fitness for Hardy-Weinberg
proportion, and our results support and expand on that of our previous study (9).

This study has limitations. Supplemental cases diagnosed outside the Guanacaste cohort were
retrospectively ascertained and DNA could not be obtained for deceased cases, which might
have introduced survival bias. However, it is unlikely that survival would differ by TP53 status.
Although there is extensive a priori evidence for the comprehensive evaluation of TP53, we
cannot exclude the possibility that some of our results are false positives or false negatives
given the number of comparisons we made. However, it is encouraging that all three associated
SNPs had FDR p-trend values below our a priori notable threshold of 0.2 after taking into
account all SNPs tested. Finally, we may have missed associations if the 11 SNPs that we
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evaluated did not provide adequate coverage of the TP53 gene. Even so, this study is to our
knowledge the first to evaluate risk of CIN3+/HPV persistence associated with polymorphisms
across the TP53 gene and the first to identify associations between TP53 polymorphisms and
HPV persistence in addition to CIN3+. In addition, the study design is stronger than that of
many previous studies since it is population-based. It is one of the largest studies to date and
includes more cancers than previously reviewed studies of the codon 72 polymorphism (6).
While other study results might be influenced by socioeconomic status due to differential
access to health care, our cohort is not affected by this bias, and the results from the cohort
alone support the results of the analyses that included supplemental cases. Our analysis also
avoids the potential for substantial outcome misclassification by excluding women with CIN2
who did not have persistent HPV infection from both case and control groups. While not a true
validation of our previous study (9) given the overlap in study populations, these results support
and expand upon our earlier results.

In conclusion, we found that three common SNPS inTP53 were associated with increased risk
of CIN3+ and HPV persistence and that the strongest risk was for the proline allele at codon
72, rather than arginine. Our haplotype analyses support these findings and provide evidence
that additional variants in linkage disequilibrium with the codon 72 SNP could influence risk.
These combinations may vary by ethnicity and may help explain the disparity between our
results and those of other studies, although it is also possible that there is no true association.
Given the differences in the genetic structure of TP53 by ethnic groups, combined with the
inconsistent results from epidemiological studies to date, any future epidemiologic studies of
this topic should evaluate TP53-disease associations by haplotypes across ethnic groups.

Supplementary Material
Refer to Web version on PubMed Central for supplementary material.
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Table 4
ORs (95% CI)* for TP53 polymorphisms in CIN3+/persistent HPV cases†

compared to random controls, stratified by HPV type (oncogenic HPV, HPV16,
HPV18, and non-oncogenic HPV) and adjusted for age.

HPV type
TP53 Polymorphism Oncogenic‡ (599 cases/74

controls)
HPV16 (96 cases/21

controls)
HPV18 (27 cases/8

controls)
Non-oncogenic§ (268 cases/

95 controls)

rs12951053
    TT 1.0 1.0 1.0 1.0
    GT 2.1 (1.1–4.1) 0.86 (0.26–2.8) 1.6 (0.26–9.7) 1.4 (0.79–2.5)
    GG NA NA NA 1.5 (0.32'7.5)
 p-trend 0.01 0.95 0.48 0.23
rs1042522 (Pro72Arg)
    GG 1.0 1.0 1.0 1.0
    CG 1.8 (1.1–3.1) 1.2 (0.41–3.3) 6.7 (0.62–72.9) 1.5 (0.92–2.6)
    CC 3.1 (1.1–9.0) 1.5 (0.16–14.3) 1.4 (0.11–17.3) 2.1 (0.85–4.9)
 p-trend 0.01 0.68 0.33 0.04
rs1642785
    GG 1.0 1.0 1.0 1.0
    CG 1.3 (0.78–2.2) 0.33 (0.1–1.1) 3.7 (0.60–23.2) 1.4 (0.85–2.3)
    CC 4.6 (1.1–19.7) 0.68 (0.1–7.0) NA 2.0 (0.77–5.1)
 p-trend 0.03 0.17 0.09 0.08

*
OR, odds ratio. CI, confidence interval. Adjusted for age.

†
All CIN3+ cases were included, regardless of HPV testing.

‡
Oncogenic HPV types included HPV types 16, 18, 31, 33, 35, 39, 45, 51, 52, 56, 58, 59, and 68. HPV testing results were available for 65% of cases.

§
Non-oncogenic HPV types included HPV types 6, 11, 32, 40, 53, 54, 55, 61, 62, 67, 70, 71, 72, AE10 (74 variant), 81, 83, 84, 85, 89.
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