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Abstract
The histone protein family member X (H2AFX) is important in maintaining chromatin structure
and genetic stability. Genetic variants in H2AFX may alter protein functions and thus cancer risk.
In this case-control study, we genotyped four common single nucleotide polymorphisms (i.e.,
−1654A > G [rs643788], −1420G > A [rs8551], and −1187T > C [rs7759] in the H2AFX promoter
region and 1057C > T [rs7350] in the 3′ untranslated region (UTR)) in 467 patients with sporadic
breast cancer and 488 cancer-free controls. All female subjects were non-Hispanic whites aged
≤55 years. We found that significantly increased risk of breast cancer was associated with variant
genotypes in the H2AFX promoter: adjusted odds ratio [OR] = 1.80, 95% confidence interval [CI]
= 1.38–2.34 for −1654AG/GG; OR = 1.40, 95% CI = 1.07–1.83 for −1420GA/AA; and OR =
1.65, 95% CI = 1.26–2.16 for −1187TC/CC. Furthermore, the number of variant alleles in the
promoter haplotypes was associated with increased risks of breast cancer in a dose-response
manner (OR = 6.08, 95% CI = 3.25–11.38; OR = 6.83, 95% CI = 3.83–12.18; and OR = 23.61,
95% CI = 3.95–140.99 for one, two, and three variant alleles, respectively) (Ptrend < 0.0001). Age
at onset of breast cancer significantly decreased as the number of variant alleles increased (Ptrend =
0.024). However, these effects were not observed in the 3′UTR 1057C > T polymorphism.
Therefore, we believe that H2AFX promoter polymorphisms may contribute to the etiology of
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sporadic breast cancer in young non-Hispanic white women. Larger association studies and related
functional studies are warranted to confirm these findings.
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Introduction
In eukaryotes, to form the chromatin, DNA is packaged into nucleosomes, each having ~
146 bp of DNA and four pairs of histone proteins (i.e., H2A, H2B, H3, and H4) that function
in maintaining chromatin structure and genetic stability [1]. Each histone family is encoded
by multigenes [2]. The H2AFX gene (also known as H2AX, H2A.X, and H2A/X; MIM#
601772) is the member X of the H2A family. In humans, H2AFX has been mapped to
chromosome 11q23.2–q23.3 [3,4], a region that is frequently lost in cancer (Mitelman
Database of Chromosome Aberrations in Cancer:
http://cgap.nci.nih.gov/Chromosomes/RecurrentAberrations). H2AFX spans 4 kb, contains
one exon, and encodes a 143-amino acid protein (GenBank: DQ015918, or NM_002105).

H2AFX-deficient cells were found to be highly radio-sensitive and genomically unstable [5]
and unable to form irradiation-induced foci because of impaired recruitment of double-
strand break (DSB) repair proteins, such as NBS1, TP53BP1, and BRCA1 [6]. Mice
deficient for both H2AFX and p53 had genomic instability and enhanced susceptibility to an
early onset of various tumors [7,8]. Further experiments showed that genomic instability and
high radiosensitivity of the cells null for H2AFX could be reversed by transfection with the
wild-type H2AFX [7]. Thus, H2AFX, as a genomic caretaker, is critical for the DSB repair.

Breast cancer, the most common cancer among women in the United States, has an etiologic
association with DSBs [9–11]. Germline mutations in the BRCA1 and BRCA2 genes, which
are involved in the DSB repair, predispose women to an early onset breast cancer, but
mutations in BRCA1 and BRCA2 only contribute to ~5% of all breast cancers, mostly
familial cases [12–14]. Nevertheless, the involvement of these two genes in DNA DSB
repair provides some clue to the etiology of the remaining 95% of breast cancers. Ionizing
radiation and other endogenous factors can cause DSBs [15,16] that could increase risk for
breast cancer [9–11,17]. If any impairment exists in the H2AFX gene, it is possible that
DSBs could not be repaired correctly or efficiently, leading to chromosomal breaks and
genomic instability and thus predisposition to cancer.

H2AFX is highly polymorphic. We genotyped four tagging SNPs in an ongoing breast
cancer case–control study [18] to test the hypothesis that H2AFX polymorphisms are
associated with risk of sporadic breast cancer in women aged ≤55 years.

Materials and methods
Subjects

We capitalized on DNA samples that had been collected between August 1998 and August
2005 in an ongoing study of women ≤55 years old [18–20]. All subjects were non-Hispanic
whites with incident primary breast cancer. These patients had registered and their diseases
had been histopathologically confirmed at the Nellie B. Connally Breast Center at The
University of Texas M. D. Anderson Cancer Center. No patients had treatment prior to
entering the study. Of the 467 cases included in this study, 75 had ductal or lobular
carcinoma in situ, and 392 had invasive carcinoma. According to the American Joint
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Committee on Cancer (AJCC) staging classifications, there were 75 cases of stage 0, 183
cases of stage I, 112 cases of stage IIA, 46 cases of stage IIB, 25 cases of stage IIIA, 6 cases
of stage IIIB, 15 cases of stage IIIC, and 5 cases of stage IV. During the same time period,
488 cancer-free female controls were randomly recruited from among hospital visitors who
were genetically unrelated to the cases or to each other and frequency-matched to the cases
by age (±5 years).

After having signed an informed consent form, subjects were interviewed with a simple
questionnaire to collect information on demographic characteristics, including smoking and
alcohol use. Additional information that was only available for the cases included estrogen
receptor / progesterone receptor expression, menopausal status, age at first full-term
pregnancy, number of live births, use of hormone replacement or oral contraceptives,
weight, height, and education level. Each subject donated a venous blood sample of ~30 mL,
1 mL of which was used for genomic DNA extraction. M. D. Anderson Cancer Center's
institutional review board approved the research protocol.

SNP selection
There were 14 single nucleotide polymorphisms (SNPs) that have been identified in its
genomic region (i.e., from its 5′-flanking promoter region through the end of polyA in 3′
untranslated region [3′UTR]), according to the Environmental Genome Project (EGP) SNP
database of the National Institute of Environmental Health Sciences (NIEHS)
(http://egp.gs.washington.edu, accessed on December 11, 2006). These SNPs have also been
reported in the Genbank dbSNP database (http://www.ncbi.nlm.nih.gov, accessed on
December 11, 2006). Among the reported 14 SNPs, however, only five are common SNPs
(i.e., with a minor allele frequency [MAF] ≥5%), four of these five being in the promoter
region: −1654A > G [rs643788] (1654nt upstream to the initiation translation code ATG),
−1420G > A [rs8551], and −1187T > C [rs7759], and −676T > G [rs2509851]. The fifth is
in the 3′UTR, i.e., 1057C > T [rs7350] (Fig. 1).

On the basis of genotyping data on 90 individuals from the NIEHS EGP-SNP resequencing
database, we further calculated the D′-values and correlation coefficient (r2) for each pair of
these five SNPs and found that the pair of −1187T > C and −676T > G was in complete
linkage disequilibrium (LD) (D′ = 1.00 and r2 = 1.00). Thus, we included only four SNPs
(−1654A > G, −1420G > A, −1187T > C, and 1057C > T) as the tagging SNPs, because
they represented more than 95% of the haplotypes that are derived from all 14 SNPs, with

. Figure 1 also shows the bioinformatics analysis of binding sites where the
promoter SNPs are located.

Genotyping analysis
From each blood sample, the leukocyte cell pellet was obtained from the buffy coat by
centrifuging 1 mL of the whole blood. Genomic DNA was extracted from the cell pellet
using the DNA blood mini kit (Qiagen, Valencia, CA, USA), according to the
manufacturer's instructions. DNA purity and concentrations were determined by
spectrophotometric measurement of absorbance at 260 and 280 nm.

The four H2AFX SNPs were genotyped using the polymerase chain reaction-restriction
fragment length polymorphism (PCR-RFLP) method with the pairs of primers as listed in
Table 1. For −1420G > A, a mismatched G replaced C at −2 bp from the polymorphic site
of the sense primer to create an RsaI restriction site. Similarly, for 1057C > T, a mismatched
TG replaced AA at +4 to +5 bp from the polymorphic site of the antisense primer to create a
BclI restriction site. Polymerase chain reactions were performed with a PTC-200 DNA
Engine Peltier thermal cycler (formerly MJ Research, Waltham, MA, USA). The four
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amplified fragments were then digested, respectively, by BccI, RsaI, BsiHKAI, and BclI
(New England BioLabs, Beverly, MA, USA) and separated in 3% agarose gel (Fig. 1).

The genotyping results were evaluated by two researchers who were blinded to the subjects'
case or control status. The genotype patterns were also confirmed by direct sequencing (data
not shown). We randomly selected 96 samples (10.05% of 955 samples) for repeated assays
of the four SNPs, and the results were 100% concordant.

Statistical analysis
The χ2 tests were used to compare the distributions of demographic variables and selected
risk factors between cases and controls. The Hardy–Weinberg equilibrium (p2 + 2pq + q2 =
1, where p is the frequency of the variant allele and q = 1−p) was tested by a goodness-of-fit
χ2 test to compare the expected genotype frequencies with the observed frequencies in
cancer-free controls. The association between case–control status and each SNP, measured
by the odds ratio (OR) and its corresponding 95% confidence interval (CI), was estimated
using an unconditional logistic regression model, with and without adjustment for age,
smoking status (never versus ever), and alcohol drinking status (never versus ever). Logistic
regression modeling was also used for the trend test.

The SAS/Genetics software program (Version 9.1, SAS Institute, Inc., Cary, NC, USA) was
used to determine the LD of SNP pairs. Because the use of multiple SNPs may be a more
efficient method of assessing genetic susceptibility to cancer associated with a candidate
gene than an analysis of any single polymorphism, we used the Proc Haplotype procedure in
the SAS/Genetics program and the PHASE program to reconstruct haplotypes in the
promoter region on the basis of the observed genotypes and evaluated the associations
between the haplotypes and breast cancer risk by logistic regression models. We further
combined SNPs in the promoter region on the basis of the number of variant alleles within
the genotypes and evaluated their associations with breast cancer risk. In the stratification
analysis, we assessed the main effect of H2AFX in each subgroup. All statistical tests were
two-sided, and P < 0.05 was considered statistically significant.

Results
Demographic characteristics of the study population

The analysis included 467 breast cancer cases and 488 cancer-free controls, and the
characteristics of the study population have been described elsewhere [18]. The differences
in the distributions of age, smoking status, and alcohol use between the cases and controls
were not statistically significant (P = 0.935, 0.117, and 0.139, respectively) (data not
shown). However, these variables were further adjusted for in the multivariate logistic
regression model to control for any residual effect of possible confounding on the main
effect of the selected H2AFX SNPs.

Distributions of H2AFX genotypes and association with risk of breast cancer
The genotype and allele distributions of H2AFX SNPs −1654A > G, −1420G > A, −1187T
> C, and 1057C > T in the cases and controls are summarized in Table 2. The observed
genotype frequencies of these SNPs were all in agreement with the Hardy–Weinberg
equilibrium calculated for the controls (P = 0.710, 0.596, 0.608, and 0.160, respectively).
The LD analysis of the controls showed that all polymorphisms were in incomplete LD with
each other: −1654A > G in LD with −1420G > A, −1187T > C, and 1057C > T (D′ = 0.31,
0.50, and 0.44 and r2 = 0.03, 0.22, and 0.17, respectively); −1420G > A in LD with −1187T
> C and 1057C > T (D′ = 0.77, and 0.80 and r2 = 0.20, and 0.22, respectively); and −1187T
> C SNP in LD with 1057C > T (D′ = 0.65 and r2 = 0.42), suggesting that each SNP may
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have a relatively independent effect and also can be used to generate haplotypes for further
analysis.

As shown in Table 2, the frequency distributions of the −1654A > G genotype and G variant
allele significantly differed between the cases and the controls (P < 0.0001 for both).
Logistic regression analysis showed that compared with the −1654AA genotype, −1654AG
heterozygotes had a 1.63-fold increased risk of breast cancer (95% CI = 1.23–2.15), and the
variant −1654GG homozygotes had a 2.55-fold increased risk of breast cancer (95% CI =
1.69–3.84). The carriers of G variant allele (i.e., AG + GG genotypes) had a 1.80-fold
increased risk of breast cancer (95% CI = 1.38–2.34). There was a significant trend for an
allele dose-effect on risk of breast cancer (Ptrend < 0.0001). For −1420G > A, the differences
in the frequency distributions of genotype and A variant allele were also statistically
significant between the cases and the controls (P = 0.018 and 0.005, respectively).
Compared with the common −1420GG genotype, −1420GA heterozygotes had a borderline
significantly increased risk of breast cancer (adjusted OR = 1.31, 95% CI = 0.98–1.74); and
−1420AA variant homozygotes had a significantly increased risk of breast cancer (adjusted
OR = 1.72, 95% CI = 1.17–2.53); the trend for an allele effect on cancer risk was significant
(Ptrend = 0.005), and the carriers of A variant allele (i.e., GA + AA genotypes) had a 1.40-
fold risk of breast cancer (95% CI = 1.07–1.83). Similarly, the frequency distributions of
−1187T > C genotype and C variant allele differed significantly between the cases and the
controls (P = 0.001 and 0.002, respectively). Compared with the common genotype
−1187TT, the carriers of heterozygotes −1187TC and variant homozygotes −1187CC had
significantly increased risk of breast cancer (adjusted OR = 1.66, 95% CI = 1.25–2.19; and
OR = 1.63, 95% CI = 1.10–2.43, respectively); there was a significant trend for an allele
dose-effect on risk of breast cancer (Ptrend = 0.002) and the carriers of C variant allele (i.e.,
TC + CC genotypes) had a 1.65-fold risk of breast cancer (95% CI = 1.26–2.16). However,
for the 1057C > T SNP in the 3′UTR, the genotype and allele frequencies did not differ
significantly between the cases and the controls (P = 0.230 and 0.891, respectively);
consistently, there was no significant association between this SNP and risk of breast cancer.
These data suggest that the SNPs in the H2AFX promoter region, but not in 3′UTR, are
associated with risk of breast cancer.

H2AFX promoter haplotypes and risk of breast cancer
To determine the combined effects of the three promoter SNPs, we used both the SAS and
PHASE programs to generate haplotypes based on the observed genotypes. As shown in
Table 3, there were eight estimated haplotypes in the H2AFX promoter, of which five (AGT,
AAT, AGC, GGC, and GAT) were ≥5%, representing 92.1% of chromosomes of the
controls. The difference in the frequency distributions of haplotype alleles between the cases
and controls was statistically significant (P < 0.0001). When the haplotype AGT without any
variant allele was used as the reference, all other haplotypes (except for AAC) were
associated with increased risk for breast cancer (Table 3). When the haplotypes were
collapsed into four groups on the basis of the number of variant alleles, the difference in
frequency distributions of these haplotype groups between the cases and controls was also
statistically significant (P < 0.0001). Compared with the non-variant haplotype group, risk
of breast cancer increased as the number of variant alleles increased in a dose-response
manner (adjusted OR = 6.08, 95% CI = 3.25–11.38 for carriers of one variant allele; OR =
6.83, 95% CI = 3.83–12.18 for carriers of two variant alleles; and OR = 23.61, 95% CI =
3.95–140.99 for carriers of three variant alleles; Ptrend < 0.0001) (Table 3). We also
calculated the post-hoc powers for each haplotype in Table 3 by using the online "Power and
Sample Size Program"
(http://biostat.mc.vanderbilt.edu/twiki/bin/view/Main/PowerSampleSize). Most of the

Lu et al. Page 5

Breast Cancer Res Treat. Author manuscript; available in PMC 2011 January 28.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

http://biostat.mc.vanderbilt.edu/twiki/bin/view/Main/PowerSampleSize


estimated ORs of the haplotypes had sufficient statistical power (0.8) except for the
haplotypes AAC and GAC (data not shown).

Combined H2AFX genotypes and risk of breast cancer
To further determine the combined effect of the three promoter SNPs, we also assessed the
associations between risk of breast cancer and the number of promoter variant alleles (i.e.,
−1654G, −1420A or −1187C) among the combined genotypes, which were divided into
three groups for further stratification analysis. The difference in the frequency distribution of
these three groups between cases and controls was significant (P < 0.0001). When carriers
of zero-to-one variant alleles were used as the reference, breast cancer risk increased as the
number of variant alleles increased in a dose-response manner (adjusted OR = 3.24, 95% CI
= 2.29–4.59 for two-to-three variant alleles and adjusted OR = 5.02, 95% CI = 3.03–8.32 for
four-to-six variant alleles; Ptrend < 0.0001) (Table 3).

Stratification analysis of H2AFX promoter genotypes and risk of breast cancer
We further performed a stratification analysis of the associations between the number of
H2AFX variant alleles and risk of breast cancer in subgroups by age, smoking and alcohol
drinking status, and patient subgroups (i.e., tumor estrogen and progesterone receptor status
and tumor stage). The main effect of the H2AFX genotypes was evident in each subgroup,
and the risk increased with the number of variant alleles increased in all subgroups in a
dose-response manner (Ptrend < 0.001 for all subgroups). However, the altered risk was more
pronounced in those aged ≤45 years (OR = 9.02; 95% CI = 4.09–19.88) and in ever-drinkers
(OR = 9.24; 95% CI = 4.34–19.68) who had the genotypes with four-to-six variant alleles,
compared with those who had the genotypes that contained zero-to-one variants (Table 4).
In the case-only analysis, we did not find any evidence of interactions between H2AFX
variants and ER/PR status, tumor histology and stages, and subjects' clinical characteristics
(i.e., menopausal status, age at first full-term pregnancy, number of live births, and use of
hormone replacement or oral contraceptives) (data not shown).

Age at onset of breast cancer and variants of H2AFX
Because an early age at onset of cancer is a feature of genetic susceptibility, we determined
the relationship between age at onset of breast cancer and the number of variant alleles in
the combined H2AFX promoter genotypes in the 467 cases. A Pearson correlation analysis
showed that age at onset decreased significantly as the number of variant alleles in the
combined genotypes increased (r = −0.10, P = 0.024) in these cases. We assigned patients to
one of three groups on the basis of the number of variant alleles in the combined genotypes
and found that the age at onset (mean ± SD) was 47.2 ± 4.7 years in 55 patients with zero-to-
one variant alleles, but was significantly lower in 343 patients with two-to-three (45.2 ± 6.8;
P = 0.010) and 69 patients with four-to-six variant alleles (44.7 ± 6.7; P = 0.017) (data not
shown).

Discussion
In this hospital-based case–control study, we determined the associations between four
common tagging SNPs of H2AFX (−1654A > G, −1420G > A, −1187T > C, and 1057C >
T) and risk of sporadic breast cancer in non-Hispanic white women aged ≤55 years. We
found that the minor variant genotypes of each SNP and haplotypes with minor alleles in the
H2AFX promoter region were associated with an increased risk of breast cancer in an allele
dose-response manner. A stratification analysis showed that this increased risk was more
evident in those aged ≤45 years; furthermore, the increased number of variant alleles was
associated with decreased age at onset of breast cancer. These results suggest that genetic
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variants in the H2AFX promoter region may play an important role in the etiology of breast
cancer, particular in women aged ≤45 years in this study population.

Few studies have investigated the role of H2AFX variants in the development of cancer. The
coding region of H2AFX was first sequenced in 101 unrelated breast cancer patients from
101 hereditary breast cancer families, but no variants or mutations in the exons of H2AFX
were identified [21]. Similarly, no variants in the coding region of H2AFX were detected in
the cancer cells of 68 leukemia and 44 lymphoma patients [22]. The results of these studies
suggest that the coding region of H2AFX is genetically conservative and that genetic
variants outside the coding region, environmental factors, or gene-environment interaction
may play an important role in the development of malignancies. It is known that the
promoter and 3′UTR regions of a gene have functions in regulating transcription, mRNA
stability, and gene production [23] and that SNPs are the common forms of genetic
variations in these core and proximal promoter regions [24], and thus searching for
functional variants in the promoter, 3′UTR or regulatory regions of the gene [25–27]
becomes important. Recently, Novik et al. reported that the promoter SNP −417G > A
(rs2509049) in H2AFX has a protective association with non-Hodgkin lymphoma [28]. Our
finding that an increased risk of breast cancer was associated with variants in the promoter
region of H2AFX provides an additional support for the notion that SNPs in the H2AFX
promoter region are biologically important.

Since the effects of the H2AFX promoter SNPs on the gene expression in tumor tissues are
not clarified and it is likely that the phosphorylation of H2AFX may be affected by these
promoter SNPs, we further performed bioinformatics analysis with the TESS program
(http://www.cbil.upenn.edu/cgi-bin/tess/tess?RQ=SEA-FR-QueryS) to understand possible
biological roles of these SNPs. We found that the variant −1654G allele, but not −1654A
allele, creates a new binding site of oncogene c-Jun and that this variant may function in
inducing oncogenic transformation [29], proliferation, and angiogenesis of breast cancer
[30]. In addition, the −1420G allele, but not the variant −1420A allele, has a binding site of
insulin activator factor, although the functions of this binding site remain unclear [31].
Because insulin resistance, diabetes, and obesity related to insulin resistance or
hyperinsulinemia have been shown to be associated with increased risk of breast cancer
[32,33], we postulated that the −1420A variant allele may cause loss of possible protective
effects of insulin activator factor due to the loss of its binding site. Furthermore, the −1187T
allele, but not the variant −1187C allele, has a binding site of progesterone receptor. It has
been shown that the lack of progesterone receptor is a risk factor for breast cancer and is
associated with poor survival [34,35]. This hormone has also been shown to protect against
mammary tumorigenesis in rats [36]; therefore, it is likely that the −1187C variant allele
may cause loss of the protection from normally available hormones in breast cells. Finally,
the −676T (which completely linked with −1187T) allele, but not −676G (which completely
linked with −1187C), has a binding site for the transcription factor PU.1, which is a member
of the ets transcription factor family that activates gene transcription. Studies have shown
that PU.1 is required for normal blood cell development, and abnormalities of the PU.1 gene
can lead to leukemia [37–39]. Taken together, the results of bioinformatics analysis suggest
that the presence of genetic variants in the H2AFX promoter region predicts risk of
developing breast cancer and is consistent with the findings in the present study.

Our study was hospital-based, and the controls selected may not represent the general
population. However, the genotype frequency distributions in our study population were
similar to those reported for other populations. For example, the frequencies of minor alleles
(i.e., the −1654G, −1420A, −1187C, and 1057T alleles) among the 488 non-Hispanic white
women controls in our study were 0.33, 0.38, 0.36, and 0.36, respectively, which are similar
to those reported for the white subjects included in EGP_CEPH-PANEL of the Genebank
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dbSNP (http://www.ncbi.nlm.nih.gov/SNP) (0.36, 0.41, 0.43, and 0.41, respectively) and the
general American population included in the NIEHS database
(http://egp.gs.washington.edu/) (0.37, 0.42, 0.32, and 0.29, respectively). Compared to some
published association studies of breast cancer, our study size may not be large enough.
However, we calculated the statistical power for detecting risks associated with the promoter
haplotypes in this association study and achieved a 90% study power (two-sided test, α =
0.001) to detect the minimum OR of 2.1 for carriers of two-to-three variant alleles (which
occurred at a frequency of 29.4% in the controls). Another limitation of our study is the lack
of reproductive information for the control subjects, which excluded the evaluation of their
modification of risk associated with the H2AFX polymorphisms. One final concern is that
because we restricted the subjects to non-Hispanic whites aged ≤55 years, it is uncertain
whether our findings can be generalizable to other subpopulations.

In conclusion, in this hospital-based case–control study of sporadic breast cancer, we found
significant associations between genetic variants in the promoter of H2AFX and risk of
breast cancer in non-Hispanic white women aged ≤55 years, especially in those aged ≤45
years. Age at onset of breast cancer significantly decreased as the number of variant alleles
in the H2AFX promoter region increased. Our results suggest that polymorphisms in the
H2AFX promoter region contribute to the etiology of sporadic breast cancer. Larger,
preferably population-based case–control studies, as well as well-designed mechanistic
studies, are needed to validate our findings.
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Fig. 1.
Genomic structure, locations of common SNPs and possible binding sites in the H2AFX
gene. Numbering is based on cDNA sequence (GenBank DQ015918). The nucleotide 5′ of
the ATG-translation initiation codon is −1, +1 corresponds to the A of the ATG translation
initiation codon in the reference sequence. The −676T > G locus was in complete LD with
−1187T > C, thus, four SNPs (−1654A > G, −1420G > A, −1187T > C, and 1057C > T)
were selected as the tagging SNPs. Bioinformatics analysis for the promoter SNPs: −1654G
but not −1654A is the binding site for oncogene c-Jun; −1420G but not −1420A is a binging
site fro insulin activator factor; −1187T but not −1187C has a binding site for progesterone
receptor; and −676T (which completely linked with −1187T) but not −676G has a binding
site for transcription factor PU.1
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Table 2

H2AFX genotypes and allele frequencies and logistic regression analysis for associations with risk of breast
cancer

Genotypesa Cases n (%) Controls n (%) Pb OR (95% CI)c

Total number of subjects 467 488

Total number of alleles 934 976

−1654A>G

 AA 147 (31.5) 220 (45.1) <0.0001 1.00 (ref.)

 AG 236 (50.5) 218 (44.7) 1.63 (1.23–2.15)

 GG 84 (18.0) 50 (10.2) 2.55 (1.69–3.84)

 P trend <0.0001

 AG + GG 320 (68.5) 268 (54.9) 1.80 (1.38–2.34)

 G allele 0.433 0.326 <0.0001

−1420G>A

 GG 143 (30.6) 186 (38.1) 0.018 1.00 (ref.)

 GA 236 (50.5) 235 (48.2) 1.31 (0.98–1.74)

 AA 88 (18.9) 67 (13.7) 1.72 (1.17–2.53)

 P trend 0.005

 GA + AA 324 (69.4) 302 (61.9) 1.40 (1.07–1.83)

 A allele 0.441 0.378 0.005

−1187T>C

 TT 141 (30.2) 204 (41.8) 0.001 1.00 (ref.)

 TC 252 (54.0) 219 (44.9) 1.66 (1.25–2.19)

 CC 74 (15.8) 65 (13.3) 1.63 (1.10–2.43)

 P trend 0.002

 TC + CC 326 (69.8) 284 (58.2) 1.65 (1.26–2.16)

 C allele 0.428 0.358 0.002

1057C>T

 CC 187 (40.0) 206 (42.2) 0.230 1.00 (ref.)

 CT 225 (48.2) 211 (43.2) 1.18 (0.90–1.54)

 TT 55 (11.8) 71 (14.6) 0.86 (0.57–1.29)

 P trend 0.917

 CT + TT 280 (60.0) 282 (57.8) 1.10 (0.85–1.42)

 T allele 0.359 0.362 0.891

a
The observed genotype frequency among the control subjects was in agreement with the Hardy–Weinberg equilibrium (p2 + 2pq + q2 = 1) (χ2 =

0.14, P = 0.710 for −1654A>G; χ2 = 0.28, P = 0.596 for −1420G>A; χ2 = 0.26, P = 0.608 for −1187T>C and χ2 = 1.97, P = 0.160 for 1057C>T)

b
Two-sided χ2 test for the distribution of either genotype or allele frequency

c
Adjusted for age, smoking, and alcohol use in logistic regression models
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Table 3

Frequency distribution of haplotypes and combined genotypes in the promoter region of H2AFX and
association with risk of breast cancer

Cases n (%) Controls n (%) OR (95% CI)a OR (95% CI)a

H2AFX haplotype 934 976

Number of variant alleles in haplotypesb

 0 (AGT) 90 (9.6) 240 (24.5) 1.00 (ref.) 1.00 (ref.)

 1 (AAT) 296 (31.7) 284 (29.1) 5.44 (2.74–10.79) 6.08 (3.25–11.38)

 1 (AGC) 131 (14.0) 118 (12.1) 6.79 (3.21–14.38)

 1 (GGT) 70 (7.5) 48 (4.9) 11.05 (3.74–32.66)

 2 (AAC) 13 (1.4) 16 (1.6) 3.58 (0.60–21.28) 6.83 (3.83–12.18)

 2 (GGC) 231 (24.7) 201 (20.7) 6.07 (3.28–11.23)

 2 (GAT) 78 (8.4) 56 (5.7) 12.71 (4.73–34.19)

 3 (GAC) 25 (2.6) 13 (1.4) 23.61 (3.95–140.99) 23.61 (3.95–140.99)

 Trend test P<0.0001

Combined H2AFX genotypes 467 488

Number of variant alleles in genotypesc

 0 8 (1.7) 46 (9.4) 1.00 (ref.) 1.00 (ref.)

 1 47 (10.1) 107 (21.9)

 2 141 (30.2) 117 (24.0) 3.33 (2.24–4.96) 3.24 (2.29–4.59)

 3 202 (43.3) 179 (36.7) 3.15 (2.17–4.57)

 4 65 (13.9) 37 (7.6) 5.02 (3.03–8.32) 5.02 (3.03–8.32)

 5 3 (0.6) 2 (0.4)

 6 1 (0.2) 0 (0)

 Trend test P<0.0001

a
ORs were adjusted for age, smoking, and alcohol use in logistic regression models

b
Order of SNPs: H2AFX-1654A>G, −1420G>A, and −1187T>C and the variant alleles were −1654G, −1420A, and −1187C; the number

represents the count of variant alleles within each haplotype

c
Genotype combinations of three SNPs in the promoter region of H2AFX gene; The number represents the number of variants alleles
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