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ABSTRACT. The ZNF217 gene, a potential oncogene amplified and
overexpressed in several cancers including colorectal cancer (CRC),
acts as a transcription factor that activates or represses target genes.
The polymorphisms rs16998248 (T>A) and rs35720349 (C>T) in
coronary artery disease have been associated with reduced expression
of ZNF217. In this study, we analyzed the 2 polymorphisms in Mexican
patients with CRC. Genotyping of rs16998248 and rs35720349 sites
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was performed by polymerase chain reaction-restriction fragment
length polymorphism in 203 Mexican Mestizos, 101 CRC patients, and
102 healthy blood donors. Although no statistical differences regarding
genotype and allele frequencies of ZNF217 polymorphisms were
observed (P > 0.05), linkage disequilibrium was significant in CRC
patients (r> = 0.39, P < 0.0001), as a result of reduced AC haplotype
frequency. Thus, the AC haplotype may protect against CRC.
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INTRODUCTION

Colorectal cancer (CRC) is the third most common cancer in men and the second most
common cancer in women worldwide (Jemal et al., 2011). Genetic susceptibility to CRC is as-
sociated with genes related to proliferation, differentiation, and cell transformation processes.
These genes include KRAS, CDHI, TGF-f, and ZNF217 (Kerr, 2003; Rooney et al., 2004). The
ZNF217 oncogene spans over 16 kb of chromosome 20q13.2, where it contains 5 exons and en-
codes 2 open reading frames of 1062 and 1108 amino acids produced through alternative splicing
of'exon 4 (Yaswen and Collins, 2005). ZNF217 functions as an activator of genes such as BRCA 1,
CDC25C, TUBB2, and LMNBI and as a repressor of genes such as CDH1, p15, and VAV3 (Cow-
ger et al., 2007; Thillainadesan et al., 2008). Gene amplification and/or overexpression of ZNF217
have mainly been described in breast, ovarian, gastric, and colon cancers (Quinlan et al., 2007).
A total of 61% of patients with colon cancer show amplification, particularly advanced adenomas
and carcinomas (Rooney et al., 2004). Moreover, ZNF217 protein expression is directly related to
the number of amplified copies in ovarian clear cell carcinoma (Rahman et al., 2012).

At least 2 single nucleotide polymorphisms (SNPs) in the ZNF217 gene, 1516998248
(exon 2, T>A, corresponding to the change of A342A) and rs35720349 (exon 4, C>T, cor-
responding to change 1548T), have been described previously (dbSNP, 2013). These poly-
morphisms have been associated with reduced expression of the ZNF217 protein in coronary
artery disease (CAD) (Wang, 2009).

In this study, we analyzed the rs16998248 and rs35720349 polymorphisms in CRC
patients in Western Mexico. This is the first study to evaluate the potential role of these vari-
ants in cancer.

MATERIAL AND METHODS

The study included 203 Mexican Mestizos, 101 CRC patients, and 102 healthy blood
donors recruited at the Fray Antonio Alcalde and Juan 1. Menchaca Hospitals of Guadalajara,
Mexico. All individuals signed an informed consent and the study was approved by the Re-
search, Ethics, and Safety Committees of Centro Universitario de Ciencias de la Salud, Uni-
versidad de Guadalajara (CI-14409).

Genomic DNA was obtained from peripheral blood using the CTAB/DTAB method
(Gustincich et al., 1991). Analysis of ZNF217 variants was performed by polymerase chain
reaction (PCR)-restriction fragment length polymorphism analysis with primers designed us-
ing the Oligo v.6.0 software. For SNP rs16998248, the forward primer 5'-AGTCTAATTGAG
CACCGCAAGG-3" and reverse primer 5'-TGAAAGCTTTGCCGCACTC-3' were used to
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amplify a 466-bp fragment. PCR cycling conditions were as follows: initial denaturation at 94°C
for 10 min followed by 38 cycles of denaturation at 94°C for 1 min, annealing at 63.3°C for 1
min, extension at 72°C for 1 min, and a final elongation at 72°C for 5 min. Restriction enzyme
digestion with Stul, which recognizes the wild-type T allele, resulted in fragment sizes of 341
and 125 bp. PCR for rs35720349 was conducted under the same conditions except that 35 cycles
were used, annealing was conducted at 57.2°C, and the following primers were used: forward,
5-TTAGGTGAAAAACCATACAA-3' and reverse, 5'-GGACTGCCTGTAACATCT-3' (PCR
fragment of 233 bp). For restriction analysis, the 4sel enzyme cut the PCR product at the
polymorphic T allele to produce fragments of 160 and 73 bp. Visualization of fragments was
achieved on 6% polyacrylamide gels stained with silver nitrate.

Genotype and allele frequencies were determined by direct counting. Frequency dif-
ferences between CRC patients and controls as well as the odds ratios (ORs) with the 95%
confidence intervals (95%Cls) were analyzed using the website [http://ihg.gsf.de/ihg/snps.html].
Haplotypes were determined directly in homozygous or single-site heterozygous individuals.
When individuals showed both heterozygous sites, the gametic phase was assigned using the
Bayesian algorithm. Linkage disequilibrium (LD) between the polymorphisms was evaluated
with haplotype data using a test of allele correlation (1%); results were considered statistically
significant when 2> 0.33 (Shifman et al., 2003). One million steps of Markov chain length were
considered. The Ewens’ sampling distribution test was used to predict the expected haplotypes
in CRC patients (Ewens, 1972). Statistical analyses were performed using the Arlequin v.3.11
software (Excoffier et al., 2005). Values were considered significant when P < 0.05.

RESULTS

The frequencies of 1516998248 (T>A) and rs35720349 (C>T) ZNF217 variants are
shown in Table 1. Three genotypes were observed for each polymorphism, but the frequency
of the mutated allele was lower than 10%. Comparison of genotype and allele frequencies be-
tween the two studied groups showed no significant differences. However, the 1s16998248 AA
genotype was observed less frequently in patients than in controls (2 vs 7.8%, respectively).

Table 1. Genotype and allele frequencies for ZNF217 rs16998248 and rs35720349 polymorphisms in CRC
patients and control group from Western Mexico.

Control group CRC patients P value* OR (95%CI)
1$16998248 N=102 % N=101 %
Genotype
TT 63 61.8 64 63.4 1.00 (reference)
AT 31 30.4 35 34.6 0.73 1.12 (0.613-2.016)
AA 8 7.8 2 2.0 0.06 0.25 (0.050-1.204)
Allele
T 157 77.0 163 80.7 1.00 (reference)
A 47 23.0 39 19.3 0.36 0.80 (0.496-1.289)
1s35720349 N=99 % N =100 %
Genotype
CcC 87 87.9 85 85.0 1.00 (reference)
CT 10 10.1 14 14.0 0.41 1.44 (0.603-3.403)
TT 2 2.0 1 1.0 0.58 0.52 (0.046-5.749)
Allele
C 184 92.9 184 92.0 1.00 (reference)
T 14 7.1 16 8.0 0.72 1.15 (0.542-2.409)
Haplotypes N =160 % N =196 %
TC 122 76.3 160 81.6 1.00 (reference)
AC 27 16.9 20 10.2 0.07 0.56 (0.303-1.055)
AT 11 6.8 16 8.2 0.8 1.11 (0.49-2.48)

*Chi-square or Fisher exact test.
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Haplotypes were determined (rs16998248 T>A and rs35720349 C>T) for 98 CRC pa-
tients and 80 controls. Different combinations were first unambiguously determined in homo-
zygotes and single-site heterozygotes (88.2%) and in individuals (11.8%; 14 patients and 7
controls) with both heterozygous sites; the phase was inferred using the Bayesian algorithm.
Three distinct haplotypes were observed in patients and controls. The most common was TC,
with frequencies of 81.6 and 76.3% in patients and controls, respectively (Table 1). The TT hap-
lotype was not observed. Haplotype distribution was not significantly different between CRC
patients and control individuals. LD was estimated based on haplotype frequencies, and the
results showed significant LD only in CRC patients (r> = 0.39, P < 0.0001). Thus, we obtained
the expected haplotypes in the CRC group using the Ewens’ sampling distribution test (Ewens,
1972). Statistically significant differences in haplotype distribution were detected between the
observed haplotypes (TC, N =160; AC, N = 20; and AT, N = 16) and expected haplotypes (TC,
N =154; AC, N =34; and AT, N =7; P = 0.026). This discrepancy was likely a consequence of
the significant reduction in the AC haplotype (20 vs 34, P = 0.03) in CRC patients.

DISCUSSION

The ZNF217 transcriptional regulation gene plays an important role in carcinogenesis.
Its overexpression has been associated with the growth, proliferation, and survival of malignant
cells in ovarian cancer (Huang et al., 2005; Sun et al., 2008; Rahman et al., 2012) as well as with
tumor progression in the MCF7 and 600MPE breast cancer cell lines (Rahman et al., 2012).

We studied 2 polymorphisms in the ZNF217 gene, including rs16998248 (T>A) and
1s35720349 (C>T). Both in CRC patients and in control individuals, mutation frequencies
ranged from 1.0-7.8%. Similar frequencies (0.0-4.7%) were reported for the rs16998248 poly-
morphism in the SNP database for several populations (European, African American, Sub-Sa-
haran African, and Asian). This comparison was also conducted for the rs35720349 TT poly-
morphic genotype, but this polymorphism was not identified in Caucasian, African American,
and European populations (http://www.ncbi.nlm.nih.gov/projects/SNP); in the present study,
the frequency of this polymorphism was 2%.

Wang (2009) found that in a control group of 405 healthy individuals recruited from
Duke University Hospital, the frequencies of the rs16998248 A and rs35720349 T alleles were
0.060 and 0.013, respectively, while our results showed frequencies of 0.23 and 0.071, respec-
tively. These differences were significant (P < 0.000).

In this study, no significant differences in genotype and allele frequencies were found
between CRC and control groups, although the rs16998248 AA genotype showed a trend for
protection against CRC (OR = 0.25, 95%CI = 0.050-1.204, P = 0.06).

The observed trend for protection from the present study by the rs16998248 AA geno-
type agrees with the results of Wang (2009), who also showed that minor alleles of both cod-
ing polymorphisms reduced ZNF217 expression in aorta samples of Caucasian patients with
CAD. Our results indicate that in cancer cells, these polymorphisms could cause decreased
ZNF217 expression.

Because the rs16998248 T>A polymorphism encodes a synonymous amino acid
change (A342A), there is no direct effect on the protein sequence; however, this change can
nonetheless modify the expression level of the gene because of the impaired translation ef-
ficiency ascribed to different tRNA pools corresponding to alternative codons coding for the
same amino acid (Waldman et al., 2011). Therefore, this polymorphism may alter the ZNF217
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protein elongation rate based on differences in tRNA pools, leading to decreased expression
of ZNF217 and further compromising the formation of protein complexes in which ZNF217
functions as a transcriptional regulator (Carmi et al., 2009).

LD analysis between the locus pair was significant in CRC patients (1> = 0.39). This LD
was a consequence of a pronounced reduction in the AC haplotype (20 vs 34, P =0.03). Haplo-
type comparison between CRC patients and control subjects revealed a slightly decreased AC
combination in CRC patients (10.2 vs 16.9%, P=0.07). Based on these results, the AC haplotype
is a protective factor against CRC. However, further studies are necessary to determine whether
the AC haplotype modifies ZNF217 expression or if it is linked to a susceptibility locus.

In conclusion, allelic, genotypic, and haplotype frequencies of the rs16998248 (T>A)
and rs35720349 (C>T) polymorphisms were similar between CRC patients and control sub-
jects. However, both polymorphisms were in LD in CRC patients as consequence of reduced
AC haplotype frequency.
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