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Histone methyltransferase (HMT) enzymes that methylate the
lysine of histones are involved in chromatin-mediated gene ex-
pression. Previously, we reported that a novel polymorphism of
SUV39H2, the HMT that is required for the methylation of H3-
K9, was associated with an increased risk of lung cancer in Kore-
ans. The retinoblastoma protein-interacting zinc finger gene RIZ
(PRDM2) is also a member of a histone/protein-methyltransferase
superfamily, and the inactivation of RIZ in many cancers was
detected as frameshift mutations, hypermethylation and missense
mutations. In this study, we show the association of RIZ polymor-
phisms with the risk of lung cancer. In a hospital-based study of
335 lung cancer patients and 335 age- and gender-matched
healthy controls, 120 polymorphisms of RIZ were screened. Of
the 120 genotyped single nucleotide polymorphisms (SNPs),
42 SNPs were selected for the statistical analysis based on their
frequency (.5%) and linkage disequilibrium [LD; only a repre-
sentative SNP was analyzed if there were absolute LDs (r2 5 1)];
this resulted in three LD blocks. The þ92337G.A and
þ95701C.A polymorphisms showed a statistically significant
association with the reduced risk of lung adenocarcinomas after
correcting the P values for multiple testing [for carrying one
variant allele versus none, adjusted odds ratio (aOR) 5 0.55
(95% CI 5 0.38–0.78), corrected P 5 0.04; aOR 5 0.54 (95%
CI 5 0.38–0.77), corrected P 5 0.02, respectively]. One haplo-
type (Ht5) in LD block 3 of RIZ was significantly associated with
the reduced risk of lung adenocarcinomas (aOR 5 0.28, 95%
CI 5 0.13–0.58) as well as overall lung cancer (aOR 5 0.50,
95% CI 5 0.30–0.82). This study suggested that RIZ polymor-
phisms may be important predictive markers for lung cancer
susceptibility.

Introduction

Lung cancer is the leading cause of cancer mortality worldwide and
also in Korea. Although cigarette smoking is an established risk factor
for lung cancer, genetic diversity plays an important role in determin-
ing the ultimate outcome following exposure to tobacco carcinogens.
Certain genetic polymorphisms of several genes have been associated
with individual susceptibility to lung cancer due to their ability to
modify the effect of tobacco smoke carcinogens (1,2). Molecular
epidemiologic studies have reported the relationships of lung cancer
with polymorphisms of genetic susceptibility genes, including metab-
olizing enzymes (cytochrome P450s, glutathione S-transferases) and
DNA repair enzymes (hOGG1, XRCC1), to elucidate the correlation
with lung cancer susceptibility (3–7). Furthermore, the possible asso-
ciation of cancer susceptibility and genetic variations in the genes

involved in the structure of the chromatin and histone methylation
has been investigated in cancer studies (8–10). Recently, the associ-
ation between a polymorphism of SMYD3, a histone H4 lysine
4-specific methyltransferase, and cancer was reported. The tandem
repeat polymorphism of SMYD3 increased the risk of colorectal can-
cers, hepatocellular carcinomas and breast cancers (8). Cebrian et al.
(9) reported a preliminary observation regarding the association with
breast cancer for variants in DNA methyltransferase and histone
methyltransferases (HMTs). We also reported the increased lung can-
cer risk associated with a polymorphism of SUV39H2, one of the
HMTs (10).

HMT class enzymes contain a conserved catalytic core domain
termed the SET (Suvar3-9, Enhancer of zeste, Trithorax) domain,
which shares sequence homology with an independently described
sequence motif, the PR (PRDI-BFI and RIZ) domain (11). Isolated
as a retinoblastoma-binding (Rb) protein, RIZ contains the Rb-
binding motif, the nuclear hormone receptor-binding motif and the
PR domain (12,13). The RIZ gene that is located on human chromo-
some 1p36 produces two mRNAs, RIZ1 that contains the PR domain
and RIZ2 that lacks this domain (14–16). RIZ1 but not RIZ2 has
tumor suppressive properties and is frequently silenced in many hu-
man cancers, including breast, liver, colon and lung cancers (17–19).
It has been shown that promoter hypermethylation of RIZ1 is a com-
mon mechanism involved in the inactivation of the RIZ1 gene
(20–22). Frameshift mutations of the RIZ gene frequently occur in
microsatellite instability-positive tumors of the colon, stomach, endo-
metirum and pancreas (23–25). Missense mutations of RIZ1 that tar-
get the PR domain were also reported in human diffuse large B-cell
lymphoma (DLBL) (26). Moreover, RIZ1 mutant mice showed a high
incidence of DLBL and a broad spectrum of unusual tumors. RIZ1
deficiency also accelerated tumorigenesis in p53 heterozygous mutant
mice (26). These findings suggest that genetic variations in the RIZ
gene could be associated with tumor formation.

To test the hypothesis that genetic polymorphisms of the RIZ gene
are associated with the risk of lung cancer, we analyzed the poly-
morphisms and haplotypes of RIZ in a Korean population.

Materials and methods

Study population

This is a hospital-based matched case–control study. Three hundred and thirty-
five cases were recruited from the patients with histologically confirmed lung
cancer who visited the National Cancer Center in Korea and voluntarily par-
ticipated in a health questionnaire survey conducted from May 2002 to July
2003. They donated blood for genetic tests after signing the informed consent
form that was approved by the institutional review board. There were no re-
cruitment restrictions with regard to gender or cancer stage; however, only
subjects who were not older than 70 years were recruited. None of these cancer
patients had received previous chemotherapy or radiotherapy prior to their
recruitment. For comparison, a total of 335 control subjects were individually
matched with lung cancer patients for age (±3 years) and gender. These control
subjects without a prior history of cancer were recruited from the visitors of our
institution for a cancer-screening program. Information on demographic char-
acteristics including gender, age, smoking habits and family history of cancers
was obtained from self-administered questionnaires (for controls) or a personal
interview (for cases) administered by a trained personnel after written in-
formed consent was obtained.

Genotyping RIZ polymorphisms

A total of 120 single nucleotide polymorphisms (SNPs) of the RIZ gene
(NM_012231) were selected from the International HapMap Project data,
(www.hapmap.org) for this study. Genomic DNA was extracted from the pe-
ripheral blood by using a QIAamp DNA Blood Mini Kit (Qiagen, Valencia,
CA) in accordance with the manufacturer’s instructions. For a highly multi-
plexed SNP genotyping assay, the GoldenGate genotyping assay (Illumina
Inc., San Diego, CA) that combined an oligonucleotide ligation and allele-
specific extension reaction was performed (27).

Abbreviations: aOR, adjusted odds ratio; LD, linkage disequilibrium; SNP,
single nucleotide polymorphism.
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Statistical analysis

To test for the differences in demographic characteristics between lung cancer
cases and controls, Pearson’s v2 test categorical variables and Wilcoxon rank-
sum test were performed for continuous variables. With regard to smoking
habits, the former and present smoking status, the number of cigarettes smoked
per day and the time of starting and quitting were investigated. Individuals who
had either formerly or currently smoked .100 cigarettes during their lifetime
were defined as ever smokers. In order to distinguish them from current smok-
ers, former smokers were defined as those who had ceased smoking for �1 year
at the time of sample collection. Never smokers were defined as subjects who
had smoked ,100 cigarettes during their lifetime. As a measure of cumulative
smoking exposure, pack-years was defined as the average number of packs
(20 cigarettes/pack) of cigarettes smoked per day multiplied by the total num-
ber of years of smoking.

SNPs with duplicate error or a minimum call rate under 98% were excluded for
statistical analysis. Hardy–Weinberg equilibrium was tested for the genotyping
results of controls. A level of P , 0.01 was accepted as statistically significant
for the Hardy–Weinberg equilibrium test. If a polymorphism was not in Hardy–
Weinberg equilibrium (P , 0.01), it was also excluded for further analysis.

We employed a widely used measure of linkage disequilibrium (LD) between
all pairs of biallelic loci, Lewontin’s D# (|D#|) (28) and r 2. LD blocks were
identified using Haploview software (29). The |D#| values for all pairs of SNPs
were calculated and the haplotype blocks were estimated using the confidence
interval method (30). Haplotypes of each block and individual were inferred
using the algorithm developed by Stephens et al. (31), which (PHASE) uses
a Bayesian approach incorporating a priori expectations for haplotype recon-
struction. Phase probabilities of each site were calculated for each individual by
this software and the haplotype with the highest probability for each sample was
used for the further analysis. Genetic effects of inferred haplotypes were ana-
lyzed in same way as SNPs. The relationship between RIZ polymorphisms and
the lung cancer risk was analyzed using both unconditional and conditional
multiple logistic regression models while controlling for family history, pack-
years (continuous value) and smoking status (current smoker, former smoker,
never smoker) as covariates. We also analyzed the association between RIZ
polymorphisms and the risk of adenocarcinoma and squamous cell carcinoma,
which were the two most common histologic types in our study subjects. For
subset analyses by cancer histologic type or smoking status, only unconditional
multiple logistic regression was used because the sample size becomes small
when matched pairs were maintained in the analyses. Analyses for the associ-
ation between haplotype and the lung cancer risk were performed using un-
conditional logistic regression at the individual level, where the covariate was
defined by the number of copies (0, 1 or 2) of each haplotype that a subject
carried, and the model also included family history of cancer, smoking status and
pack-years as covariates. To achieve the optimal correction for multiple testing
of 42 SNPs, the effective number of independent marker loci (36.593) in RIZwas
calculated with the SNPSpD software on the basis of the spectral decomposition
(SpD) of matrices of pairwise LD between SNPs. The resulting number of in-
dependent marker loci was applied to correct for multiple testing (32). All
reported P values are two sided. Statistical software SAS version 9.2 was used
for statistical analyses (SAS Institute Inc., Cary, NC).

Results

The demographic distribution of lung cancer patients and healthy
controls is shown in Table I. Lung cancer patients were more probably
ever smokers than the controls (P , 0.001). The distribution of the
family history of cancer was significantly different between the cases
and controls (P , 0.05). Of the 335 lung cancer patients, 189 (56%)
had adenocarcinomas, 77 (23%) had squamous cell carcinomas and
29 (9%) had small cell lung cancer. Forty patients (12%) have other
histologic type that included unspecified NSCLC, large cell carci-
noma, mixed large adenocarcinoma, adenosquamous carcinoma and
sarcomatoid carcinoma.

Among a total of 120 SNPs of the RIZ gene (NM_012231), selected
from the International HapMap Project data, 21 (18%) showed
a monomorphic pattern in the Korean population. After excluding
additional five SNPs due to Hardy–Weinberg disequilibrium
(P , 0.01) and a low minimum call rate (,98%), 94 SNPs were
analyzed to measure the LD (Figure 1A). Only a representative
SNP was selected if there were absolute LDs (r2 5 1) and 42 SNPs
were finally selected for the statistical analysis. The genotype data of
the 42 SNPs were used to estimate the LD block and haplotype struc-
ture of the RIZ gene. The common haplotypes (.5%) in LD blocks
are indicated in Figure 1B. Three LD blocks were determined from
the results of LD analysis using the Haploview software (Figure 1C).

Table II presents the minor allele frequencies of the 42 SNPs among
lung cancer patients and normal controls, and estimated odds ratios of
lung cancer risk between subjects carrying one variant allele and
subjects carrying no variant allele of each SNP, based on a multiple
logistic regression model (log additive model) fit by controlling for
smoking status, pack-years and family history of cancer as covariates.
There were signals found in LD block 3 genotypes differentiating lung
cancer patients from controls, specifically for the comparison of ad-
enocarcinoma cases and controls. Ten of 19 SNPs in LD block
3 showed a significant association (P , 0.05) with the risk of lung
adenocarcinoma, although eight of these 10 significant SNPs became
no longer significant after the correction for multiple testing (data not
shown).

Specifically, the variant genotypes of þ92337G.A and
þ95701C.A were highly associated with a decreased risk of lung
adenocarcinoma when compared with the normal controls [for carrying
one variant allele versus none, adjusted odds ratio (aOR) 5 0.55, 95%
CI 5 0.38–0.78, P 5 0.001 and aOR 5 0.54, 95% CI 5 0.38–0.77,
P 5 0.0006, respectively]. To further evaluate the protective effects
of þ92337G.A and þ95701C.A, we performed subset analyses
based on the histologic cell type using four alternative models

Table I. Demographic characteristics among lung cancer patients and normal controls

Phenotype Normal controls (n 5 335) Lung cancer cases

All (n 5 335) Adenocarcinoma (n 5 189) Squamous cell carcinoma (n 5 77)

Age (median, range) 58 (28–73) 58 (25–70) 57 (25–70) 59 (29–68)
Gender (n, %)

Male 226 (67.5%) 226 (67.5%) 96 (50.8%) 75 (97.4%)
Female 109 (32.5%) 109 (32.5%) 93 (49.2%) 2 (2.6%)

Smoking status (n, %)�

Never smoker 139 (41.5%) 116 (34.6%) 96 (50.8%) 4 (5.2%)
Ever smoker 189 (56.4%) 218 (65.1%) 93 (49.2%) 73 (94.8%)
Current 86 (25.7%) 143 (42.7%) 55 (29.1%) 47 (61.0%)
Former 103 (30.7%) 75 (22.4%) 38 (20.1%) 26 (33.8%)
Unknown 7 1 0 0

Pack-years (median, range)a 21 (0.3–126) 34.5 (0.08–135) 26.25 (0.08–87.5) 40 (3.8–102.5)
Family history (n, %)�

Yes 166 (49.6%) 128 (38.3%) 77 (40.7%) 25 (32.5%)
No 167 (49.9%) 205 (61.4%) 111 (58.7%) 51 (66.2%)
Unknown 2 2 0 1

�P , 0.05 from Pearson’s v2 test for the difference between lung cancer patients and controls.
aPack-years of smoking were for ever smokers only. P , 0.05 from Wilcoxon’s rank-sum test for the difference between lung cancer patients and controls.
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Fig. 1. Gene maps, haplotypes and LDs among RIZ SNPs. Coding exons are marked by black blocks, and 5# and 3# UTRs by white blocks. The first base of the
translational start site is denoted as nucleotide þ1. Asterisks indicate the SNPs that were used for the statistical analysis. (A) SNPs genotyped in the study subjects.
The frequencies of the SNPs were based on findings in 670 subjects (335 lung cancer patients and 335 normal controls). (B) Haplotypes of RIZ. Haplotypes with
a frequency .0.05 are presented. (C) Three LD blocks in RIZ using Haploview.
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(the codominant, log additive, dominant and recessive model)
(Table III). From the log additive model, subjects carrying a variant
allele of þ92337G.A and þ95701C.A showed significantly reduced
risks for lung adenocarcinoma after correcting P values for multiple
testing of 42 SNPs (aOR 5 0.55, corrected P 5 0.04; aOR 5 0.54,
corrected P 5 0.02, respectively).

From 19 SNPs of the RIZ gene form the LD block 3, five common
haplotypes (.5% frequency) were identified with an accumulated
frequency of 69.5% in the controls (Figure 1B). The common haplo-
types were labeled and categorized as Ht1–Ht5 based on their computer-
estimated frequency, and other rare haplotypes were grouped together
in the analyses as shown in Table IV. Subjects carrying a copy of Ht5
haplotype showed a 50% decreased risk of lung cancer (aOR 5
0.50, 95% CI 5 0.30–0.82). Although the haplotype frequencies
were low, Ht5 haplotype of block 3 also showed a significantly de-

creased risk of lung adenocarcinoma when compared with the normal
controls (aOR 5 0.28, 95% CI 5 0.13–0.58) (Table IV). Whereas
Ht1 represents that all 19 SNPs were the wild-type allele, Ht5
represents that only three SNPs were wild-type allele. The haplotypes
of LD block 1 or block 2 did not yield any statistically significant
association.

Discussion

Our case–control study revealed that the RIZ polymorphisms showed
a significant association with lung cancer, particularly with a lower
risk of lung adenocarcinomas. The retinoblastoma protein-interacting
zinc finger gene RIZ is a member of a nuclear protein-methyltransferase
superfamily and is also known to play an important role in a variety of

Table II. Subgroup analysis of RIZ polymorphisms associated with the risk of lung cancer

Loci Position rs# Minor allele frequency Lung cancer versus controls Adenocarcinoma versus controls

Controls
(n 5 322)

Lung cancer
(n 5 331)

Adenocarcinoma
(n 5 187)

OR (95% CI) P OR (95% CI) P

Block 1
�10369C.G Exon 1 rs2495061 0.207 0.215 0.195 0.96 (0.73–1.27) 0.76 0.92 (0.66–1.29) 0.63
�10286C.T Exon 1 rs17393663 0.149 0.140 0.142 0.94 (0.69–1.28) 0.68 0.93 (0.65–1.33) 0.69
�8758A.G Intron 1 rs6690270 0.478 0.459 0.489 0.97 (0.77–1.21) 0.78 1.05 (0.81–1.36) 0.72
�7509C.A Intron 1 rs6693939 0.214 0.221 0.195 0.95 (0.72–1.25) 0.70 0.88 (0.63–1.22) 0.44
þ3421A.C Intron 2 rs12755924 0.110 0.134 0.134 1.27 (0.90�1.79) 0.18 1.24 (0.83�1.85) 0.29
þ11374T.C Intron 2 rs16852866 0.227 0.240 0.214 1.00 (0.76–1.30) 0.97 0.92 (0.67–1.27) 0.61
þ15158G.A Intron 2 rs2277 0.222 0.236 0.214 1.00 (0.76�1.30) 0.98 0.95 (0.69�1.31) 0.76
þ21910G.C Intron 4 rs2294484 0.188 0.177 0.168 0.94 (0.71–1.24) 0.65 0.88 (0.63–1.23) 0.47
þ50765A.C Intron 6 rs1406417 0.193 0.190 0.184 0.99 (0.75�1.31) 0.95 0.95 (0.69�1.32) 0.76
þ54320A.G Intron 6 rs2359756 0.489 0.465 0.495 0.96 (0.77�1.20) 0.70 1.03 (0.79�1.33) 0.85
þ54535A.T Intron 6 rs2884788 0.186 0.186 0.182 1.00 (0.75–1.32) 0.98 0.98 (0.71–1.36) 0.89
þ57798A.G Intron 7 rs1203677 0.405 0.415 0.384 0.98 (0.78�1.23) 0.87 0.92 (0.70�1.19) 0.51
þ63198G.A Exon 8 rs1203678 0.410 0.414 0.390 0.97 (0.77–1.22) 0.79 0.93 (0.71–1.21) 0.57
þ67014A.G Exon 8 rs1203651 0.416 0.423 0.393 0.97 (0.78�1.22) 0.81 0.91 (0.70�1.18) 0.48
þ78332C.T Intron 8 rs1203639 0.322 0.339 0.307 1.03 (0.80�1.32) 0.82 0.94 (0.70�1.25) 0.65

Block 2
þ79792G.T Intron 8 rs1203638 0.236 0.219 0.211 0.85 (0.65�1.12) 0.25 0.85 (0.62–1.16) 0.30
þ80056A.T Intron 8 rs11807320 0.228 0.236 0.249 1.03 (0.79–1.35) 0.83 1.13 (0.83–1.54) 0.45
þ82010A.G Intron 8 rs2281169 0.430 0.423 0.439 1.01 (0.80–1.27) 0.94 1.05 (0.81–1.36) 0.71
þ82423C.T Intron 8 rs16852988 0.056 0.082 0.070 1.64 (1.03�2.60) 0.04 1.30 (0.76�2.22) 0.35
þ83127C.T Intron 8 rs2744692 0.165 0.156 0.163 0.94 (0.70–1.28) 0.71 0.96 (0.68–1.37) 0.83
þ84261A.T Intron 8 rs742355 0.281 0.273 0.278 0.96 (0.75�1.23) 0.73 0.98 (0.74�1.31) 0.90
þ84353T.C Intron 8 rs2014788 0.452 0.456 0.447 1.00 (0.80–1.25) 0.98 0.95 (0.74–1.24) 0.72
þ85543G.A Intron 8 rs2281168 0.262 0.272 0.278 1.10 (0.85�1.42) 0.48 1.13 (0.84�1.52) 0.41

Block 3
þ88528A.G Intron 8 rs2281164 0.230 0.220 0.223 1.03 (0.78–1.35) 0.86 0.96 (0.70–1.31) 0.79
þ88680C.T Intron 8 rs1203673 0.247 0.215 0.190 0.82 (0.63–1.07) 0.14 0.69 (0.50–0.96) 0.03
þ91319C.G Intron 8 rs2697985 0.230 0.196 0.166 0.80 (0.61�1.05) 0.11 0.65 (0.46�0.91) 0.01
þ92054T.G Intron 8 rs2244634 0.234 0.196 0.166 0.78 (0.59–1.03) 0.07 0.63 (0.45–0.88) 0.007
þ92337G.A Intron 8 rs2281161 0.213 0.172 0.134 0.74 (0.55–0.98) 0.04 0.55 (0.38–0.78) 0.001
þ95701C.A Intron 8 rs2744690 0.234 0.184 0.147 0.72 (0.54–0.95) 0.02 0.54 (0.38–0.77) 0.0006
þ96393A.G Intron 8 rs2744688 0.307 0.260 0.227 0.81 (0.63�1.04) 0.10 0.63 (0.47�0.86) 0.003
þ96713G.T Intron 8 rs2744687 0.161 0.145 0.136 0.91 (0.66–1.25) 0.55 0.78 (0.54–1.14) 0.20
þ97096C.T Intron 8 rs2245197 0.446 0.427 0.401 0.96 (0.77–1.20) 0.72 0.83 (0.64–1.08) 0.17
þ97583C.A Intron 8 rs2245213 0.304 0.264 0.249 0.85 (0.67–1.09) 0.19 0.74 (0.55–0.99) 0.04
þ98357G.A Intron 8 rs2235516 0.292 0.258 0.235 0.86 (0.67�1.11) 0.24 0.73 (0.54–0.99) 0.04
þ98633G.A Intron 8 rs7551586 0.095 0.100 0.099 1.07 (0.72–1.59) 0.73 1.09 (0.69–1.71) 0.71
þ99244C.T Intron 8 rs2235515 0.450 0.418 0.401 0.88 (0.70�1.11) 0.28 0.82 (0.63�1.06) 0.13
þ100903G.A Exon 9 rs1046331 0.300 0.264 0.235 0.84 (0.66–1.08) 0.17 0.71 (0.53–0.95) 0.02
þ103814G.A Intron 9 rs1810474 0.388 0.353 0.329 0.87 (0.68�1.10) 0.23 0.76 (0.58�1.00) 0.05
þ107149G.A Intron 9 rs2744682 0.295 0.266 0.243 0.88 (0.68–1.13) 0.30 0.76 (0.57–1.01) 0.06
þ107405A.C Intron 9 rs2697970 0.391 0.363 0.340 0.88 (0.70–1.12) 0.31 0.79 (0.60–1.04) 0.09
þ107932T.C Exon 10 rs2697967 0.443 0.409 0.388 0.87 (0.69�1.10) 0.25 0.79 (0.61–1.03) 0.08
þ108640T.G Exon 10 rs2697963 0.194 0.168 0.144 0.84 (0.62–1.13) 0.24 0.69 (0.48–0.99) 0.04

The ORs (95% CI) and corresponding P values shown were estimated from a log additive model using unconditional multiple logistic regression, controlling for
family history, smoking status and pack-years as covariates. P values under 0.001 are indicated in bold strokes.
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Table III. Association of two polymorphisms of RIZ and lung cancer risk according to histologic cell type in lung cancer patients

SNP Genotype Frequency Codominant model Log additive model Dominant model Recessive model

Controls, N (%) LC, N (%) OR (95% CI) P Corrected P OR (95% CI) P Corrected P OR (95% CI) P Corrected P OR (95% CI) P Corrected P

Overall
þ92337G.A GG 199 (61.8) 228 (68.9) 1 1 1 1

AG 109 (33.9) 92 (27.8) 0.75 (0.53–1.06) 0.1 ns 0.74 (0.55–0.98) 0.04 ns 0.72 (0.51–1.01) 0.05 ns
AA 14 (4.3) 11 (3.3) 0.51 (0.21–1.23) 0.13 ns 0.56 (0.24–1.34) 0.19 ns

þ95701C.A CC 188 (58.4) 221 (66.8) 1 1 1 1
AC 117 (36.3) 98 (29.6) 0.73 (0.52–1.03) 0.08 ns 0.72 (0.54–0.95) 0.02 ns 0.70 (0.50–0.97) 0.03 ns
AA 17 (5.3) 12 (3.6) 0.49 (0.22–1.10) 0.08 ns 0.54 (0.24–1.21) 0.14 ns

Adenocarcinoma
þ92337G.A GG 199 (61.8) 140 (74.8) 1 1 1 1

AG 109 (33.9) 44 (23.5) 0.55 (0.36–0.84) 0.006 ns 0.55 (0.38–0.78) 0.001 0.04 0.52 (0.35–0.78) 0.002 0.06
AA 14 (4.3) 3 (1.6) 0.28 (0.08–0.98) 0.05 ns 0.33 (0.09–1.16) 0.08 ns

þ95701C.A CC 188 (58.4) 136 (72.7) 1 1 1 1
AC 117 (36.3) 47 (25.1) 0.54 (0.36–0.82) 0.003 ns 0.54 (0.38–0.77) 0.0006 0.02 0.51 (0.34–0.76) 0.0008 0.03
AA 17 (5.3) 4 (2.1) 0.30 (0.10–0.90) 0.03 ns 0.36 (0.12–1.09) 0.07 ns

Squamous
þ92337G.A GG 199 (61.8) 44 (57.9) 1 1 1 1

AG 109 (33.9) 29 (38.2) 1.33 (0.73–2.44) 0.35 ns 1.09 (0.67–1.79) 0.73 ns 1.24 (0.69–2.22) 0.48 ns
AA 14 (4.3) 3 (3.9) 0.66 (0.14–2.93) 0.58 ns 0.59 (0.14–2.59) 0.48 ns

þ95701C.A CC 188 (58.4) 43 (56.6) 1 1 1 1
AC 117 (36.3) 30 (39.5) 1.33 (0.73–2.43) 0.35 ns 1.08 (0.66–1.76) 0.77 ns 1.23 (0.69–2.20) 0.49 ns
AA 17 (5.3) 3 (3.9) 0.63 (0.14–2.75) 0.54 ns 0.56 (0.13–2.41) 0.44 ns

LC: lung cancer cases; ns: P value is not significant at 5% significance level; corrected P value is obtained by the correction for multiple testing; The ORs (95% CI) and corresponding P values were derived from
a logistic analysis controlling for smoking status, pack-years and family history as covariates. Odds ratios that are statistically significant (corrected P , 0.05) are indicated in bold strokes.

Table IV. Association analysis among haplotypes of RIZ LD block 3 and lung cancer risk according to histologic cell type in lung cancer patients

Haplotype Frequency N, (%) Lung cancer versus controls Adenocarcinoma versus controls Squamous versus controls

Controls (n 5 322) Lung cancer (n 5 331) Adenocarcinoma (n 5 187) Squamous (n 5 76) OR (95% CI) P OR (95% CI) P OR (95% CI) P

Ht1 0 copy 149 (46.3) 139 (42.0) 73 (39.0) 37 (48.7) 1 1 1
1 copy 136 (42.2) 143 (43.2) 82 (43.9) 30 (39.5) 1.16 (0.82–1.63) 0.40 1.24 (0.83–1.84) 0.29 0.96 (0.52–1.78) 0.90
2 copies 37 (11.5) 49 (14.8) 32 (17.1) 9 (11.8) 1.36 (0.82–2.25) 0.23 1.83 (1.05–3.20) 0.03 0.78 (0.31–1.96) 0.59

Ht2 0 copy 239 (74.2) 251 (75.8) 143 (76.5) 59 (77.6) 1 1 1
1 copy 75 (23.3) 73 (22.1) 42 (22.5) 16 (21.1) 0.90 (0.62–1.32) 0.60 0.93 (0.60–1.44) 0.74 0.79 (0.40–1.57) 0.50
2 copies 8 (2.5) 7 (2.1) 2 (1.1) 1 (1.3) 0.84 (0.29–2.48) 0.75 0.42 (0.09–2.02) 0.28 0.76 (0.08–7.54) 0.81

Ht3 0 copy 271 (84.2) 285 (86.1) 162 (86.6) 67 (88.2) 1 1 1
1 copy 47 (14.6) 45 (13.6) 25 (13.4) 9 (11.8) 0.95 (0.60�1.51) 0.84 0.86 (0.51�1.47) 0.59 0.93 (0.39�2.21) 0.87
2 copies 4 (1.2) 1 (0.3) 0 0 0.24 (0.03–2.25) 0.21 — 0.98 — 0.99

Ht4 0 copy 277 (86.0) 279 (84.3) 159 (85.0) 60 (78.9) 1 1 1
1 copy 45 (14.0) 52 (15.7) 28 (15.0) 16 (21.1) 1.14 (0.73–1.79) 0.57 1.15 (0.68–1.93) 0.61 1.41 (0.68–2.89) 0.36
2 copies 0 0 0 0 — — — — — —

Ht5 0 copy 273 (84.8) 301 (90.9) 178 (95.2) 65 (85.5) 1 1 1
1 copy 49 (15.2) 29 (8.8) 9 (4.8) 11 (14.5) 0.50 (0.30–0.82) 0.007 0.28 (0.13-0.58) 0.0007 0.78 (0.34�1.78) 0.56
2 copies 0 1 (0.3) 0 0 — — — — — —

Others 0 copy 164 (50.9) 163 (49.2) 89 (47.6) 35 (46.1) 1 — 1 — 1 —
1 copy 122 (37.9) 132 (39.9) 76 (40.6) 32 (42.1) 1.18 (0.84–1.66) 0.34 1.12 (0.76–1.66) 0.56 1.72 (0.92–3.22) 0.09
2 copies 36 (11.2) 36 (10.9) 22 (11.8) 9 (11.8) 1.03 (0.61–1.75) 0.90 1.12 (0.62–2.04) 0.71 1.16 (0.45–2.96) 0.68

The ORs (95% CI) and corresponding P values were derived from logistic analysis controlling for smoking status, pack-year and family history as covariates.

R
IZ

p
o
ly
m
o
rp
h
ism

a
n
d
lu
n
g
ca
n
cer

1
9

7
5

D
ow

nloaded from
 https://academ

ic.oup.com
/carcin/article/28/9/1971/2476554 by guest on 21 August 2022



cancers including lung cancer (12,15). Frequent epigenetic inactiva-
tion of by promoter hypermethylation and frameshift mutations that
result in a truncated PR-interacting domain generated the inactivation
of the RIZ gene in many cancers (21–24). The functional importance
and genetic alteration of RIZ in human cancers make it feasible to
investigate the association between RIZ polymorphisms and lung can-
cer risk.

We studied 120 SNPs of the RIZ gene that were successfully gen-
otyped in 335 Korean lung cancer patients and 335 healthy controls.
The controls recruited among the cancer screenees at our hospital
showed a higher prevalence of a family history of cancer than the
lung cancer cases. Therefore, the association between the SNPs and
the risk of lung cancer was analyzed by controlling for the family
history of cancer, as well as other potential confounding variables
such as smoking status and pack-years. Furthermore, to correct for
the inflated false-positive (type I error) rate in multiple testing of
SNPs, we applied a statistical correction method based on the SpD
of matrices of the pairwise LD between SNPs. After the correction,
þ92337G.A and þ95701C.A still showed a statistically significant
association with a lower risk of lung adenocarcinomas. Furthermore,
the analysis of frequent haplotypes of RIZ revealed that Ht5 of LD
block 3 that included these two polymorphisms showed a significant
protective effect on lung cancer risk. Although we found additional
interesting polymorphisms associated with the lung cancer risk in LD
block 3, they were no longer significant when the correction for mul-
tiple testing was applied.

As þ92337G.A and þ95701C.A are located on intron of the
longest transcript variant, RIZ1 but not RIZ2, the variant allele of these
polymorphisms could be associated with tumor suppressive function
of RIZ1. Polymorphisms in introns may also impact the gene function
by affecting the splice donor–acceptor site, or regions nearby as well
as regulatory motifs within the introns. Further biological and/or
functional evidence is needed to confirm the genetic effects of RIZ
polymorphisms on lung cancer.

The reduced lung cancer risk associated with these two polymor-
phisms is more apparent in adenocarcinoma group than in squamous
cell carcinoma group in this case–control study. Although we have no
clear answer to explain the association of RIZ polymorphisms and
adenocarcinoma, we suspect that it may be related to different de-
mographic features of adenocarcinoma and squamous cell carcinoma
as shown in Table I. Adenocarcinoma group has higher prevalence to
female and never smoker than squamous cell carcinoma group. More
than 90% of squamous cell carcinoma patients are ever smokers.
While there are differences in demographics and smoking histories
between the two groups, the possible association between squamous
cell carcinoma and RIZ polymorphisms cannot be ruled out. As the
number of patients with squamous cell carcinoma (n 5 77) is much
smaller than that of adenocarcinoma patients (n 5 189), the effect of
RIZ polymorphisms on squamous cell carcinoma can be examined by
additional studies with larger sample sizes.

As RIZ was known as a tumor suppressor gene that silenced in
many cancers, we hypothesize that RIZ polymorphisms may show
a strong association with cancer susceptibility not only in lung cancer
but also in other cancers. Further epidemiologic studies in larger
populations are required to test our hypothesis.

Despite a protective effect of the RIZ polymorphisms, our study has
the following limitations: first, this is a hospital-based case–control
study, where the controls were recruited from among those that visited
the hospital for a cancer-screening program. Therefore, it is not sur-
prising that the prevalence of a family history of cancer is higher in the
control group than in the case group. Second, this study only considers
a Korean population that may limit the application of these findings to
other ethnic populations.

In conclusion, this is the first study to show a significant association
between polymorphisms of the RIZ gene and lung cancer risk, partic-
ularly the risk of adenocarcinomas. These results suggest that the
presence of the variant allele in RIZ may be a protective factor for
the development of lung cancer and could be an important marker of
genetic susceptibility to lung cancer.
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