Medicine

OBSERVATIONAL STUDY

Genetic Polymorphisms in Long Noncoding RNA H19 Are
Associated With Susceptibility to Breast Cancer in
Chinese Population

Zongjiang Xia, PhD, Rui Yan, MD, Fujiao Duan, MD, Chunhua Song, PhD, Peng Wang, PhD,
and Kaijuan Wang, PhD

Abstract: H19, a maternally expressed imprinted gene transcribing a
long noncoding RNA, has previously been reported to be involved in
tumorigenesis and cancer progression. However, the association
between the H19 polymorphisms and breast cancer (BC) susceptibility
has remained elusive. The aim of this study was to evaluate the
associations between 2 H19 haplotype tagging SNPs (rs3741219
T>C, rs217727 C>T) and the risk of breast cancer.

Our study comprised 464 BC patients and 467 cancer-free controls
in China. rs3741219 and rs217727 were genotyped with polymerase
chain reaction-restriction fragment-length polymorphism (PCR-RFLP)
and created restriction site PCR (CRS-RFLP) assays, respectively.
False-positive report probability (FPRP) was calculated to test the
false-positive association.

On performing univariate analysis, no significant association
between H19 polymorphisms (rs3741219 and rs217727) and BC was
observed. However, in further stratified analyses, CT+TT genotypes of
rs217727 had a significantly lower risk of breast cancer among women
with number of pregnancy >2 (OR =0.79; 95% CI=0.55-0.97). CT
genotype of rs217727 was associated with ER positivity (OR =2.19; 95
% CI=1.07—4.45) and HER-2 positivity (OR = 1.34; 95 % CI = 1.05—
2.12). It was proved that our results were less likely to be false positives
according to false-positive report probability calculation.

Our findings extend available data on the association of HI19
polymorphisms and BC susceptibility. Further validation in large
population or cohort studies is needed.

(Medicine 95(7):e2771)

Abbreviations: 95% CI = 95% confidence interval, BC = breast
cancer, CRS-RFLP = created restriction site-restriction fragment-
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length polymorphism, ER = estrogen receptor, FPRP = false-
positive report probability, HER-2 = human epidermal growth
factor receptor-2, IGF2 = insulin-like growth factor 2, IncRNA =
long noncoding RNA, OR = odds ratio, PCR-RFLP = polymerase
chain reaction-restriction fragment-length polymorphism, PR =
progesterone receptor, SNPs = single nucleotide polymorphisms.

INTRODUCTION

reast cancer is the most frequently diagnosed malignant

tumor and the first leading cause of cancer death among
women.' > The development of BC is a complex and multi-
factorial process, and numerous epidemiological studies have
identified several risk factors for BC, involving multiple repro-
ductive factors and susceptibility genes.** Previous genomics
researches have provided evidence to support that single
nucleotide polymorphisms (SNPs) in several genes were associ-
ated with the risk of BC®” and may contribute to the carcino-
genesis of BC.

Long noncoding RNAs (IncRNAs) are defined as tran-
scribed RNA molecules that are >200 nucleotides, lacking open
reading frame, and having no obvious protein-coding
capacity.®? Several IncRNAs have been reported to be associ-
ated with cancers,'®'" including BC. The handful of aberrantly
expressed IncRNAs in different cancers suggests that IncRNAs
contribute to carcinogenesis, and deliver functions in control-
ling cell cycle progression, apoptosis, invasion, and
migration.'? Single nucleotide polymorphisms (SNPs) have
been confirmed to have profound effects on gene expression
and function, and participate in carcinogenesis. Recently, stu-
dies on the effects of SNPs have extended to functional
IncRNAs. For example, HOTAIR has been widely identified
to participate in tumor pathogenesis, acting as a promoter in
colorectal cancer carcinogenesis.'> HOTAIR 1s7958904 CC
decreased the risk of colorectal cancer compared with GG
genotype'* and HOTAIR 15920778 TT carriers had increased
gastric cancer risk.'® Increased breast cancer risk was associated
with the lincRNA-ENST00000515084 rs12325489 CC and CT
genotype when compared with the rs12325489 TT genotype.'®
rs11752942 AG+GG in the lincRNA-uc003opf.1 exon had
a significantly reduced risk of esophageal squamous cell
carcinoma."”’

Another IncRNA that may play an important role in
carcinogenesis is H19. LncRNA H19 is an imprinted gene,
located on human chromosome 11p15.5, encodes a 2.3-kb long,
capped, spliced, and polyadenylated noncoding RNA.'® H19 is
abnormally expressed in several tumors, and it acts as either a
tumor suppressor,'®** or an oncogene.?' Increasing evidence
suggests that H19 genetic variants play important roles
in the development of cancers. For example, CT+TT
r$2839698 in H19 was associated with significantly increased
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gastric cancer risk.>> A significantly decreased risk of bladder
cancer was found for H19 rs2839698 TC carriers.”> However,
according to our latest knowledge, no research has been exe-
cuted to evaluate the H19 polymorphism and the risk of BC. On
the basis of the above description, we hypothesized that func-
tional SNPs in H19 might have association with the BC risk. We
genotyped 2 H19 haplotype tagging SNPs in a population-based
case—control study comprising 464 BC patients and 467 age
frequency matched controls from China. The associations
between the H19 SNPs and breast cancer risk were investigated
by molecular epidemiology.

MATERIALS AND METHODS
Study Population

There were 464 BC patients and 467 cancer-free controls
in our study. All subjects were genetically unrelated ethnic Han
Chinese women. Patients with newly pathologically confirmed
breast cancer were recruited from the First Affiliated Hospital of
Zhengzhou University and the Third Affiliated Hospital of
Zhengzhou University between 2014 and 2015. We then
selected 467 healthy participants, who are genetically unrelated
with cases, free of any cancer and having no the history of
chronic diseases, as our control group, from a database con-
sisting of >20,000 subjects participated community-based
chronic diseases program in Henan province during the same
time period that the cases were collected. All healthy controls
were frequency matched to the cancer patients on the basis of
their age (42 years).

A structured questionnaire was used to retrieve reproduc-
tive information on the subjects, such as age, age of menarche,
premenopausal or postmenopausal, age of menopause, number
of pregnancy, number of abortion, breast-feeding history for
born baby (yes, no), and family history of BC in first-degree
relatives (yes, no). The questionnaires were administered by
trained interviewers through face-to-face interviews, and
informed consent was obtained from each study participant.
Pathological data of BC patients, including of the estrogen
receptor (ER), progesterone receptor (PR), and human epider-
mal growth factor receptor-2 (HER-2) status, were collected by
immunohistochemistry (IHC) from the patients’ pathology
reports. The study was approved by the ethical review commit-
tee of Zhengzhou University Committee for Medical and Health
Research Ethics.

DNA Extraction

Venous blood (5 mL) was collected into a test tube contain-
ing ethylene diamine tetra acetic acid (EDTA) from each BC
patient and healthy women control. Genomic DNA was

extracted from peripheral blood samples using the DNA Extrac-
tion Kit of TITANGEN BIOTECH (Beijing) according to the
manufacturer’s instructions. The extracted DNA was stored at
—80°C until use.

SNPs Selection and Genotyping

Haplotype-tagging SNPs in IncRNA H19 in the chromo-
somal region 11p15.5 were selected by using Haploview soft-
ware 4.2, based on the Chinese Han population data of HapMap
(HapMap Data Rel 28 Phase II + III, August 10, on NCBI B36
assembly, dbSNP b126). We searched tagging SNPs that cap-
tured all the known common SNPs located in the chromosome
locus transcribed into H19 and its flanking region (2000 bp
upstream and 2000bp downstream, respectively). Finally, 2
tagging SNPs (rs3741219 T>C, rs217727 C>T) that located
in the H19 were selected, with a pairwise correlation 7* >0.8.
The genotyping of rs3741219 was determined by polymerase
chain reaction-restriction fragment-length polymorphism
(PCR-RFLP), whereas rs217727 was genotyped with created
restriction site PCR (CRS-RFLP) assays.

The primers designed by Primer 6.0 software used for
PCR amplification were 5'-CCCCCTGCGGCGGACGGTTGA
-3 (forward) and 5-GGCGTAATGGAATGCTTGAA-3'
(reverse) for rs3741219, and 5'-ACTCAGGAATCGGCTCTG-
GAAGGTG-3/(forward) and 5'- GATGTGGTGGCTGGTGGT-
CAACGGT-3'(reverse) for 1s217727 (Table 1). PCR
primers were further verified by NCBI BLAST (http://blast.
ncbi.nlm.nih.gov/Blast.cgi/) to assess the possibility of
amplifiation of any nonspecific DNA sequences and
synthesized commercially.

For each sample, PCR amplification was performed in a
final volume of 30 nL, which contained 15 ul 2 x Tap PCR
MasterMix, 0.5 pL each primer (10 uM), 50 ng DNA, and
13 pL deionized water. Thermocycling conditions of PCR were
as follows: initial denaturation at 95 °C for 5 min, 35 cycles of
PCR consisting of denaturation at 94 °C for 30 s, optimal
annealing temperature (61.0 °C for rs3741219, and 63.0 °C
for rs217727) for 45 s and extension at 72 °C for 45 s, and final
extension step of 72 °C for 5min. In addition, the restriction
enzyme Hhal and Rsrll (Fermentas, Canada), selected by WAT-
CUT website (http://watcut.uwaterloo.ca/watcut/watcut/tem-
plate.php), were used for genotyping of rs3741219 and
rs217727, respectively.

All analyses were performed without knowledge of the
case or control status for quality control. Totally 10% of the
study populations were randomly selected from both cases and
controls to confirm the genotyping results by the direct sequen-
cing (BGI Sequencing, Beijing). The results of confirmation
were found to be 100% concordant.

TABLE 1. PCR Information of the 2 SNPs

Genotyping  Annealing
SNP Chr:position MAF* Assay Tm (°C) Primers
rs3741219 T>C  Chr11:995389 C=0.292 PCR-RFLP 61.0 Sense: CCCCCTGCGGCGGACGGTTGA
Antisense: GGCGTAATGGAATGCTTGAA
rs217727 C>T Chr11:1995678 T=0.320 CRS-RFLP 63.0 Sense: ACTCAGGAATCGGCTCTGGAAGGTG

Antisense: GATGTGGTGGCTGGTGGTCAACGGT

MAF = minor allele frequency.

*Based on the Chinese Han population data of the international HapMap project.
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TABLE 2. Characteristics of Breast Cancer Cases and Cancer-Free Controls

*

Characteristics Cases (%) (n=464) Controls (%) (n=467) P OR (95% CI)
Age (mean + SD) 48.444+10.29 48.91+£9.99 0.60
Age at menarche (mean + SD) 14.45+£1.79 1425+1.75 0.49
Age at menopause
<50 118 (71.95) 149 (81.42) 1
>50 43 (26.22) 30 (16.39) 0.03 1.81 (1.07,3.006)
Unknown 3(1.83) 4 (2.19)
Menstrual history
Premenopausal 249 (53.66) 259 (55.46) 1
Postmenopausal 164 (35.34) 183 (39.19) 0.63 0.93 (0.71,1.23)
Unknown 51 (10.90) 25 (5.35)
No. of pregnancy
0-2 176 (37.93) 209 (44.75) 1
>3 230 (49.57) 216 (52.67) 0.09 1.26 (0.96,1.66)
Unknown 58 (12.50) 42 (8.98)
No. of abortion
0-2 357 (76.94) 375 (80.30) 1
>3 47 (10.13) 43 (9.21) 0.58 1.15 (0.74,1.78)
Unknown 60 (12.93) 49 (10.49)
Breast-feeding
No 21 (4.53) 31 (6.64) 1
Yes 404 (87.07) 399 (85.44) 0.20 1.50 (0.84,2.65)
Unknown 39 (8.40) 37 (7.92)
Family history of BC
No 407 (87.72) 419 (89.72) 1
Yes 19 (4.09) 12 (2.57) 0.21 1.63 (0.78,3.40)
Unknown 38 (8.19) 36 (7.71)

BC =breast cancer, CI = confidence interval, OR = odds ratio, SD = standard deviation.

* Two-sided X test, P < 0.05 was considered statistically significant.

Analysis

Hardy—Weinberg equilibrium (HWE) was evaluated by a
goodness-of-fit chi-squared (x?)-test to compare the observed
genotype frequencies with the expected ones among the cancer-
free control subjects. The differences in the distributions of age,
reproductive variables, as well as the SNPs genotype frequen-
cies between BC cases and controls, were appraised by using
Student’s ¢ test for continuous variables, whereas the chi-
squared (x?) test was used for categorical variables. The
relationship between genetic variants and case—control status
was examined using unconditional logistic regression analysis
(Stepwise selection), with adjustments for age, age at menarche,
status of menopausal, number of pregnancy, number of abor-
tion, breast-feeding history for born baby, family history of BC
in first-degree relatives. Odds ratio (OR) and its corresponding
95% confidence interval (95% CI) were calculated to estimate
the strength of association between the H19 polymorphisms and
risk of BC. Furthermore, the data were stratified by age and
reproductive factors to evaluate the stratum variable-related
ORs among various H19 SNPs. Haplotype analysis was con-
ducted using the online SHEsis (http://analysis.bio-x.cn/myA-
nalysis.php). For all significant genetic effects observed in our
study, the false-positive associations were calculated by FPRP
with prior probabilities of 0.001, 0.01, 0.1, and 0.25. The OR
was set at 1.5 under dominant genetic model, and a probability
< 0.5 was considered as noteworthy. Statistical analysis was

Copyright © 2016 Wolters Kluwer Health, Inc. All rights reserved.

performed by using SPSS 16.0 software package (SPSS Inc.,
Chicago, IL). All tests were 2 sided and a P value < 0.05 was
considered to be statistically significant.

RESULTS

Population Characteristics

The detailed demographic and reproductive characteristics
of study subjects were illustrated in Table 2. The mean age was
48.44 +£10.29 and 48.91 +9.99 years for BC cases and healthy
controls, respectively. As expected, the mean age for 2 groups
paired quite well. No significant differences between cases and
control groups with respect to most of the baseline characteristic
factors, including age, age at menarche and menopause, men-
strual history, No. of abortion, breast-feeding, and family
history. Only women with older age of menopause (>50)
was found to be associated with significant increased BC risk
(OR=1.81; 95% CI=1.07-3.00).

H19 Genotypes and BC Risk

The genotype distribution of 2 tagSNPs and their associ-
ations with BC risk were shown in Table 3. No significant
deviations from Hardy—Weinberg equilibrium for the 2 poly-
morphisms was found among the 467 healthy controls
(P >0.05). Genotyping results showed that only rs217727
CT was significantly associated with decreased BC risk
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TABLE 3. Genotype Among Cases and Controls and Their Association With BC Risk

*

Genotype Cases (%) (n=464)  Controls (%) (n=467) P Pt OR (95% CI)f Pt OR (95% CI)*
rs374129
TT 238 (51.29) 245 (52.46) 1 1
TC 186 (40.09) 182 (38.97) 0.71  1.05(0.80, 1.38) 031  1.23 (0.83,1.83)
cc 40 (8.62) 40 (8.57) 0.458 090  1.03 (0.64,1.65) 0.54  1.25(0.61,2.54)
TC+CC 226 (48.71) 222 (47.54) 0.72  1.05(0.81,1.36) 021  1.23(0.85,1.79)
T 662 (71.34) 672 (71.95) 1
C 266 (28.66) 262 (28.05) 029  1.10 (0.92,1.31)
15217727
cc 160 (34.48) 139 (29.76) 1 1
CT 156 (33.62) 212 (45.40) 0.01  0.64 (0.47,0.87) 0.57  0.88 (0.56,1.37)
TT 148 (31.90) 116 (24.84) 0.052 055  1.11 (0.80,1.55) 0.17  1.40 (0.87,2.27)
CT+TT 304 (65.52) 328 (70.24) 0.14  0.81 (0.61,1.06) 0.75  1.07 (0.72,1.59)
C 476 (51.29) 490 (52.46) 1
T 452 (48.71) 444 (47.54) 0.61  1.05(0.88,1.2)

BC =breast cancer, CI = confidence interval, OR = odds ratio.
* P value of Hardy—Weinberg equilibrium in controls.

Chi-square test for genotype distributions between cases and controls.

*Data were calculated by logistic regression analysis (stepwise selection) with adjusted for age, age at menarche, menopausal status, number of
pregnancy and abortion, breast-feeding status, family history of BC in first-degree relatives.

(OR=0.64; 95% CI=0.47-0.87). However, the significant
decreased BC risk was lost in multivariate analysis
(OR=0.88; 95% CI=0.56—1.37), after adjusted for age, age
at menopause, menopausal status, number of pregnancy and
abortion, breast-feeding status and family history of BC in first-
degree relatives. Neither the variant TC, CC, TC+CC geno-
types nor C allele of rs3741219 had significant association with
risk of BC.

Haplotype Analyses

We further evaluated the combined effect of the 2 poly-
morphisms on the risk of BC by using the haplotype analysis. A
total of 4 haplotypes were derived from the observed genotypes
(Table 4), of which T,s3741219 Trs217727 Was the most common
haplotype in cases and controls. No significant association with
BC risk was observed for these 4 haplotypes.

Combined Effect of 2 SNPs

We then categorized the 2 SNPs into the number of com-
bined variant alleles to further analyze their possible joint effect

TABLE 4. Haplotype Analysis of rs374129 and rs217727
Polymorphism Sites in H19

Cases  Controls OR
Haplotype™ (%) (%) X P (95% CI)
cc 15975 16643  0.117  0.73 0.96
(17.2) (17.8) (0.76,1.22)
CT 10625 9557  0.713  0.40 1.13
(11.4) (10.2) (0.85,1.52)
TC 31625 32357  0.066 0.79 0.98
(34.1) (34.6) (0.81,1.18)
TT 34575 34843 0.000 0.98 1.00
(37.3) (37.3) (0.83,1.20)

BC =breast cancer, CI = confidence interval, OR = odds ratio.
* SNPs sequence: 1s374129 and rs217727.

and potential locus—locus interaction on BC risk. As shown in
Table 5, individuals with 1 mutation allele had 39% decreased BC
risk when compared to individuals with 0 mutation allele
(OR=0.61; 95% CI=0.40-0.91). No statistical risk for BC
in other subgroups and no increased dose-dependent manner were
observed on the combined effect of the 2 SNPs.

Stratified Analysis of SNP Genotypes and BC Risk

Next, we performed a stratified analysis using logistic
regression to evaluate the associations between H19 poly-
morphisms and BC risk. As indicated in Table 6, CT+TT
genotypes of rs217727 had a significantly lower risk of breast
cancer among women with no. of pregnancy >2 (OR=0.79;
95% CI=0.55-0.97).

TABLE 5. Combined Effect of the 2 SNPs on Breast Cancer

Combined  Cases Controls OR

SNPs* (%) (%) P P (95% CI)

0 78 (16.81) 61 (13.06) 1

1 133 (28.66) 172 (36.83) 5.99 0.01 0.61 (0.40,0.91)

2 181 (39.01) 175 (37.47) 1.11 0.29 0.81 (0.55,1.20)

3 65 (14.01) 52 (11.14) 0.01 0.93 0.98 (0.60,1.60)

4 7 (1.51) 7 (1.50) 0.19 0.66 0.78 (0.26,2.35)
0.33" 0.56

Total 464 467

CI = confidence interval, OR = odds ratio, SNPs = single nucleotide
polymorphisms.

“The SNPs: rs374129, rs217727. <“0” represents rs3741219 TT with
rs217727 CC. ““1”” represents rs3741219 TC with rs217727 CC, and
rs3741219 TT with rs217727 CT. *2”’ represents rs3741219 TT with
rs217727 TT, 1s3741219 CC withrs217727 CC, and rs3741219 TC with
rs217727 CT. *3” represents 1s3741219 CC with rs217727 CT, and
rs3741219 TC with rs217727 TT. “‘4>’ represents rs3741219 CC with
rs217727 TT.

"Trend chi-square and P values.
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TABLE 6. Stratification Analysis of the 2 SNPs Polymorphisms and BC Susceptibility

rs3741219 (TT/TC+CC)

rs217727 (CC/CT+TT)

Variables Case Control OR (95% CI)* Pt Case Control OR (95% CI)* d
Age

<50 153/138 142/140 1.16 (0.71,1.492) 0.55 99/192 88/194 1.03 (0.61,1.73) 0.91

>50 85/88 103/82 1.41 (0.81,2.47) 0.23 61/112 51/134 1.03 (0.56,1.88) 0.92
Age at menarche

<14 130/120 150/135 1.26 (0.78,2.03) 0.33 81/169 80/205 0.85 (0.52,1.41) 0.54

>14 81/81 82/74 1.25 (0.68,2.30) 0.47 59/103 53/103 1.52 (0.79,2.95) 0.21
Age at menopause

<50 59/59 87/65 1.53 (0.78,3.00) 0.22 38/80 39/113 1.19 (0.56,2.50) 0.65

>50 24/17 23/111 1.37 (0.49,3.87) 0.55 19/28 7/25 0.63 (0.21,1.87) 0.41
Menopause

Premenopausal 130/119 128/131 1.13 (0.68,1.88) 0.64 83/166 87/172 1.12 (0.66,1.90) 0.68

Postmenopausal 82/82 105/78 1.33 (0.75,2.34) 0.33 57/107 46/137 1.06 (0.58,1.95) 0.86
No. of pregnancy

<2 87/89 102/107 1.04 (0.56,1.95) 0.90 57/119 63/146 0.88 (0.45,1.71) 0.72

>2 120/110 122/94 1.28 (0.80,2.06) 0.31 81/149 66/150 0.79 (0.55,0.97) 0.03
No. of abortion

<2 184/173 204/171 1.33 (0.89,1.98) 0.17 123/234 118/257 1.00 (0.66,1.51) 0.98

>2 22/25 19/24 1.01 (0.35,2.95) 0.98 15/34 9/34 1.68 (0.47,6.01) 0.42
Breast-feeding

No 11/10 19/12 1.86 (0.71,4.87) 0.21 4/17 10/21 1.41 (0.55,3.63) 0.47

Yes 206/198 209/190 1.25 (0.85,1.84) 0.27 139/265 118/281 0.99 (0.66,1.50) 0.98
Family history

No 211/196 215/204 1.24 (0.84, 1.82) 0.28 141/266 129/290 1.06 (0.71,1.60) 0.77

Yes 9/10 8/4 0.67 (0.19,4.93) 0.69 7/12 3/9 2.33 (0.20,7.56) 0.50

CI = confidence interval, OR = odds ratio.

* Adjusted for age, age at menarche, menopausal status, number of pregnancy and abortion, breast-feeding status, family history of BC in first-

de%ree relatives (the stratified factor in each stratum excluded).
P value for the heterogeneity test.

Receptor Status and BC risk

We further demonstrated the association of rs3741219 and
15217727 polymorphism genotypes with the clinicopathological
features in Table 7, including ER status, PR status and HER-2
status. In the case only analysis, compared with CC genotype of
rs217727, CT genotype was associated with ER positivity
(OR=2.19; 95 % CI=1.07-4.45) and HER-2 positivity
(OR=1.34; 95 % CI=1.05-2.12). No significant association
was found between rs3741219 variants and ER, PR, HER-
2 status.

FPRP Calculation

We further calculated the FPRP values for all significant
genetic effects observed in our study (Table 8). When we set the
prior probability at 0.1, the association between rs217727
CT+TT genotypes and breast cancer for subjects with no. of
pregnancy>2 was still significant (FPRP = 0.188). The positive
association between individuals with 1 mutation allele and
breast cancer was still noteworthy (FPRP = 0.295).

DISCUSSION

In the present molecular epidemiological study, we inves-
tigated the effects of 2 potentially functional polymorphisms
(rs217727 and 1s3741219) presented in H19 on BC

Copyright © 2016 Wolters Kluwer Health, Inc. All rights reserved.

susceptibility through a population-based case—control study
in a Chinese Han population. To the best of our knowledge, this
is the first study to examine the role of H19 polymorphism in
BC tumorigenesis. No significant association between H19
polymorphisms (rs3741219 and rs217727) and BC risk was
observed in our study. However, in further stratified analyses,
CT+TT genotypes of rs217727 had a significantly lower risk of
breast cancer among women with no. of pregnancy>2
(OR=0.79; 95% CI=0.55-0.97). CT genotype of rs217727
was significant associated with ER positivity (OR =2.19; 95 %
CI=1.07-4.45) and HER-2 positivity (OR=1.34; 95 %
CI=1.05-2.12). Our findings support the hypothesis that
potentially functional SNPs of H19 may play a role in the
etiology of BC and H19 genetic mutation may have interaction
with ER and HER-2 during human breast tumorigenesis.
Previous studies have indicated that IncRNAs could deli-
ver functions in controlling cell cycle progression, apoptosis,
invasion, and migration. A genetic variation on IncRNA may
change the IncRNA structure, affect the stability of the IncRNA,
influence the level of IncRNA expression, and contribute to
carcinogenesis. For example, a study by Wu et al, reported that
when compared with the A allele, the rs11752942G allele could
markedly attenuate the level of lincRNA-uc003o0pf.1 by binding
micro-RNA-149, and affect esophageal squamous cell prolifer-
ation and tumor growth.'” Li et al founded that rs12325489 C to
T base change could disrupt the binding site for miRNA-370,

www.md-journal.com | 5
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TABLE 8. FPRP Values for Associations Between BC risk, ER, and Genotypes in Stratified Factors

Prior Probability

BC, ER, Positive OR

Genotype Stratified Factors HER-2 95% CI)* P 0.25 0.1 0.01 0.001
Age at menopause>50 1.81 (1.07,3.06) 0.03 0.250 0.498 0916 0.991

rs217727 CT /CC All subjects 0.64 (0.47,0.87) 0.0l 0.032 0.090 0.522 0917
CT /CC All cases 2.19 (1.07,4.45) 0.03 0380 0.684 0.953 0.995

CT /CC All cases HER-2 1.34 (1.05,2.12)  0.03 0.480 0.735 0.968 0.997

CT+TT/CC  No. of pregnancy>2 0.79 (0.55,0.97)  0.03 0.072 0.188 0.718 0.963

No. of mutation allele  1/0 All subjects 0.61 (0.40,0.91) 0.01 0.122 0.295 0.822 0.979

BC =breast cancer, CI =confidence interval, ER = estrogen receptor, HER-2 = human epidermal growth factor receptor, OR = odds ratio.

*The crude OR.

" The logistic regression analysis of the genotype frequency distributions.

breast cancer cells.>® Compared with ERa-breast tumors, ERa+
breast tumors exhibited a higher expression of H19.*" In our
study, we investigated the association between the H19 poly-
morphism and estrogen receptor (ER), progesterone receptor
(PR), and human epidermal growth factor receptor-2 (HER-2)
for the first time. In the case only analysis, rs217727CT
genotype were associated with ER positivity (OR=2.19; 95
% CI=1.07-4.45) and HER-2 positivity (OR=1.34; 95 %
CI=1.05-2.12), which was a novel finding. It is possible to
propose the hypothesis that H19 genetic mutation may have
interaction with ER and HER-2 during human breast tumor-
igenesis. It is worthwhile to better understand and clarify the
underlying molecular mechanisms in future studies.

Haplotype was accepted as a group of correlated SNPs that
are located in the same homologous chromosome and passed on
to descendants together as a whole.>> Haplotype contained
multiple SNPs information, and the statistical power of haplo-
type analysis was stronger than analysis of single SNP.** This
study analyzed haplotypes of rs3741219 and rs217727, and no
significant positive or negative association with BC risk was
found in the 4 haplotypes. This may because the borderline
significant increased BC risk of rs3741219 could exhibit its
restraint upon the significant reduced BC risk of rs217727. In
order to find more credible evidence on the association between
H19 haplotype and BC risk, further studies on larger popu-
lations are required.

The results of molecular epidemiology studies were
always accompanied by high probability of false positive.>*~
36 In order to test the false-positive associations, we sub-
sequently calculated the FPRP for all significant genetic effects
observed in our study. The association between rs217727
CT+TT genotypes in subjects with no. of pregnancy >2 and
breast cancer, and the positive association between individuals
with 1 mutation allele and breast cancer were still noteworthy,
which imply the functional SNPs in H19 might be involved in
the breast cancer development with a high likelihood.

There were some strengths of this study that should be
noted. First, although the role of H19 in multiple diseases has
been reported, this is the first study investigating genetic
variation of H19 in relation to breast cancer susceptibility.
Second, the whole controls in our study were selected from
people in a large sampling survey based on community, not
from hospital, diminishing the effect of selection bias. To avoid
the prevalence—incidence bias, the cases in our study were all

Copyright © 2016 Wolters Kluwer Health, Inc. All rights reserved.

newly pathological diagnosed. The controls and the cases were
matched on age, and the baseline characteristic distributions
were similar between the 2 groups. Therefore, we believed that
selection bias was not substantial and not likely to influence the
analyses of our study. Furthermore, for all significant genetic
effects observed in our study, we further adjusted potential
confounding factors in final analyses and calculated the FPRP.
It is proved that our results were less likely to be false positives
or false negative according to the FPRP results. However, some
limitations of the present study should be mentioned. The
statistical power of the present study may be restricted by
the sample size and large proportion of missing data for some
variable. And our study did not include detection of the
influence of the H19 variants on its expression and activity.
Therefore, further studies are worthwhile to validate whether
H19 SNP could affect the expression of H19 and the etiology
of BC.

In conclusion, the present population-based case—control
study provided the first evidence that H19 rs217727 might play
an interaction with ER positive and HER-2 positivity during
human breast tumorigenesis. H19 genetic polymorphisms
(rs3741219 and rs217727) may have no association with
breast cancer risk after adjusted for reproductive variables.
The study may require confirmation in larger prospective
studies and different ethnicities with a gene expression
functional assay.
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