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ABSTRACT MicroRNASs play a central role in the regulation and management of gene expression. miR-196a2,
miR-423, and miR-146a were shown to regulate the protein expression in breast cancer signaling pathways. Known
SNPs in these miRNAs (rs11614913, rs6505162, and rs2910164) have demonstrated their relationship with breast
cancer risk in some populations. This study aimed to identify the association between three selected SNPs and breast
cancer risk among Vietnamese women. The HRM and TAPMA genotyping methods were performed in 300 cases
and 300 healthy controls, supporting the case/control analysis method. Statistical analysis showed two of three
selected SNPs were associated with breast cancer risk in Viethamese. CC genotype of rs11614913 (OR (95% Cl) =
1.64 (1.15 — 2.35), P = 0.006) and CG genotype of rs2910164 (OR (95% CIl) = 1.44(1.04 — 1.98), P = 0.027)
significantly increase breast cancer risk. Haplotype analysis indicated that two haplotypes ((rs11614913T-
rs2910164G-rs6505162A) and (rs11614913T-rs2910164C- rs6505162C)) strongly reduce the risk of the disease.

INTRODUCTION

Breast cancer isthe leading cause of cancer
deaths among women around the world (Torre
et al. 2015). In Vietnam, breast cancer incidence
hasincreased steadily from acrude rate of 13.8
per 100,000 women in 2000 to 20.3 per 100,000
women in 2012, with approximate 11,060 new
casesand around 4,670 death casesin the coun-
try (GLOBOCAN 2012; Laneta. 2013). Alarge
number of breast cancer cases in Vietnam are
diagnosed at alater stage of development, mak-
ing them more difficult to treat. The percentage
of breast cancer casesin Vietnam with stage (O-
1) is 14.7 percent, whereas those with stage |1
and (111-1V) are 61.2 percent and 27.6 percent,
respectively (Trieu et al. 2015). Thesefacts point
out the alarm statusin the healthy awareness of
Vietnamese people, particularly in woman.

Although breast cancer isacomplex disease,
its development comprises of many biological
differencesat the molecular level. Several stud-
ies have suggested that microRNAs (miRNAS)
play important roles in the pathogenesis of
breast cancer (Esquel a-K erscher and Slack 2006;
Jansson and Lund 2012). MiRNAsaresmall, sin-
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gle-stranded, non-coding RNAs with between
17 and 25 nucleotides that can bind to mMRNAs
to regulate expression of over a half of al the
protein-coding genes in humans. Hence, miR-
NAs can affect many processesin the devel op-
ment of cellssuch asproliferation, proliferation,
apoptosis, and tumorigenesis (Esquel a-K erscher
and Slack 2006; Jansson and Lund 2012).

Many researchers have shown that SNPsin
miRNAs (miRSNPs) could potentially affect the
structure, maturation, binding at the target site,
aswell astheexpression level of maturemiRNA,
and hence influence cancer risk (Mishra and
Bertino 2009; Salzman and Weidhaas 2013; Guo
et al. 2016). Among miRSNPsin breast cancer
susceptibility, rs2910164 in miR-146a, rs6505162
inmiR-423, and rs11614913in miR-196a2 have
been found to be associated with an elevated
risk of breast cancer in different populations.

Pastrello et al. (2010) found that the breast
cancer incidencerate at ayoung age was higher
inltalianwomen carryingthe C alleleof rs2910164
(GC+CCvs. GG P=0.024; GCvs. GG P=0.026).
This SNP has aso been shown to be signifi-
cantly associated with breast cancer risk in Chi-
nese(CCvsGG: OR (95%Cl) =1.85(1.03-3.32), P
=0.04) (Qi andWang et al. 2015), Australians (G
vsC: OR (95%Cl) =1.77 (1.40—2.23), P< 0.0001)
(Upadhyayaand Smith et al. 2016), and Europe-
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ans(CCvs GG: OR (95%Cl)=1.29(1.02-1.63),P
=0.032) (Lianetal. 2012).

The CC genotype of rs6505162 has a high
incidence rate in breast cancer cases among
Caucasian populations (CC vsAA: OR (95% Cl)
=0.50(0.27-0.92), P=0.03) (Smith and Jedlinski
et al. 2012). In South American women, AA gen-
otypes have been shown to increase the dis-
easerisk (AAvsCC: OR (95% Cl) =1.4(1.0—
1.9); P=0.05) (Moralesand Gulppi et al. 2016).
However, the associati on between rs6505162 and
breast cancer risk hasnot beenfound in Zhang's
study (Zhang et al. 2017).

SNPrs11614913 (C/T) SNP has been demon-
strated to relate to breast cancer in Chinese (CC
vsTT: OR (95%Cl) = 1.37 (1.08-1.74), P=0.011)
(Hu et al. 2009). Several meta-analyses also
showed that rs11614913 was associated with the
risk of breast cancer (Hu et al. 2009; Qi et al.
2015; Zhang et al. 2017).

The association between three SNPs and
breast cancer just hasindividually evaluated in
some countries, but not in Vietnam. Hence, the
crucial purposefor thisresearchisserved asthe
fundamental basement for further breast cancer
studies associated to these SNPs, and promote
the disease's administration in future not only
Vietnam, but alsointheworld.

Objective

To identify the relationship between
rs2910164, rs6505162, and rs11614913 and breast
cancer risk in aVietnamese population.

METHODOLOGY
Sudy Population

Breast cancer cases were identified by the
presence of malignant tumor in the breast of the
patients, who underwent surgery in the Oncolo-
gy Hospital inHo Chi Minh City, in the South of
Vietnam. Average age of the patientswas47.8 +
4.7 years. Healthy controlswere healthy female
volunteerswho were confirmed to be cancer free
by an annual health check. Average age of the
healthy control group was46.3+ 5.0 years. Blood
sampleswere collected from all participants (con-
trols were matched to the cases according to
age and ethnic grouping, that is, Kinh — Viet-
namese). This study was approved by the Ethi-
cal Committee of Oncology Hospital —-HCMC
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Vietnam under the decision number 177/HDPD-
CPT, 18" November 2014.

SamplePreparation

Blood sampleswere collected from 300 breast
cancer cases and 300 healthy controls. Genomic
DNA was extracted from whole blood using a
salting-out method following Hue et a.’s proto-
col (Hue et al. 2012) with some modifications.
DNA samples were evaluated by spectropho-
tometry using the NanoDrop 1000 Spectropho-
tometer (Thermo Fisher Scientific, USA) to de-
termine DNA concentration and purity. High
purity (A260/A280= 1.7 - 2.0) and high concen-
tration (> 10ng/ul) DNA samples have been used.

SNP Genotyping

In process of designing a genotyping meth-
od for a SNP, the nucleotide sequence around
the SNP need to be investigated. The sequence
of SNPs were identified using Genbank (Hos-
sainand Kuo et a. 2006). Primerswere designed
using Web-based Primer3plus software (An-
dreasand Harm 2007). The predicted high-reso-
lution melting curves were established using
uMdt (Wittwer 2006). Primer Blast tool and NCBI
Blast tool (NCBI 1988) were used to test primers
for specificity. Primer secondary structureswere
checked by OligoAnalyzer 3.1 software (Joseph
1987). The SNP genotyping assays were per-
formedinaLightCycler 96 System (Roche Diag-
nostics Penzberg Germany).

SNP rs11614913 (C/T) and rs6505162 (A/C)

SNPrs11614913 and rs6505162 were geno-
typed using real-time PCR high-resolution melt-
ing (HRM) analysis (Wittwer and Reed et al.
2003). Optimization was performed for each set
of primers to determine suitable conditions for
HRM analysis where three different genotypes
of each SNP could be recognized easily. The
SNP genotyping assayswere executed by Light-
Cycler 480 High-Resolution Melting Master
(Roche Diagnostics, Germany) and a LightCy-
cler 96 Instrument with a96-well thermal block
(Roche Diagnostics). Sequences of primers are
described in Table 1.

PCR amplification and HRM analyseswere
carried out in areaction containing 1X HotStar-
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Table 1: Primer sequences for two SNPs rs11614913
and rs6505162 genotyped using Real-time PCR
high-resolution melt analysis

SNP Forward primer
sequence (5 — 3')

Reverse primer
sequence (5' — 3')

rs11614913 CGCTCAGCTGAT GTTGGGGC
CTGTGGCTTA CCTCGACGAA
TTTTCCAAAAG GCCCCTGAGAG
CTCGGTCTGAGG CATCCAAGC

rs6505162

Taq buffer (Qiagen), 200 uM each dNTP (Prome-
0a), 0.2 uM forward primer (Sigma), 0.2 UM re-
verse primer (Sigma), 2.5 mM MgCl, (for
rs11614913) or 3.5 mM MgCl, (for rs6505162)
(Qiagen), 2.5 unitsHotStarTaq (Qiagen), Light-
Cycler®480 ResoLight Dye (Roche), 20 ng DNA
and molecular H,O (Qiagen).

Thermal cycf&for PCR amplification con-
sisted of aninitial pre-incubation at 95°C for 15
minutes followed by 40 cycles of a denaturation
step at 95°C for 30 seconds, an annealing step at
the optimal annealing temperature for each SNP
for 30 seconds (64°C and 66°C for rs11614913 and
rs6505162, respectively), and an elongation step
at 72°C for 30 seconds. High-resolution melting
analysiswerefollowed by heatingto 95°Cfor 1.5
minutes and cooling to 40°C for 60 seconds. Fi-
nally, those samples were heated to 65°C for 30
seconds and to 95°C for 1 secondsin continuous
acquisition modewithtemperaturerampat 0.04°Cls.
Finally, the reactions were cooled at 4°C. One
negative control and three positive controls of
each SNP (genotypes confirmed by Sanger se-
guencing) were included in each run to ensure
the identified genotype accuracy.

Thetypical HRM curvesfor rs11614913 and
rs6505162 were demonstrated in Figure 1. Based
on the melting peak characteristics of DNA am-
plificationsinthe Real-time PCRHRM, acriteria
was set as standard for genotype identification.
Themelting temperature difference (ATm) of two
homozygous melting peaks had to belarger than
0.05 and the heterozygotes was distinguished
by their two-peak shape (Figs. 1A and 1B). Be-
sides, three other criteriabasing on the melting
curve characteristics and threshold value (Ct
value) were used for genotypeidentification. (1)
The Ct value must be under 30 cycles. (2) There
must beacrossing (at middle) inthennormalized
melting curves between heterozygote and lower
Tm homozygote but does not split the higher
Tm homozygote. (3) The difference plot where

lower Tm homozygote is served as baseline,
there must be an opposite division for heterozy-
gote and higher Tm homozygote is lied on the
upper side.

SNP rs2910164 (C/G)

SNPrs2910164 was genotyped using Tetra-
Arms-PCR Méelting Analysis (TAPMA) (Baris
and Etlik et al. 2013). Optimization was per-
formed to determine suitable conditionsfor Tet-
ra-ARMS PCR wherethree different genotypes
of each SNP could be recognized easily. The
SNP genotyping assays were executed by Hot-
StartTaq DNA Polymerase (Qiagen) and aLight-
Cycler®480 ResoLight Dye (Roche). Primers se-
quences for genotyping are described in Table
2

Table 2: Primer sequences for SNP rs2910164 gen-
otyped using Tetra-Arms PCR high-resolution
melt analysis

Primer Sequence (5’ -3')

Forward inner primer TGGGTTGTGTCAGTGTCA

(G allele) GACCTC
Reverse inner primer CCCAGCTGAAGAACTGA
(C alele) ATTTCAC
Forward outer primer GGGTCTTTGCACCATCTC
TGAAAA
Reverse outer primer TCAAGCCCACGATGACA
GAGATA

TAPMA reaction were carried out in areac-
tion containing 1X HotStarTaq buffer (Qiagen),
200uM each dNTP (Promega), 0.2 uM forward
outer primer (Sigma), 0.2 UM reverse outer prim-
er (Sigma), 0.4 uM forward inner primer (G allele)
(Sigma), 0.5 UM Reverseinner primer (Callele)
(Sigma), 3.5mM MgCl, (Qiagen), 2.5 unitsHot-
StarTaq (Qiagen), LightCycler®480 ResoLight
Dye (Roche), 20 ng DNA and molecular H,O
(Qiagen).

Thermal cycles for PCR amplification con-
sisted of aninitial pre-incubation at 95°C for 15
minutesfollowed by 40 cycles of adenaturation
step at 95°C for 30 seconds, an annealing step at
64 °C for 30 seconds, and an elongation step at
72°C for 30 seconds. High-resolution melting
analysis were followed by heating to 95°C for
1.5 minutes and cooling to 40°C for 60 seconds.
Finally, those samples were heated to 65°C for
30 seconds and to 95°C for 1 secondsin contin-
uous acquisition mode with temperature ramp at
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Fig. 1. High resolution melt curves depicting three distinct genotypes for all three SNPs
(A) rsl11614913, (B) rs6505162, (C) rs2910164
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0.04°C/s. Finally, the reactions were cooled at
4°C. One negative control and three positive
controls of each SNP (genotypes confirmed by
Sanger sequencing) were included in each run
to ensure the identified genotype accuracy.

The ideal Tetra-ARMS PCR results for
rs2910164 wereillustratesin Figure 1C. The het-
erozygote CG wasidentified based on three dis-
tinct peaks comprising aninternal control (Tm =
84.64 £ 0.08°C), allele G product (Tm=83.80 +
0.07°C), and allele C amplicon (Tm = 81.80 +
0.10°C). For homozygote CC, there were only
two peaks consists of an internal control (Tm =
84.64+0.08°C), and apesk at 81.80+0.10°C. The
last genotype (homozygote GG) was recognized
thanks to two separated peaks including an in-
ternal control (Tm=84.64+ 0.08°C) and apesk at
83.80+£0.07°C.

All SNPsinthe Primary Set, comprising 106
breast cancer cases and 116 healthy controls
that were randomly selected from the Full Set,
were initially genotyped to identify genotype
and allele frequencies for examination of the
potential polymorphism and association. Fur-
ther validation for potential associated SNPswas
performed in the remaining 194 breast cancer
cases and 184 healthy controls to make up the
Full Set of 300 breast cancer cases and 300
healthy controls.

Satistical Analysis

R 386 3.2.2. wasused for statistical analysis
of the association between the individual SNPs
or the haplotypes and breast cancer risk. Thresh-
old for the significant association was set as P
value = 0.05. The frequencies of genotype and
alleleinside single SNP were presented in per-
centage. Initially, Hardy-Weinberg equilibrium
(HWE) was used to eval uate the distribution for
identification of unexpected popul ation or geno-
typing biases (Hardy 1908; Guo and Thompson
1992). Thereafter, Chi-square test (Fisher cor-
rection) was used to determine the differences
in allele and genotype frequencies between cas-
es and controls in the populations (Fisher and
Yates 1963). The disease risk was evaluate us-
ing oddsratio (OR) and 95% confidenceinterval
(95% CI) to figure out whether the allele or gen-
otype can decrease or increase the risk of inci-
dence. Association and haplotype analyseswere
carried out using ‘ SNPassoc’ and * haplo.stats
package.

RESULTS

Genotyping and Association Analysisin the
Primary Set

All SNPshad aminor allelefrequency (MAF)
higher than 20 percent (Table 3) indicating their
high polymorphism in the Vietnamese popula-
tion. Cases and controls for the three selected
SNPswerein agreement with HWE (Puwe > 0.05)
(Table 3), especialy inthe control group, imply-
ing that there wasanormal distribution between
genotypes inside each SNP in the tested popu-
lation. Asalso shownin Table 3, the Chi-sgquared
test indicated that there was asignificant differ-
ence between breast cancer cases and healthy
controlsfor both allelic and genotypic frequen-
cy of rs11614913 (Pgenotype = 0.04, Paige = 0.03),
but not rs6505162 (P > 0.05). The genotypic anal-
ysisof rs2910164 demonstrated significant dif-
ferences between cases and control s with @ Pgenoype
of 0.02. However, thedl€elic anaysisdid not sup-
port the difference (Paiee = 0.14) (Table 3). The
small samplesizemay bealimitation of thisanal-
ysis. Nevertheless, together with the informa-
tion about the strong association between the
risk alleleand the disease, the SNPsrs11614913
and rs2910164 were considered morelikely to be
potential SNPs for further analysis in the Full
Set.

Association Analysisin the Full Set

Genotyping was continued in the remaining
samples to evaluate the Full Set of 300 cases
and 300 controls, and the frequencies of aleles
and genotypes were assessed (Table 4). For
rs11614913, there was a significant difference
between cases and controlsat the allelic (Pajge =
0.05) and genotypic (Pgenoype = 0.02) level. For
rs2910164, there was only a significant differ-
encein genotype distribution between casesand
controls (Pgenoype = 0.05).

Further association analysis of genetic mod-
elsof rs11614913 and rs2920164 was carried out
(Table5). TheCalleleof rs11614913 was associ-
ated with the increased risk of breast cancer (C
vsT: OR (95%Cl) =1.28 (1.02—-1.61), P=0.033).
The CC genotype had a 1.55 times higher risk
than the reference group (CC vs CT + TT: OR
(95%CI) =1.64 (1.15—2.35), P=0.006). Asthe
CT genotype does not appear to be related to
diseaserisk (P=0.672), the Calelemight havea
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Table 3: Allele and genotype frequencies for three SNPs in the Primary Sset
SNP Genotype Allele Pve
TT cC CT C T
rs11614913 Case 14 37 49 123 77 1
(n = 100) -14% -37% -49% -62.50% -37.50%
Control 28 29 55 113 111
(n = 112) -25% -25.90%  -49.10% -50.40% -49.60%
P Chi-square 0.04 0.03
AA cC CA A C
rs6505162 Case 5 67 34 44 168 0.33
(n = 106) -4.70% -63.20%  -32.10% -20.80% -79.20%
Control 3 64 49 55 177
(n = 116) -2.60% -55.20%  -42.20% -23.70% -76.30%
P Chi-square 0.24 0.53
GG cC CG G C
rs2910164 Case 7 39 54 68 132 0.77
(n = 100) -7% -39% -54% -34% -66%
Control 22 41 49 93 131
(n = 112) -19.60% -36.60%  -43.80% -41.50% -58.50%
P Chi-square 0.02 0.14
Table 4: Allele and genotype frequencies for rs11614913 and 2910164 in the Full Set
SNP Genotype Allele Piwe
T CcC CT T C
rs11614913 Case 68 104 128 264 336 0.14
(n = 300) -22.70% -34.70%  -42.60% -44% -56%
Control 74 73 152 300 298
(n = 300) -24.80% -24.40%  -50.80% -50.20% -49.80%
P Chi-square 0.02 0.05
GG CcC CG G C
rs2910164 Case 34 115 152 220 382 0.73
(n = 300) -11.30% -38.20% -50.50% -36.50% -63.50%
Control 49 127 125 223 379
(n = 300) -16.30% -42.20%  -41.50% -37% -63%
P Chi-square 0.05 0.96

recessive effect. For rs2910164, the CG geno-
type clearly 1.44-fold increased breast cancer
risk against thereferencegroup (CG vsCC + GG:
OR (95%Cl) =1.44(1.04—-1.98), P=0.027).

HaplotypeAnalyss

Following this, the researchers combined
genotyping results to conduct haplotype asso-

ciationanalysisfor rs11614913 (C/T), rs6505162
(A/C), and rs2910164 (C/G). Table 6 showsthe
hapl oty pe frequencies and association analysis
for three SNPs. According to the researchers
findings, both cases and controls had the high-
est frequency of haplotype CCC (35 % in cases
and 19.6 % in controls) which could be used as
the reference. The statistical analysis have
proved that haplotype TCC and TAG decreased
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Table 5: Association between genetic models of three SNPs and breast cancer risk in the Full Set

SNP Model OR 95% ClI P
rs11614913 CCvs TT 1.55 0.99 — 2.42 0.053
CTvs. TT 0.92 0.61 - 1.37 0.672
CC+CTvs TT 1.12 0.77 — 1.64 0.549
CCvs. CT+TT 1.64 1.15 - 2.35 0.006
Cvs. T 1.28 1.02 - 1.61 0.033
rs2910164 GGyvs. CC 0.77 0.46 — 1.27 0.301
CGyvs. CC 1.34 0.95 — 1.90 0.095
GG +CGvs.CC 1.18 0.85 - 1.64 0.318
GGvs. CG+CC 0.65 0.41 - 1.05 0.075
CGvs. CC + GG 1.44 1.04 — 1.98 0.027
Cvs. G 0.98 0.78 — 1.24 0.858
Table 6: Haplotype frequencies and association analysis for three SNPs
Haplotype rs11614913 rs2910164 rs6505162 Frequency (%) OR 95% ClI P
Cases Controls
1 (intercept) C C C 35 19.6 1 -
2 C C A 8.4 9.5 0.47 0.16 - 1.38 0.17
3 C G C 15.1 20.3 0.43 0.17 - 1.08 0.07
4 C G A 3.6 1.9 1.3 0.20 — 8.32 0.78
5 T C C 15.3 26 0.32 0.13 - 0.81 0.02
6 T C A 7.5 3.4 1.9 0.32-11.25 0.48
7 T G C 13.4 11.8 0.62 0.26-144 0.27
8 T G A 1.7 7.5 0.12 0.02 - 0.60 0.01

the breast cancer risk (TCC vs. CCC: P = 0.02
and OR (95% Cl) =0.32 (0.13-0.81); TGA vs.
CCC: P=0.01and OR (95% Cl) =0.12 (0.02—
0.60)). These results suggest that the individu-
alswho carry these two haplotypes seemsto be
protected against breast cancer risk.

DISCUSSION

The number of breast cancer incidence and
mortality are increasing despite the current
knowledge on the disease. MicroRNASs are in-
volved in molecular pathways leading to cell
growth, differentiation and survival. There is
enough evidence to show they play a signifi-
cant role in the mechanisms that lead to devel-
opment and progression of different types of
cancer, including breast cancer.

Inthisstudy, three SNPsinthree miRNA genes
encoding miRNAsinvolved in the regulation of
cell development have been genotypedinaViet-
namese case-control cohort. Among the geno-
typed SNPs, rs6505162 were found to not show
an association with breast cancer risk, but the
remaining two, rs11614913 and rs2910164, showed
a significant association with the risk of breast
cancer in the Vietnamese population cohort.

Intheliterature, SNPrs6505162 was shown
to be strong associated with breast cancer risk
in Australian (CC vsAA: OR (95% CI) = 0.50
(0.27-0.92), P=0.03) and South American (AA
vsCC: OR (95% Cl) =1.4(1.0-1.9); P=0.05)
(Smithetal. 2012; Moraleset al. 2016). Never-
theless, the meta-analysis in Chinese and Cau-
casians also failed to support the association
between rs6505162 and breast cancer risk (Hu et
a. 2014; Zhang et a. 2017). In this study, the
researchers found that this SNP was not signif-
icantly associated with breast cancer risk in this
Vietnamese cohort, with P values of genotype
and alele frequencies being higher than 0.05
(Table 3). These contradictory results indicate
that the SNP is associated with breast cancer
risk in a specific ethnicity and population (Mi-
zoo et al. 2013). It is possible that this SNP is
related to breast cancer progression, dueto their
being located in low-penetrance genes coding
pre-miR-423. MiR-423 was reported to promote
cell cycle progress at the G1/S checkpoint
through down-regulating the expression of the
tumour suppressor p21 in the p53 pathway
(Kasashimaet al. 2004). Thus, the presence of
rs6505162 may cause disordersin the breast cell
cycle via the effect on the expression or pro-
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cessing of mature miR-423. These evidences
supported a further association study of
rs34678647 to evaluate to relation with breast
cancer risk in Vietnamese women.

The two remaining SNPs, rs11614913 and
rs2910164, were found to be significantly asso-
ciated with breast cancer risk in the Vietnamese
cohort (Table 5). In details, the C allele of
rs11614913 wasindicated to increase the risk of
breast cancer 1.28times(Cvs. T: OR (95% Cl) =
1.28(1.02—1.61) and P=0.033) in Vietnamese
women. Particularly, the CC genotype of
rs11614913 increased the risk of breast cancer
1.64-fold comparedto CT and TT genotypes(CC
vs.CT+TT: OR(95%Cl)=1.64(1.15-2.35),P=
0.006) with the power analysis at 67.6%. Inter-
estingly, the similar significant association re-
sult of this SNP was found in other studies in
Chinese population, a with the P values being
much lower than 0.01 (Hu et al. 2009; Qi et al.
2015; Dai et al. 2016). Thissimilarity can be ex-
plained by the close geography and the same
ancestry leading to exchange genetic variants.

For rs2910164, carriers of the CG genotype
have a 1.44 fold higher risk in the Viethamese
population (CGvs. CC+GG: OR (95%Cl)=1.44
(1.04-1.98), P =0.027) with the power analysis
at 60.2 percent. Interestingly, the CC genotype
of rs2910164 was demonstrated to increase the
breast cancer risk in Chinese population (CCvs
GG: OR (95%Cl) =1.85(1.03-3.32), P=0.04) (Qi
et al. 2015), whilethe G alele of rs2910164 was
observed to be associated with increased risk
Australian populations (G vsC: OR (95% CI) =
1.77 (1.40-2.23), P<0.0001) (Upadhyayaet a.
2016). This contradictory result indicates that
rs2910164 may be evolved in areversefunction
under a specific population.

An explanation for the association of
rs11614913 and rs2910164 and breast cancer has
recently been proposed. SNPrs11614913 (C/T)
located in the mature sequence of miR-196-a2,
was shown to regulate cell proliferation through
down-regulating two tumour Suppressors,
GADDA45G and INHBB, in breast cancer cells
(Hoffman et al. 2009). The mutant C allele of
rs11614913 may cause changesin the function of
miR-196-a2, thereby not allowing the inhibition
of expression of two target genes, resulting in
altering breast cell development. SNPrs2910164
(C/G) islocated inthe 3p maturemiRNA-146are-
gion. The optimal free energy declined when
changed from a G to a C allele, due to aless

245

stable secondary structure for the C alele com-
pared with the G allele. This emphasised that
rs2910164 altersthe expression of mature miR-
146a. The high levels of miR-146a enables en-
hanced silencing of the BRCA1 gene. Down reg-
ulation of BRCA1 will reduce the DNA repair
function and allow damaged cells to progress
into S phase leading to breast cancer cell devel-
opment (Shen et al. 2008).

Analysis of the eight haplotypes present in
thegroup rs11614913/rs2910164/rs6505162 was
conducted. Among them, haplotype 1 isthe most
common haplotype in both cases and controls,
which could be used as the reference. The hap-
lotype TCA and haplotype TGA were strongly
associated with the decreased risk (TCA vs.
CCC: OR (95%Cl) =0.32(0.12-0.81), P=0.02;
and TGA vs. CCC: OR (95%Cl) = 0.11 (0.02 —
0.60), P=10.01). Thisstrong association indi cat-
ed these two haplotypes could be potential
biomarkersfor breast cancer risk in the Vietham-
ese population.

CONCLUSION

In conclusion viaanalysisof three SNPsfrom
threemiRNAS, rs11614913 and rs2910164 were
identified significant association with suscepti-
bility to breast cancer. The interaction between
three SNPs, rs11614913(C/T)/rs2910164(C/G)/
rs6505162(A/C), at the haplotypelevel wasalso
strongly associated with breast cancer risk. The
presence of the TCA or TGA haplotype signifi-
cantly decreased therisk of breast cancerin Viet-
namese women. A further validationinthelarger
populations, as well as functional studies are
necessary to determine whether or not thesein-
dividual SNPs and the haplotypes may be used
ashiomarkersfor early prediction of breast can-
cer risk in Vietnamese popul ation.

RECOMMENDATIONS

Studies with larger sample sizes are neces-
sary to confirm these findings. The outcomewill
provideinformation to devel op new biomarkers
for risk assessment of breast cancer in Vietham.
Further analysis within subgroups of breast
cancer should be done to understand in more
detail the association between SNPs and each
sub-type, such as Her2-positive, ER-positive,
PR-positive, or triple negative breast cancers.



246 TRAN THI HONG MINH, NGUYEN THI NGOC THANH AND NGUYEN THI HUE

ACKNOWLEDGMENTS

Thisresearch isfunded by Vietnam National
Foundation for Science and Technology Devel-
opment (NAFOSTED) under grant number 106-
Y S.01-2013.09. The authorswould like to thank
the Oncology Hospital-HCMC for their contri-
bution to collecting samples.

REFERENCES

Andreas U, Harm N. Primer3Plus 2007. From <http://
www. bioinformatics.nl/cgi-bin/primer3plus/primer
3plus.cgi> (Retrieved on 5 May 2016).

Baris |, Etlik O, Koksal V, Ocak Z, Baris ST 2013. SYBR
green dye-based probe-free SNP genotyping: intro-
duction of T-Plex real-time PCR assay. Anal Bio-
chem, 441: 225-231.

Dai ZM, Kang HF, Zhang WG, Li HB, Zhang SQ et al.
2016. The associations of single nucleotide polymor-
phisms in miR196a2, miR-499, and miR-608 with
breast cancer susceptibility: A STROBE-compliant ob-
servational study. Medicine (Baltimore), 95: €2826.

Esquela-Kerscher A, Slack FJ 2006. Oncomirs — mi-
croRNAs with arole in cancer. Nature Review, 6: 259-
269.

Fisher RA, Yates F 1963. Satistical Tables for Biologi-
cal, Agricultural and Medical Research. Edinburgh:
Oliver and Boyd.

GLOBOCAN. GLOBOCAN 2012: Estimated Incidence,
Mortality and Prevalence Worldwide in 2012 2012.
From <http://globocan.iarc.fr/Pages/fact_sheets  popu-
lation.aspx> (Retrieved on 5 May 2017)

Guo SW, Thompson EA 1992. Performing the exact
test of Hardy-Weinberg proportion for multiple alle-
les. Biometrics, 48: 361-372.

Guo Z, Shu 'Y, Zhou H, Zhang W 2016. Identification of
diagnostic and prognostic biomarkers for cancer: Fo-
cusing on genetic variations in microRNA regulatory
pathways (Review). Molecular Medicine Reports, 13:
1943-1952.

Hardy GH 1908. Mendelian proportions in a mixed pop-
ulation. Science, 28: 49-50.

Hoffman AE, Zheng T, Yi C, Leaderer D, Weidhaas J et
al. 2009. microRNA miR-196a-2 and breast cancer: a
genetic and epigenetic association study and func-
tional analysis. Cancer Research, 69: 5970-5977.

Hossain A, Kuo MT, Saunders GF 2006. Mir-17-5p reg-
ulates breast cancer cell proliferation by inhibiting
translation of AIB1 mRNA. Molecular and Cellular
Biology, 26: 8191-8201.

Hu Y, Yu CY, Wang JL, Guan J, Chen HY, et a. 2014.
MicroRNA sequence polymorphisms and the risk of
different types of cancer. Sci Rep, 4: 3648.

Hu Z, Liang J, Wang Z, Tian T, Zhou X et al. 2009.
Common genetic variants in pre-microRNAs were
associated with increased risk of breast cancer in Chi-
nese women. Hum Mutat, 30: 79-84.

Hue NT, Chan NDH, Phong PT, Linh NTT, Giang ND
2012. Extraction of human genomic DNA from dried
blood spots and hair roots. International Journal of
Bioscience, Biochemistry and Bioinformatics, 2: 21.

Jansson MD, Lund AH 2012. MicroRNA and cancer.
Mol Oncol, 6: 590-610.

Joseph W OligoAnalyzer 3.1-IDT 1987. From <https://
sg.idtdna.com/calc/andyzer> (Retrieved on 5 May 2016)

Kasashima K, Nakamura Y, Kozu T 2004. Altered ex-
pression profiles of microRNAs during TPA-induced
differentiation of HL-60 cells. Biochem Biophys Res
Commun, 322: 403-410.

Lan NH, Laohasiriwong W, Stewart JF 2013. Survival
probability and prognostic factors for breast cancer
patients in Vietnam. Glob Health Action, 6: 1-9.

Lian H, Wang L, Zhang J 2012. Increased risk of breast
cancer associated with CC genotype of Has-miR-146a
Rs2910164 polymorphism in Europeans. PLoS One,
7: €31615.

Mishra PJ, Bertino JR 2009. MicroRNA polymorphisms:
The future of pharmacogenomics, molecular epide-
miology and individualized medicine. Pharmacoge-
nomics, 10: 399-416.

Mizoo T, Taira N, Nishiyama K, Nogami T, Iwamoto T
et al. 2013. Effects of lifestyle and single nucleotide
polymorphisms on breast cancer risk: A case-control
study in Japanese women. BMC Cancer, 13: 565.

Morales S, Gulppi F, Gonzalez-Hormazabal P, Fernan-
dez-Ramires R, Bravo T et al. 2016. Association of
single nucleotide polymorphisms in Pre-miR-27a, Pre-
miR-196a2, Pre-miR-423, miR-608 and Pre-miR-618
with breast cancer susceptibility in a South American
population. BMC Genet, 17: 109.

NCBI Analyze 1988. From <https://www. ncbi. nim.nih.
gov/home/analyze/> (Retrieved on 5 May 2016).

Qi P, Wang L, Zhou B, Yao WJ, Xu S et a. 2015. Asso-
ciations of miRNA polymorphisms and expression
levels with breast cancer risk in the Chinese popula-
tion. Genet Mol Res, 14: 6289-6296.

Salzman DW, Weidhaas JB 2013. SNPing cancer in the
bud: microRNA and microRNA-target site polymor-
phisms as diagnostic and prognostic biomarkers in
cancer. Pharmacol Ther, 137: 55-63.

Shen J, Ambrosone CB, DiCioccio RA, Odunsi K, Lele
SB et al. 2008. A functional polymorphism in the
miR-146a gene and age of familia breast/ovarian can-
cer diagnosis. Carcinogenesis, 29: 1963-1966.

Smith RA, Jedlinski DJG, Weinstein PN, Haupt SR, Grif-
fiths LR 2012. A genetic variant located in miR-423
is associated with reduced breast cancer risk. Cancer
Genomics & Proteomics, 9: 115-118.

Torre LA, Bray F, Siegel RL, Ferlay J, Lortet-Tieulent J
et a. 2015. Global cancer statistics 2012. CA Cancer
J Clin, 65: 87-108.

Trieu PD, Mello-Thoms C, Brennan PC 2015. Female
breast cancer in Vietnam: A comparison across Asian
specific regions. Cancer Biol Med, 12: 238-245.

Upadhyaya A, Smith RA, Chacon-Cortes D, Revechon
G, Bellis C et al. 2016. Association of the microRNA-
Single Nucleotide Polymorphism rs2910164 in
miR146a with sporadic breast cancer susceptibility: A
case control study. Gene, 576: 256-260.

Wittwer. uUMELT HETS 2006. From <https://www. dna.
utah.edu/hets/umh.php> (Retrieved on 5 May 2016).

Wittwer CT, Reed GH, Gundry CN, Vandersteen JG, Pry-
or RJ 2003. High-resolution genotyping by amplicon
melting analysis using LCGreen. Clinical Chemistry,
49: 853-860.

Zhang H, Zhang Y, Zhao X, Ma X, Yan W et a. 2017.
Association of two microRNA polymorphisms miR-
27 rs895819 and miR-423 rs6505162 with the risk
of cancer. Oncotarget, 8: 46969-46980.

Paper received for publication on April 2017
Paper accepted for publication on July 2018



