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EFFECT OF SINGLE NUCLEOTIDE POLYMORPHISMS (SNPs) ON MICRORNA-221 ON TARGET
GENE IN HEPATOCELLULAR CARCINOMA (HCC) CELL LINES
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qusﬂfIIuszﬂ:ﬁﬁmmgumwaﬂsﬂga NTW biomarkers L@
iantaslumaifadelsaluszozsuuanisfonuddny vlulas
91915ua (miRNAs) 1% non-coding RNAs &n8dwg fiunun
faglunisarvqunisuaasaanvasduidudriwanuin dn1s
LiJ?iUmmaaLuﬂﬂ@haﬂ”ulumjmamuﬁtﬁuimLm:luﬂuﬂnﬁ
uanmnﬁmm%mﬂ%mnmaw‘"uﬁqmsu 'ﬁ'ay;m MiRNA HI8INAAE
M39uTed miRNAs  Lnawiseiisedasmsdnenanasana
%mm&mmmaw“ugnﬁuﬁ@‘mmm rs113054794 (A/C) Unin miR-
221 denalanIniuqunisuaaseanyasiiu Ayl hydrocarbon
receptor nuclear translocator (ARNT) lwraguziSaay (HepG2)
nasaulaun1Ia3ne miR-221 expression vector LLET’JfL’]L’lT’]g&Lmﬁ
HepG2 WazIAIzaLUNIILAAIaaN18d miR-221 68 real-time PCR
WUIINMIUEAIDaNYBS MiR-221 Lﬁugamn"ﬁuﬁa 65 L“fiﬂuﬂq'w?f
1650 miR-221 expression vector waNNNHANEIMTIUAUTERIS
miR-221 uazfiu ARNT siwdtaszwdslisunsy RNAhybrid lag
NI1TWIAT minimum free energy (mfe) WUINAMURRINHAILN
w”uﬁ;msuﬁ@hl,mm rs113054794 (A/C) UWHY® mMiR-221 FINAda
MIILILAINE miR221  uazdu ARNT #inlidn me  azlianu
LANENITHagITALI% (allele C = -25.9 kcalimol luume allele A
= 187 kealimol) NLWIaTzeUMsLEataanvesiwtnang
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fiu ARNT azm"bﬁmwmﬁldma@iamimuquﬁuﬁw] Fosududos
fimsdnmdald

fdndny: i, lulatendiduia, AnunannaEnINIENTIY

sp.medbiochemcu@gmail .com

Abstract

Hepatocellular carcinoma (HCC) is a disease with a high
mortality rate due to the disease is mostly diagnosed in severe
phase. The identification of biomarkers is important for early
diagnosis of the disease. MicroRNAs (miRNAs) are small non-
coding RNAs that play important roles in regulating the expression
of many genes and differentially expressed between patients and
healthy persons. Moreover, single-nucleotide polymorphisms
(SNPs) in miRNAs are affecting on function of miRNAs. This
research focused on the effect of SNPs rs113054794 (A/C) within
miR-221 for regulation of Aryl hydrocarbon receptor nuclear
translocator (ARNT) gene expression in HCC cell line (HepG2).
Validation assay based on construction of mi-221 expression
vector then transfected into HepG2 cells and measured the
expression level of miR-221 by real-time PCR. The result showed
that the expression of miR-221 was 65-folds increased in miR-221
transfected group. In addition, the hybridization pattern and the
minimum free energy (mfe) between miR-221 and ARNT gene
were analyzed by RNAhybrid web-based software. The result
revealed that SNPs (A/C) within miR-221 yielded exactly
difference in the hybridization pattern and mfe between
rs113054794 and ARNT gene (allele C = -25.9 kcal/mol whereas
allele A = -18.7 kcal/mol). After that, the expression level of target
gene (ARNT) was measured by real-time PCR in order to test the
silencing efficiency of miR-221. The result suggested that both
alleles of miR-221 triggered ARNT gene silencing. However,
ARNT expression level was non-statistically different between
allele C and allele A. Therefore, SNPs (A/C) within miR-221 were
affected the regulation of ARNT gene expression. However, these

SNPs may regulate other genes, which required further study.
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1. anadaguazianedyrin1iive
1.1 Hepatocellular carcinoma (HCC)

HCC saiilunziTanusiadgund (primary liver cancer) dauiln
YeiSINnuNI D wauaUA 5 aannalan qu”ﬁmim"lumiwuﬁmi
Lst'nszmﬂwmmﬂﬁmmm:mjuﬂszmns (1] lasannnsiia
Y1590U Fauaz 70-90 Azi5uduIINNs IulsAaUaNIAULT T
(chronic liver disease ) uazdLLT4 (cirrhosis) ainalun1aiiauziss
auY19nUade 2 d1u fe Yatuniuuan 13w nsdaite Taay
aniaudl (hepatitis B virus infection) ms@avtalisadusniaud
(hepatitis C virus infection) mIlasumssaninendu (aflatoxin) [2]

A A A & A ) Y
mivslnanTashauaanagad MIguynd uszdadoniwlu leun
anuAadndvesszuundduns anuleUnavasszuunmaiiuag

o A Yo d
aAuaIlulsad (Metabolism) waz MIWINTIy Mdadsfind1ian
119 UIZFINA ALTARALLAANITONLRULAZLFIWY LAANTTLAN
° A ed a o v a a
Fuwniienawnwsasniionis ldaui liinan sl foundasvas
ATWUTNTTUUALNIZLINNIT epigenetic dIHAlRNIzdUNIIINIU
PosfuNineaTednunsiiausi3y Ao oncogenes WAz tumor
suppressor genes  MAANIHIUAAUNALTASFINALALAANNT
[ I A

nneiduiraduziilunga

Tudagiudalaid biomarker  lunisamalsanziieduluszes
Fuusndililasanndiednaawuinduaiiduluszoead
mm;mm*’uaa‘[‘m@iau‘i’mmnﬁaNa‘lﬁmuﬁaﬂslumié‘"ﬂm‘[imm:
803330073089 39ldaulatin microRNAs  wgaslunnsg
Jaen esnnwuluuaSmanssfianuazinisuaaseanuad
30U microRNAs uanedtlanlusadn@ uananit microRNAs
v A a o v & Ao ' o v !
gidanuaisTaunInda e naanle Fsuuazwanaun m'lvsgjﬂw
= Y A & @ ' A a &
Wuthevaofigalunaifindadnaiaianzyina (3]

1.2 MicroRNAs (miRNAs)
. o . A
miRNAs 30134 non-coding RNAs Gaiilulatanazas RNAs s
& a a a ¢ A o a & A o ¢
gug Juwadszaiw 22 Haadlalng dunumdsaanslwie sad
uazhiw lunsmugunisuaaseanvasiu lasazldduuiiom 3'-

untranslated region (3’-UTR) 283 mRNA Lﬁﬁﬂu’mﬁ’ﬂﬁlﬁ@m’ﬁ
SUSINTEUIWNSUURTH (translational repression) #3aYaANY
mRNA L‘]j’lmﬂil (mRNA degradation) [4, 5] miRNA fununea
NILVIBNINTINIWGN LTH NMINAIWIVBILTAR (development)
mil,ﬂﬁlﬂul,l,ﬂaagﬂs'nLﬁa"l,ﬂﬁwﬁwﬁﬁuww: (differentiation)
TU3uNIuMIANBVBITRE (apoptosis) NILANTIWINDDILTSS
(proliferation) &g msmﬁauﬁmaamaﬁ (migration/ invasion) [6, 7]
Tawria'ld miRNA

1 @19z8I1N1I03UNU mRNA  tnunyld
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Taguszanm 200 wWhnany [5] a3tiumin miRNAs fisdunyvay
sraumuaasaanuandslliadnasgenaiioatasiuniaifia
lsauziSanansziia [8]

INMIANBV04 Jipeng Li UazADE: WU microRNA-221 9zl
s:cﬂ“ummamaaﬂﬁLﬁugafuhfﬁ{maagﬁtﬁﬂiﬂmﬁaﬁmmwg@
S9NANURNNUSALTWIABIRUNZISY MIAAAULT uazTzaYad
Tsauzi39 9, 10] lumséinwvas Jie Yang Wasamewuin miR-221
dufanuminzanfiaztiianlfidu biomarker vaslsauziSalu
Uszmnateidslasmansaialansly 450 wanan waziiteide [11]
PNAMIAN®I289 Giang T WazAM lAI8NUANTANHIANY
WAINAABNIINUINTIA  rs113054794 Ui miR-221 lunga
13203 Caucasian daanuiFoslumatfiauzSadun [12] uasd
lidsuns@nsiinasaInnunaInnaIen1IInRIN I
rs113054794 (A/C) Ui miR-221 daanuaunsalunsaunuiin
hwang asinnudsoiissaulafnsnavasnnunainnaiems
WWENTIW rs113054794 unuiiu miR-221 @iaﬂa"l,amimuqumi

ugasaanvasduluiasuzisaany (HepG2)

2. A NRWIUIY

Tuwiseitlfioas Hepc2 lumsdnun %a"lﬁ%”ummagmﬁ:ﬁ
NN, e o (anisanm) o, ouleziady anedm
Fuad aminmainsasmaat laoudssanidu 4 nguleun (1)
ndy control s‘fia"laiﬁmsﬁ,’]wmaﬁm%g&ma&wiﬁmﬂd transfection
agent Lﬁagwamaa transfection agent IduNsdalTasn3o ki (2)
Scramble plasmid (3) miR-221 allele A (4) miR-221 allele C Lﬂia
WisuifisuaasanamannaEmIRLInIIIdana lnmInugy

MIUFAIDaNDVDIHR

2.1 ﬁﬂﬂﬂﬁﬂﬂm:ﬂ?ﬂﬂ%ﬂ?ﬂ%ﬂ?EJ‘Y]’NWDuﬁqﬂiﬁJ‘U% miR-221
ﬁﬂ]&#']"ﬁ'aﬂﬂﬂ’l’]&maﬂﬂ%aﬁEIY]’NWV%TJ;ﬂiﬂJiJ% miR-221 IﬂfJ
11/sun3u miRNASNP v2.0 (http://www.bioguo.org/miRNASNP/)

2.2 MIUATRIULLLNITUAY (hybridization pattern) 3219
miR-221 uszdwimang

mymBwthwangsas miR-221 [7] uazlaneRIluuunTUL
289 mRNA (Hybridization pattern) Suwitmang Tasldlysunsa
RNAhybrid uaziianiwdnnanslagfinrsonaind minimum free
energy (mfe) Lm:gﬂLmumﬁuﬁ'ﬁmmLmn@mﬁuu‘%nm seed
region (nalalndi 2-8 9nen SUTR 28981 miRNA) 7idna

IMNANVURIINN G']UY]'NWVWETWSN

2.3 MIFI MiR-221 expression vector
vector §31931N
(Ambion,  Life

YUAIUNITAIT MiR-221
pSilencer™  siRNA

expression

Expression  Vectors



Technologies, USA) %dmﬂlm:ﬁ scramble siRNAs 8141308314
SiRNA ﬁ"t&iii“un”uﬁwumwwﬁ Femunsasihanlgidu control §wIL
M3 transfection & 1niinazas vector AiMsuAASBBNTES MIR-
221 lasmsin Hairpin structure LLa¢ sequence a3y miR-221 u1
mngmﬁa;&a miRbase (http://www.mirbase.org/) %1 sequence Va4
Hairpin miRNA 3nld3eninausiimansinizadian bosf BamH
waz Hindlll wialw sequence 189 miRNA Lﬁﬂiﬂluﬁﬂﬂwaﬁgnﬁaa
Iendu pSilencer hsa-mir-221 (allele A/C)

2.4 msﬁﬂwmaﬁﬂﬁﬁjmaﬁ HepG2

o Lipofectamine®2000 Reagent (Invitrogen, Life Technologies,
USA) USunas 1.25 i lumsshwanafia pSilencer hsa-mir-221
(allele A/C) 500 ng LIgLTad HepG2 lu 24-well plate 715 DMEM
(Gibco, Life Technologies, USA) NENNL 10% FBS (Gibco, Life
Technologies, USA) mmfm.iuﬁqmﬂgﬁ 37°C  uazfivSunm

asuanlaaanlad 5 % \uwaan 48 Talu9

2.5 M3aNA MRNA Uag miRNA 9nLwas HepG2

1‘1?1;@&5@ miRNA purification kit (Norgen Biotek Corp., Canada)
amuAsmInuuei lagusen o ldgmaed large RNA (50 pl) wae
small RNA (50 pl)

2.6 NIL@N Polyuridylation W& reverse transcription 284 miRNA
mature miRNAs 32624 1d30nTL&Y polyU (polyuridylated) lag
poly (U) polymerase LNRNAMNLENITEITE mMIRNA fiouflas
reverse transcription laold stem loop (SL) - poly A primer LLag
reverse transcriptase MRIINTWINUT realtime PCR ( SYBR
green dye ) lawld forward primer fisniw1ziu mRNA fidaans
fnwn uazld universal primer 1flu reverse primer lagijizen
Polyuridylation Usznav'lUeae 10x NE buffer 2.5 pl, 50 mM UTP
0.25 pl, 40 units 284 RNase inhibitor, 2 units 2834 poly (U)
polymerase (New England BioLabs Inc., UK), miRNA 100 pmol
WAzLAN nuclease free water AULIUMATY 25 pl ﬂwﬂﬁﬁ%mﬁqm
Qﬁ 37°C (duan10 wifl il’m‘ifu reverse transcription lagld
miRNA fitfin poly U ugau5anm 12.3 pl, 5x RT reaction buffer
(Thermo scientific, CA) 4.0 pl, 10 yM SL-poly A primer 0.2 pl, 10
mM dNTPs (Thermo scientific, CA) mix 2 pl, RNase inhibitor
(Thermo scientific, CA) 20 units, RevertAid reverse transcriptase
(Thermo scientific, CA) 200 units LazL@d nuclease free water A%

1eU5anas 20 pi

2.7 N7 Reverse transcription 283 mRNA
Y0381 Reverse transcription mRNA U3znaudis mRNA 11.5
ul, 5x RT reaction buffer (Thermo scientific, CA) 4.0 ul, 10 uM

random hexamer primer 1 ul, 10 mM dNTPs (Thermo scientific,
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CA) mix 2 pl, RNase inhibitor (Thermo scientific, CA) 20 units ,
RevertAid reverse transcriptase (Thermo scientific, CA) 200 units

U8zl nuclease free water wATUUTIH 20 ul

2.8 mMadSinmmsuaasaanvasiinlasle real-time PCR
1auSunm miRNA Taols Step One Plus real-time PCR (Applied
Biosystems, Foster City, CA) uazld SYBR green dye 1fjfi5en
Usznavluéie 2x Maxima SYBR Green/ROX gPCR Master Mix
(Thermo scientific, CA) 6.25 ul, 10 uM 283 primer LARzA2 0.4 ul,
cDNA 1 pl UazL@N nuclease free water AInATU 12.5 pl lasdau
flaadlalnduas primers usiaze laagd1ilu i qmgﬁ‘ﬁll‘*ﬁ‘lu
msv‘hﬂgjﬁ%mLﬁa@mmamaaﬂﬂuad miRNA-221 Uaz U6 (internal
control) fa initial denaturation "71' 94°C 3 mﬁ, Lﬁuﬂ%mmiﬂﬂl’f
gmnil 95°C 15 3w, 50°C (miR-221) W38 55°C (U6) 30 A
ey 62°C 30 wIft Hawue 50 50U muqmgﬁ'ﬁ"l“ﬂumiﬁﬂ
ﬂﬁﬁ%mﬁa@mmamaaﬂmao ARNT usz GAPDH fa initial
denaturation 71 94°C 3 Wi, vindSimlaslgaind 95 °C 15

A

A1, 58°C (GAPDH) w38 59°C (ARNT) 30 Aw1fiuaz 72°C 30

o
a a o

UM NIRNQ 50 J8U

2.9 fMWIUA relative quantitation
Juindn Threshold  cycle  (Ct)  WAFIUITLNN relative
quantitation AIFNNY
ACt (sample) = Ct (target gene sample) - Ct (Ref. gene) (1
ACt (calibrator) = Ct (target gene calibrator) — Ct (Ref. gene) (2)
AACt = ACt (sample) - ACt (calibrator) (3)
PSnandadSoufioy = 2724 @)
i nsiuasih lddmwiememeaialagld one way
ANOVA

3. HANIINARDY

3.1 WAINMIWIEMITUTEAING miR-221 1y Swdhwang
ARNT dn8ldsunsn RNAhybrid

MITUNUILHIN miR-221 NUDH ARNT URAINITILUIIH
seed region (MUIT 2-8 9INeH 5'UTR 289818 miRNA) 289
miR-221 (allele C) SUwUINEN s UL target gene lanfidn
WAI9I% minimum free energy (mfe) Winy -25.9 keal/mol Tuumue
i miR-221 (allele A) ¢ minimum free energy (mfe) LYiANL -18.7
keal/mol Taugasenn1ssuiuAtasninly mR-221  (allele  C)

\h8991ndn3ifia mismatch D310k seed region (3171 1)

3.2 NAMILLEAIB8NVYRY miR-221 luLEIiﬂET HepG2
lumnasauin mir-221 expression vector 284119 2 allele

fNIAF MiR-221 (mimic miR-221) Mulwiras HepG2 a3
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570
A) target 5' U  C GUCUG A3 S col
GUCU Ca GUGCCAGGU c &
UAGA GU UACGGUCCA :% |
miRNA 3' UU U AACA 5! £ 40 1
3
& 30-
2.
B) target 5* U ¢ GUCUG ¢ 31 e
GUCU Ca GUGC AGGU E 104
UAGA GU UACG UCCA 2o : :
miRNA 3' UU U AACA — s pSilencer  miRNA-221 miRNA-221
(scramble siRNA) (alleleA) (alleleC)
3UM 1 Hybridization pattern 52319 miRNA waziwiwang UM 2 :zAUMIUEaIaaNTDI MIR-221
WRAIMISUTZAINT MiR-221 AL LStk 3UTR dumibefl 1528 v038u muaadaan miR-221 luirad HepG2 laslu pSilencer (scramble siRNA)
\hnuny ARNT @aalusunsy RNAhybrid WUMIUFAI8aNT8Y miR-221 Sy 1.0 luumiziliasd HepG2 4
o . . a A &
A)  UEAINIINNTIVVBY miR-221 (allele C) mfe =-25.9 kcal/mol miR-221 allele A uaz allele C In1TuaAdaanvad miR-221 LWNWTH
B) URAINITNITUVAS MiR-221 (allele A) mfe =-18.7 kcal/mol 65.1 WAz 65.0 MUAAL

A o v a a 3 . . . Al
A1 waasdauiianilelndvas primers ua oligonucleotides NlTlunMImanad

Primers / oligos Sequence (5’ 3') Strand Application

GATCCGCACCTGGCATACAATGTAGATTTCTGTGTTCGTTAGGCAACAGCTACATTGTCT
miR_221-5p_TS (G) Top strand
GCTGGGTTTCGCTTTTTTGGAAA

R 221:59.85 ©) AGCTTTTCCAAAAAAGCGAAACCCAGCAGACAATGTAGCTGTTGCCTAACGAACACAGAA |
mi - ottom stran 9851 RS iR-
—oeP ATCTACATTGTATGCCAGGTGCG MWILENI MiR-221

GATCCGCACCTGTCATACAATGTAGATTTCTGTGTTCGTTAGGCAACAGCTACATTGTCTG
miR_221-5p_TS (T) Top strand
CTGGGTTTCGCTTTTTTGGAAA

AGCTTTTCCAAAAAAGCGAAACCCAGCAGACAATGTAGCTGTTGCCTAACGAACACAGAA
miR_221-5p_BS (A) Bottom strand
ATCTACATTGTATGACAGGTGCG

Stem loop (SL) poly (A) GTCGTATCCAGTGCAGGGTCCGAGGTATTCGCACTGGATACGACAAAAAAAAAAAAAAAA

expression vector

Sense Reverse transcription
(Mei et al.,2012) AAVN
Fw_Arnt_CDS389 ATGATGATCAGATGTCTAACGATA Sense
Rw_Arnt_CDS521 TCTGACAGTTCTGTGATGTAGG Antisense
GAPDH-F85 GTGAAGGTCGGAGTCAACGG Sense
GAPDH-R191 TCAATGAAGGGGTCATTGATGG Antisense
Real-time PCR

miR-221_FW (5p) ACCTGGCATACAATGTAGATT Sense
ue6 CTCGCTTCGGCAGCACA Sense
Universal gPCR_R

GCAGGGTCCGAGGTATTC Antisense

(Mei et al., 2012)

A 2 [ 4
Jldiaszaunsusaseanaas miR-221 drpinadia real-time 3.3 HAM3U3A9N83TH ARNT 3261 mRNA Lutad HepG2

a a v .
PCR #89391niin13%1 miR-221 expression vector Lfﬁ;jmjaﬁ HepG2 HINNIIANIUFAIBBNTYBILY ARNT 9130 real-ime  PCR

o . a v & ' oA
lasunwy #a relative quantitation Aalae3d Delta Ct method MII9IN - transfection NATRUALTIFITAR HepG2 Wua’lluﬂqu‘n

AAct, 4 . . Ca transfect pSilencer 3.0 H-1 7iil scramble siRNA agiiilu negativi
@) alflunmsdrwadinoudadisuidsuwuirlungy ansfect pSilencer 3.0 scramble s E egative
' £ a a a L a
s , . . ntrol wunIasiimsuaasaanvaidiu ARNT audnd luifia off-
AWANN A3 pSilencer 3.0 H-1 (scramble siRNA) azlsifimaaing eontro ©

mimic miR-221 luumeRnauiinas transfect miR-221 expression target effect mulun@umms transfect vector miRNA-221 allele A

9

1 a 2
& . v A . Az allele C WU AM3&319 miR-221 allele A uaz allele C 8anan
vector U84N3 2 allele #71358319 mimic miR-221 da3slanian allele C aflele allele C

@ o A a A
. e . . . X LRLAUNUYW ARNT LLRzAaNILEaNaanVYaIgh ARNT LAaa 12.23
relative quantitation mﬂmﬂuﬂﬁqumuq&lﬁd 65 LN (31]71 2)

WAL 6.67 % WATWUITMILRAI08NTDIEU ARNT NaA8IIZHIN

L

ﬂﬁj:&l miR-221 allele A uaz allele C uanGINUaLNg idiadAw

7]

10



‘mmﬁﬁ LL@iﬂ’]iﬂﬂﬂd“ﬂﬂdﬂ’]iLLﬁﬂOaﬁlﬂﬂlﬁldgu ARNTﬁuLL@]ﬂ@hG
L Ao o, @ aa A a o ' . Aa
EJEI’NEJ%EI&’W]E]JU‘WNﬁﬂ@]LJJamF_I‘Llﬂ‘UﬂQJJ pSilencer 3.0 H-1 1Ny
scramble siRNA (3171 3)
ARNT expression

*

[ *

Moy

100 -
90+
80+
70-
60-
50
40+
30 T
20+

104 _I__

0-

Relative percentage

p.Silencer
(Scramble siRNA)

miRNA-221
(allele A)

miRNA-221
(allele C)

Eﬂﬁ 3 JTAUMIUEAIaENUBIDH ARNT

MIuaasaanvadfis ARNT 52aU mRNA 1uload HepG2 @Anannen
Relative (Juiasiand I@Ulun@umuqm pSilencer (scramble siRNA)
Wsumsuaasaanvasin ARNT 1w 100 % luiaad HepG2 7if miR-
221 allele A uaz allele C finsuaadaanuadin ARNT anadlnRalnes

12.23 Uaz 6.67 % ANAAU

4.a§ﬂua:aﬁﬂﬁﬂuanﬁﬂﬂaaa

MITURUTEAING MiRNAs  fufudhnuneiwasssnaliiions
muqummamaan’ﬂ'mﬂwmu Tagduuunsduiuszning
miRNAs n”uﬁwﬂmmmfm:ﬁﬂmmgﬂLLUULLﬂ:ﬁ]:daNaLmﬂ@mﬂ”u
lunsmugumInaadaan win miRNAs gu3nsuiududhnany
VL@i”af_ma&JHitﬁ (perfect complementary) 2z lWans mRNA 289
ﬁmﬂmmmfugnﬁwmﬂ (MRNA  degradation) L@®1INN1TILN
32%379miRNAs ﬂ”uﬁmﬂwmmfuvlajaugﬁﬁ (partial
complementary) 91 AAMITULINTZLIUMINAATHAVEIZNY MRNA
(translation repression) [4, 5] wazWuINFU woulunsavwed
miRNAs asganadannusumzlunssunudwmunslagwui
Juuunlun13duves mRNAs a:i‘fuﬁuu‘inmﬁ{ueﬁﬂ@Ummfﬂayj’
Tuusmfianalelndi 2-8 .annesu SUTR 28988 miRNAs
(seed region) uazinazidngnULIIM FUTR va9fwtwang [13]
m”aifumsgm']miuwwzlumm”mwaf’m miRNAs fufuihnuneiu
Seazlwanudanuusiam seed  region lagwinifiaadnw
wannaanawugnIsluuTsainansdoralidwdanulu
M39U3zwing miRNAs fufudhnang wwyasuuyaslysindses
dwasiamsmqummamaamjaaﬁmﬂmmﬂ [8] ®¥aAANINU
HAMINUIEMT LIz miR221 fubwithwany ARNT fg
115un38 RNAhybrid \loifin mismatch U514 seed region 14
miR221 allele A vhlddnasaulumssunuduidwang ARNT

AARIUAZHANTULRAIBENYRIHN ARNT lsbiad HepG2 wuduenin

11
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ARNT  ubwithnansves mir-221 239 wazdsuddnanu
mwnmmmaw‘”uqmmuu miR-221 a:"l&idwa@iamimuqumi
uansaanvasdwthwanouandanuaafneidgmaaiaudlu
N§N189 MiR-221 allele C B9M330LS It seed region 8819
suysal fumilifuazaanismuanssanvesdudnany ARNT lef
Aningu miR-221 allele A F9fimssunsiam seed region ag9lal
AuyIok

ARNT w388niiaiis fa hypoxia-induced factor-1b (HIF-1B)
Ao nuclear transcription factors ayflumﬁu basic helix-loop-
helix/Per-ARNT-SIM (bHLH/PAS) superfamily \daffunszduas
#1197u31 heterodimeric ~ complex 1au3unY aryl  hydrocarbon
receptor (AHR), hypoxia-inducible factor-1a (HIF-1G)vﬁa single
minded homolog 2 (SIM) SunummaeTanwiiertasiu ane
msfsafaulandasy

P1908NTLI% (hypoxia  reaction),

(xenobiotic  metabolism) LRZNITWAINIVDIAIB 8% (embryonic
development) (duaw [14]
UaZAMLEWUIN miR-221

lus 1398909 Qinggong ~ Yuan

ANMNRNNUSNAUNITURAIBANVEY Cyclin  dependent  kinase
inhibitors  fia CDKN1B/p27 lagszaunsuaaiaanaad ARNT 2z
WUsHUATINLIZALNSULEAIaaNVEI COKNBP27 Feflunuanlu
msa%a%i’ga”ﬂwmﬁ Tan3lUsun Cyclin dependent kinase
win miR-221 fimsuaaseaninasliludugsnsrinuaasn
CDKN1B/p27 waz ARNT vinliiamafindrwinasiaaddoiu
wislwnazummsfivniiRessSeauld (15

INMIANB124 Zhen-Zhen Zhang uazamke lavinmnaaadlu
LTRRLINNZLADS HepG2 3 Tuan nsg:uﬁl,ﬂu HCC, acute HBV
infection W8z chronic HBV infection Lia1fiauss@umMILgAsaanvas
miR-221WuTlungw acute HBV infection 3zdun1suaasaanyas
miR-221 aaad chronic HBV infection 432AUNTUEAIBANYBS MIR-
221 aluszaun@ daulungu HCC dszduniiuaataanvad miR-
221 geniUnd [16] MWIIBV04 Pascal UazAMWUI miR-221 &
i'zcﬁummamaanﬁga’i‘fu‘lu@ﬁtﬂu‘[mmL%ﬁ@”u [15] WazszalnIg
LLamaaﬂﬁLﬁmgwfwuao miR-221 fgunsnialensanludsuves
Qﬂaw%amn%mﬁamam”u Tag miR221 azlUissmafingiuan
°uaauﬁa&m:aﬂmsm%fﬂﬂLﬁumaﬁﬁﬁ%ﬁwﬁﬁwLW']:ﬁmqmﬁwmﬁa
w”mm"lmﬂuu:ﬁm”uluﬁq@ miR-221 [17, 18] las miR-221 au
Lﬁmﬁaaﬂ”um:mumimma@éﬁyzywml,%gjmaﬁ (mitogenic
signaling pathway) W19 Receptor tyrosine kinases (RTKs) lag
\{la RTKs ﬁ'mm:"l,ﬂniz@fu pathways filauguWusiAEITs
AUMSWaM VoL Taduz15s nitsluiinde phosphoinositide  3-
kinase (PI3K) ‘fidgnm“’u&f&miﬁﬂmﬂm Phosphatase and Tensin
homolog (PTEN) 'lail#lunszdu AKT pathway 1#¥inau laswin



miR-221 gaﬂdwﬂﬂmﬂazﬁuzﬁmsﬁnmmaa PTEN LAan13nazeu
AKT pathway Sxalwdaigannaasilifnmfuiwinsessss,
MIETBAVAILTAN UATNIUNINTZINLVBILTASUITS wananit
miR-221 #39UNYU MRNA Lﬂwmmluﬂ@:waa Cyclin dependent
kinase inhibitors &IHAIARANITULRAIEDNVR CDKN1B/p27 iae
CDKN1C/p57 Afianuddnlumsniunuipinsisad dniadly
fugsmsriaues Cyclin dependent kinases (CDKs) lauf
CDK1, CDK2, CDK4, uaz CDK6 liliaunu Cyclin 1w phase #1479
ganalwigansimassmansnduiinlylaegemasaniigng (17-20]
wazmsfifuhnansvas miR-221 d01i9 CDKN1B/p27 waz ARNT
Lazn 13U A e LU AINITNEAI08NT8 ARNT 95 FINAG 8
CDKN1B/p27 ﬁﬁuwmnz%m”zylm”m”ﬂsmai [15] FIRNNT
Wisuudssnisuaaseanvesduidinuioiitosnnainainy
WAINAANLNAUINTIN V% miR-221  Fsanadnadannuaan
TumsifalsausiSouazenadinauandenuluszozdns guadlinay
snisuseSiuasuzSeudedasdimsdnmiiududel lnawiaa
sl,mm%ﬁi”uf:agﬂvleﬁmmnﬁmmmaw"ugnsm rs113054794
(A/C) U1 miR-221 VL&idmadamsmuqumsLLamaaﬂ"uaaﬁu
e ARNT atnafispindnymesia adilsfiamueiasinade

a A A o v A =2 '
ﬂqﬁﬂﬁﬂﬂ&lﬂ%ﬂuﬂ ‘ﬁﬂﬁ]']Lﬁu@]aﬁ&lﬂ']iﬂﬂH’]@]avlﬂ

AaAnsNszne
1878UQUNUIARYUNIIANBITTAUT A AN B 9nLTudia
InwIay agwmamtﬁwﬁ‘ﬂmé'ﬂ Woladuanasalyniad
WIRLNANLAINIZIIAEN TN AR LATNTIATYWITTUANLATY
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