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3’-UTR : 3’-untranslated region
Ago  Argonaute
ARD-1 . Arrest-defective-1
ARE : AU-rich element
ARNT : Aryl hydrocarbon receptor nuclear translocator
AHR : Aryl hydrocarbon receptor
bHLH : basic helix-loop-helix
BNip3 : Bcl-2/adenovirus EIB 19-kDa interacting protein 3
CDK : Cyclin-dependent kinase
CIP : Calf intestinal alkaline phosphatase
CTAD : C-terminal activation domain
DGCRS : DiGeorge syndrome critical region gene 8
DMEM : Dulbecco’s modified Eagle’s medium
Exp5 : Expotin5
FBS : Fetal bovine serum
FIH-1 : Factor inhibit HIF-1
GAPDH : Glyceraldehyde-3-phosphate dehydrogenase
GLUTI : Glucose transporter-1
HIF-1 : Hypoxia-inducible factor-1
HRE : Hypoxia response element
IGF-2 : Insulin-like growth factor 2
LDHA : Lactate dehydrogenase A
LNA : Locked nucleic acid

MiRNA : microRNA



MiR-221/222 : microRNA-221/222

NTAD : N-terminal activation domain

MAPK : Mitogen-activated protein kinase

M-PER : Mammalian protein extraction reagent

ODDD : Oxygen-dependent degradation domain

PACT : Interferon-inducible double stranded RNA dependent activator
PAS @ Per/ARNT/Sim

PBS : Phosphate-buffered saline

PDH : Pyruvate dehydrogenase

PDK-1 : Pyruvate dehydrogenase kinase-1

PHD : Prolyl hydroxylation domain

Ran-GTP : Ras-related nuclear protein-guanosine triphosphate
RISC : RNA-induced gene silencing complex

ROS : Reactive Oxygen Species

RT-PCR : Reverse transcription-polymerase chain reaction
TGF-a : Transforming growth factor-a

Tfr : Transferrin receptor

TRBP : HIV-1 TAR RNA-binding protein

VEGF : Vescular endothelial growth factor
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Abstract

MicroRNAs (miRNAs) are non-coding, single-stranded RNAs of 21 ~ 23
nucleotides in length, which suppress the expressions of target genes through
translational repression or mRNA cleavage. MiRNAs involve in the regulations of
many important cellular activities, including embryo development, cell differentiation,
tumorigenesis, and tumor cell proliferation, etc.. Previous investigations have shown
that the expressions of microRNA-221 and microRNA-222 (miR-221/222)
significantly elevate in the oncogenetic processes of several cancers; thus we focus on
miR-221/222 in the present investigation. First, we searched for the potential target
genes of miR-221/222 in miRNA databanks. HIF-1B was selected for further
investigation. HIF-1f is one of the two subunits that constitute HIF-1
(hypoxia-inducible factor-1) transcription factor, which plays significant roles in many
cellular activities.

We employed gastrointestinal cancer cell lines as study models to investigate
whether miR-221/222 regulate the expression of HIF-1p. MiR-221/222 mimics and
specific inhibitors for miR-221/222 were transfected into the gastrointestinal cancer
cells, and western blotting analyses for the expressions of HIF-1p were followed. The
results demonstrated the inhibitory function of miR-221/222 on HIF-1 expression. In
the successive experiments, the reporter plasmids bearing the 3’-untranslated region
(3°-UTR) fragments, wild-type or miR-221/222-seed site mutated, of HIF-1f gene
were constructed, and the results obtained from the reporter gene activity assays of the
constructs suggested that HIF-1f gene is the target of miR-221/222. In addition, the
expressions of HIF-1f transcript in the cell models were quantitatively analyzed
through real-time RT-PCR to elucidate which mechanism, translational repression or
mRNA cleavage, leading to the suppression of HIF-1B-protein expression by
miR-221/222.

Our investigations demonstrate that miR-221/222 can inhibit the expression of
HIF-1B. This suggests a novel route through which the activity of HIF-1 transcription
factor could be regulated.

As the significant elevation of miR-221/222 expressions in pancreatic cancer has
been well documented, we used miRNA inhibitors to neutralize the endogenous
miR-221/222 in pancreatic cancer cell lines, and employed human-nude mice
xenograft model to examine the effects of miR-221/222 on the tumor formation of
pancreatic cancer cells. However, opposite results were observed from the experiments
of two different cell lines, with significant inhibition of tumor formation observed in
one cell line while promotion in the other. More studies are expected for further
exploration on this subject; nonetheless, the two opposite results obtained from the two
cell lines both demonstrate the significant role of miR-221/222 in pancreatic cancer.
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- ~miR-221/222 ths F & 4 BR &
1. miRNA % =

B4R mRNA L4540 21~23 BRpERpores » 3 B @33R &9
7 B H % RNA (Bartel, 2004) » &5 % 1990 & 3t 44 ¢ 424 I - miRNA % =
Y AF]P intron it ¥ oo A WA A FIE * - fz# 3 (promoter) 0 f]# RNA
polymerasell 2 RNA polymeraselll £ {7 f& 4% > #84 miRNA £ 5 p & cxd 5 »
it H it {7 # 4% (Chenetal., 2004 ; Zeng, 2006) o 22 & F]- [ 4k 4% 1 RNA 7
5 splicing 74 0 k7 2] & miRNA #5554 pri-miRNA » & 3 ¥ jhie (7 i &
miRNA R 7 ¢ £ 5 splicing 7913 & (Lee et al., 2002) - & 4 #f 'm* % > Drosha
(RNaselll type endonuclease)¥? DiGeorge syndrome critical region gene 8 (DGCRS)
Ay = fhcomplex 738 pri-miRNA A} = eistem-loop & e73stem % - (Zeng and Cullen,
2003 ; Denli et al., 2004 ; Han et al., 2004 ; Landthalter et al., 2004) > #- pri-miRNA
frad 65~75 % pE Y ik 7 A e pre-miRNA 7 g2 P {7 i3 stem-loop g
Pre-miRNA ¥2 tRNA % 1‘]&7}9 02> & 5 3’ overhang 71} =& minihelix 1‘% (Gwizdek et al.,
2001) » 23 F enig i@ F-v ExpotinS (Exp5) it 7% 3 overhang % #(Gwizdek et al.,
2003) » 12 ras-related nuclear protein-guanosine triphosphate (Ran-GTP) i¥ % cofactor
#-pre-miRNA ix 31 4% + (Yietal, 2003 ; Lund et al., 2004) -

Dicer-1 % RNaselll-like enzyme > =% fm¥e & # £ 5 2 RNA % & 2 T *7 RNA
i 4 o 3% 1 ¥ B ihpre-miRNA ¢ 4% Dicer-1 & f247%f* ~RNA % & F-v % H
fo ¥4 qu ft F-v f7 ke = ehcomplex-Argonaute (Ago)*” & loop fniz i (Filipowicz et al,
2005 ; MacRae et al., 2006 ; MacRae et al., 2007) > 25 = £ & 21~23 B ¥ % fa e
miRNA duplexes (Billi et al., 2001 ; Provost et al., 2002 ; Zhang et al., 2002) - A #f m
f¢ ¢ » Ago-miRNA duplexes ‘2 = sficomplex ¢ % & HIV-1 TAR RNA-binding protein

(TRBP) % interferon-inducible double stranded RNA dependent activator (PACT)=) =



RNA-induced gene silencing complex (RISC) > 2} = RISC #¢ ¢ # i Dicer-1 75 J& »
¥ 38 {7 & {8 02 3L miRNA selection 2 £x# = 34 miRNA #7404k ] (target gene)
ehiré 5y (Filipowicz, 2006 ; Lee et al., 2006) o

= 3 miRNA selection (P43 £ 2 p o i3 § F 2 }f%:};] 415 2 3 miRNA
selection ¥ it {%’gv} RISC *® ¢nfi? >z fsd miRNA duplexes & =} ¢ PFiE (7 fZ 4%
Mo SR AR - e RNA P BT 5 &% mature form hH %X miRNA
(Khvorova et al., 2003 ; Schwarz et al., 2003) o 5P|~ 2§ 7 5 @ = 3 7 miRNA
W5 ¥ 5 % B e (Uridine) o
2. miRNA 7 3%

Aif 2 e }f% v 4p > miRNA it B e dl Fl At 4k 1) 5 mRNA 0 3°-UTR
(3’-untranslated region) } 4 %_F 7| fe ¥ > 355 miRNA-RNA duplexes (Ha et al.,
1996 ; Moss et al., 1997 ; Lai et al., 2002 ; Doench et al., 2004) - % {&#> % * miRNA
#7 RNA fe$tPF » miRNA 95585 8 mer cr» E BRI 2 S 8 o« H Y » |
BypEtipe 5 d 5’??%?’% (adenosine) = + & f:3/ 71| (target site)fie $+PF+ % 7 ﬁ
= Watson-Crick pair (Grimson et al., 2007) » % 2 & % 8 B ¥ipE e i = seed site
(Lai et al., 2005) » 5 i & chfie 7w > A% miRNA & B 2B 7 - 352
miRNA-RNA duplexes {4 > Rli&—~ # 4 translational repression (Lewis, 2003 ;
Ambros, 2004 ; Sage et al., 2007)s* mRNA cleavage #r#| &4 Fle4 I o e f ‘m
2 ¢ i1 miRNA 2k F1x 5 5 % 24 > 4.+ mRNA cleavage(Millar and
Waterhouse, 2005) o # 4~ m?% ¢ + R4 5 R4 fiet > 4_w translational repression »
P 384 mIRNA SR Fle 2 R B -2 § 7 & 5 AU-rich element (ARE)
B 7 eh mRNA > i d_% 5 484 w22 ¥ mRNA cleavage i /= (Bagga et al.,
2005 ; Jing et al., 2005 ; Yekta et al., 2008) °
3. miRNA-221/222 #14 B & &

L2 GWT Y P AT 0 3F 5B end & T p27 P ahd B 5 i (Lloyd et



al., 1999 ; Blain et al., 2003) - p27"P' % cyclin-dependent kinase (CDK)/cyclin E
complexes sdr4] F-¢ > m CDK/cyclin E 3 4] m?2 ¥ #p d G, phase st i& » S
phase enE & 4§ & 47 o § ‘w?& d G, phase L8 & i& » S phase 2. %> /£ 7 CDK/cyclin
E fc#s Sphase #7 % chh 7l e 3 lm e P ehig A 87 > me AP AT 7 &
i 03 4T ek e 0 € fads 27" ) Fred] CDK/cyclin E > #-im % 80 gl & S
phase 2 % » @& Wimre miF wFAFE o A - £ p27 P A RE AR §RFAT
F A Kanimie s R FAFE o B AT Y BRI p27 P AR g3
B TR A 2 p27 P AT g DR R d 0 hrig S S X i
#l- 2P B FIBATY Y B p27"°1 5 miR-221/222 el ihik ] (Sage et
al., 2007) > * = PF & thyroid papillary carcinoma (Pallante et al., 2006 ; Visone et al.,
2007) ~ pancreatic adenocarcinoma (Bloomston et al., 2007) ~ glioblastoma(Ciafre et al.,
2005) 2 prostate carcinoma (Galardi et al., 2007) % % f& " % w & ¥ 3% I
miR-221/222 X .+ B £ 3> JBrfad & p27 0 2 B R U515 4 X e o

miR-221/222 "$ Tag S R AN e A v o R B el R RGP
HoiFd g2 }F*J%i*rﬁ $4p 41 > % #ri] thyroid papillary carcinoma # :»miR-221 > 7 1
i 19 R e W A i R B ¥ o'k i< (Pallante et al., 20006) °

miR-221/222 7 W & * R 4 =7 £ & 94 ¢ > miR-221/222 ch& 3R € (G
#] kit receptor B2 5 ¥ iz w Ik 2 erythroleukemic w¥e ch# = (Felli et al.,
2005) © fe P > miR-221/222 » s¢ S5 #r4] kit receptor » #r s ¥ 3 2 (angiogenesis) °
P e REY g T (Poliseno et al., 2006) -
= ~HIF-1 5% 4 18§ &
1. HIF-1 shje s 8 =

HIF (hypoxia-inducible factor)  # 3 hypoxia-inducible £ ] % € & f# 45 7]

=+ (transcription factor) > ¢ o + ¥ =~ (HIF-o)2 f + ¥~ (HIFB)» B+ H ~ &



woigd gty ¢ FIMOHIF £ 5 =47 F\?mﬂ’f## » &> W] % HIF-1~HIF-2~HIF-3>
HAME G 2 8BFB M 20y 254k 29 W HIF-l s it B 2 £ % > 4
B 5 ¥ & (Leeetal., 2004 ; Ke and Costa, 2006) °

HIF-1 # o0 FE~3 &d 2 B domain 2= »d N 3 C =4 % 5 basic
helix-loop-helix (bHLH)~Per/ARNT/Sim (PAS)~N-terminal activation domain (NTAD)
% C-terminal activation domain (CTAD) » # ¢ HIF-la 3-v }+ % 401~603 "= &
2 [ % 38 * fL % Oxygen-dependent degradation domain (ODDD) > % 3 42 HIF-1a
0 AP AEL FE CHIF-IB2 & d A B domain 2> d Nxp: Caa®l i
bHLH % PAS (Huang et al., 1998 ; Willian and Kaelin, 2005) - HIF-1a & HIF-1p !
* PAS domain ¥% & (Yang et al., 2005) > % & @ = e HIF-1 st ™2 bHLH ¥ & &
DNA 7 HRE (hypoxia response element) ' » 2% #5228 F]e4 IR o HIF-1 1 & chgg 4%

A FE 3t HIF-1a 0 CTAD b > CTAD 5t ¥ coactivator p300/CBP % & > HIF-1
2 p300/CBP & & 15 1 £ 4 #4573 chis - (Kung et al., 2000)
2. HIF-1 53 4%

@ % HIF-1 (1 HIF-1o 2 HIF-1P A im®e ¢ 398003 4 £ ek i » 2 HIF-1a
S AR Bed A E R T AR v e kb R R T
(hypoxia ;i > 3 4 /& 0.5%~5%) > HIF-1o 4 #c &2 HIF-1p 2= 2 T ® & 5 # &
M e HIF-1 (Jiang et al., 1996) o & >t X ¥ ;& ™ » HIF-la F-¢ it 5d p42/p43
mitogen-activated protein kinase (MAPK)** Thr796 } iT#hfs i* (phosphorylation)i}
&F > SmEfc i 3 &F e HIF-1o &2 HIF-1P 3 fd4Fenig & 4 > &2 HIF-1B 2. & & = FF e
HIF-1 (Hur et al., 2001 ; Gradin et al., 2002) °

FRATE K F AR AT (nomoxia ik 0 ¥ A & 6%~21%) > HIF-1a #-¢ *
71 Asn803 (*+ CTAD _} ) ¢ # 4% factor inhibit HIF-1 (FIH-1)12 § 4+ % A F (¥4
% it (hydroxylation)i 4% » & ¥ it i3 4% {2 59 CTAD domain ¢ % £ £ p300/CBP %

& g 4 0 18 18 HIF-1 4 2 #4573 ea 1 (Lando et al., 2002) » 5§ % § 4 B e}



Z > HIF-la 39 * 5 Pro402 {r Pro564 % Lys532 ¢ % ¥ 4% prolyl hydroxylation
domain (PHD)4v arrest-defective-1 (ARD-1)4 %] it & ¥ i* £ 2 fg ik i* (acetylation)
i3 AF o (i3 4F 2 15 e HIF-1a st ¥ VHL(von Hippel-Lindau) 3-v % & (Jeong et al.,
2002 ; Willian and Kaelin, 2005 ; Ke and Costa, 2006) - VHL 3¢ 5 Ej; ligase family
e— B > VHL & HIF-la % & {2 » ¢ ¥ HIF-1o ¥ polyubiquitination (i3 4% » @ 4%
polyubiquitination 7 HIF-lo ¢ {% -5 proteosome-dependent :F3"% ik jT 44 %
2o 0 F Rt ¢ A ihpeig o § A R~20%508 F § AR ET > HIF-1o
L £ E X 5 4245 (Cockman et al., 2000 ; Tanimoto et al., 2000 ; Masson et al.,
2001) -

tp gt HIF-loo HIF-1B R+ A cfg 2> 2 £ 5 ARy P 2 REL A F o
3. HIF-1:s i %2 2323 &

HIF-1 & 2 8 p € & a5+ %ﬁd FEa 2k F1 o0 HRE R 7] (5°
-RCGTG- 3°)i# it hypoxia-inducible z& e i % 42 B HIF-1 A 4 ek 515 EPO
(erythropoietin) £ #] - EPO % il w 33 4 g & F| 5 o 3 % & 48 w7 07
HEE L SRR 0 F A MR E AR KF BT B EPO § £ T HIF-1 5933
§ro 2% R0 EPO 3o o MUl TR A 0 B AN G HET T F AR
(Semenzaetal., 1991) > @ % 7 Fl =~ & chlo o 3k 3 2 > HIF-1 » ¢ 33 #7 transferrin
receptor (Tr)A ] » 2+ £ e Thr > BB+ S & F4B 70 3 » fme ) > &
Bomre BT i 4 o L E B RS BT K 4 & ek RS b B
(Generale et al., 1999 ; Lok and Ponka, 1999) - "f #t 2_ ¢t s VEGF (Vescular endothelial
growth factor) £ ]+ » & 5 HRE (Forsythe et al., 1996) » &% JiE T+ ik §
% 3] HIF-1 a7 ¥ - VEGF 5 i o ”gigi g & F]F o A ME ki T > HIF-1
WM VEGE <« 2 2R i h FH L > UH e F F B o

HIF-1 % 7 514 fs 3 & 20§ #3 h o HIF-1 $420 i dn e 530~ 5 2 2

=2

B FEFRITADR G L T LIRLP dp i o BB ke ¥ i core tumor



EXARNHERBET ot (T chT 3 Biga e Fla ik @IS FLT SR
= '?5 » i & Reactive Oxygen Species (ROS)Z 4= % # > = 7 # £ ¥ ROS 2 4 2
RAw 7= o Mg e ¢ ch HIF-1 ¢ i858 MXI-1 39 £ 3> %gv} MXI-1 3=v Fr+]
PR X > MR (T o 1 F e ? > MYC 22 MAX 352 ¢ complex it
BB MR end = o m PR mhE gy %’gv} + € 4 7 HIF-1 & MAX #% MYC &
3o gk gl and = (Zhangetal., 2007 ; Dang et al., 2008) o 5 7 F]grE ek (v
"0 MR dm e ¢ e HIF-1/MYC complex § 33 22 f % % 38 (glycolysis) crp% %
glyceraldehyde-3-phosphate dehydrogenase (GAPDH)+ & # 3 (Lu et al., 2002) » ¢
i PEfR e 0 & T A RPEfE A Frenps £ ¢b o HIF-1 » € 38 = %2 i3 glucose
transporter-1 (GLUT1)* & % 3> & 6% P2 it 19 3] { % epEie 7 2 3% (Chen et al,,
2001) = @ & 7 ¥F 4L BE R S g X A Je pyruvate i~ = R TRA_S RE R IE R
HIF-1 + ¢ 3% % pyruvate dehydrogenase kinase-1 (PDK-1)% lactate dehydrogenase A
(LDHA):+ £ 4 31 » #r4] pyruvate dehydrogenase (PDH) » i¢ pyruvate 4_# 5 fi 3
Y ic o A B A i iRTd R T e S F PERR T o i e T A
MEBRET 570« R RE N MIIRRT 4 5 Mm% (Semenza et al,
1996 ; Kim et al., 2006 ; Semenza, 2007) °
Mg e @ i d HIF-1 3% % VEGF shd 3 fljod 32 o R g o
o A chid if o HIF-1 # it 35 W 1204 % 'm %2 & % PF 4 f2 2L & & (basement
membrane) 2 A RbFE (T ke B AR R A B ST H B 2l
(Krishnamachary et al., 2003 ; Biichler et al., 2004 ; Postovite et al., 2008) 5 ¢} » HIF-1
£7 insulin-like growth factor 2 (IGF-2) ~ transforming growth factor-a (TGF-a) i *# %3
Wiz P AL G A F DL e 4R 3 A FR o f RAE B e a4 (Feldser et
al., 1999 ; Semeza, 2003) » & & HIF-lo X ¥ cplo e 15 1 4K » "B 4 £ o
@R E T HIF-lo a9z $k'8 27 3 (Maxwell et al.,, 1997 ; Zhang et al.,

1997) -
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HIF-1 % TR B A & F]F (growth factor) 0 4viE AR dn e g 4 dh o ?E%g
d B rimie k= F]F > B EB R a2 o AR MR w2 ¢ proapoptotic

#-v Bcl-2/adenovirus EIB 19-kDa interacting protein 3 (BNip3) & .~ & %

(Sowter et al., 2001) ; @ BNip3 L Flegad: + + 4 #FF £ 5 HRE> it i< ¥

S
=

< £ | HIF-1 342 0 224058 0% = (Bruiclk, 2003) o 4o Bo#rit » 27 5 #6%

e P bk R T AE R e 2 A oA o B e

a3
!

=
[ty
&
o
=
By
\/\‘
E-)

BRI RET A FAERN > L aikFRET A 5

Bt e ALt A Edle 2 3T 0 2 S AP oo

T
é*‘ir
‘if
o
¥

4fhRrmie ¢ > miR-221/222 22 HIF-1 37 FwE & hi d > Fuld 4%
R hmie chd X2 4 o AN IE R mIRNA AR e Bleh TR R ¢ s > HIF-1 ¢
HIF-1p + # < 5 miR-221/222 c77 g Bk B o 0 g0 » S ] # ) (b3 & sy

fm e FR T L e BoA) R 3 AR e ¢ miR-221/222 ¥t HIF-1B #k 14 e’ 5Re
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AREA R B o tmie R HCT116 ~ A 58 %% %0 w72 tk MIAPaCa-2 ~ % 4 5%
ke tk HEK293T % 2504 % & B %0/ fw %2 $k COS-7 > 2 %3t 3 10% FBS (fetal
bovine serum > GIBCO) ~ 50 unit/mL penicillin (GIBCO) % 50 pg/mL streptomycin
(GIBCO):#1 DMEM (Dulbecco’s modified Eagle’s medium » GIBCO)32 % j%& # » % >
77 5%CO,h37CHiE s & 7 3 % ~HCT116 2 HEK293T ‘m ¥z 1 8.5x10%/mL
chinie kB SN 1 %  MIAPaCa-2 2 COS-7 m* 11 1x10°/mL e kB i
RF= I

ARE R R lw e Fk MKIN45 2 A 58 38 B0 'm P2 1k ASPC-1 32 % 3t 3 10% FBS »
50 unit/mL penicillin 3 50 pg/mL streptomycin 77 RPMI1640 (GIBCO)3: % % ¢ o

12 1x10°/mL ehim ek B R g % o

Z N % 39 ZBegrg 2 BLE G (Western blot) 4 7

Blwmred RALF P BA o B 3TCRBR Y LRGSR RE
e oA B &R > 4o~ i B AR 90 IXPBS i wash o 3w #53 PBS 0 e B
Jenimz o 4v » if § ¢ M-PER (Mammalian protein extraction reagent > Promega)ia
RO B-nime ¢ o kIR 5 0 A4 R mre > 3t 4°C T 02 KUBOTA 3700 3t
2 14000xg s 3 A 45 0 3w £8P cell lysate © 12 BIO-RAD Protein Assays
% %2 (BIO-RAD)it 3§+ H % & » & /i4 %% BIO-RAD 7 s+ # -

P~7 12 pg F9 Feh cell lysate ™ 10% SDS-PAGE #d-v 4 3t o #-3%
SDS-PAGE # #4% cnd-v 12 iBlot™ Transfer Stack (Invitrogen)##& & I nitrocellulose
oo @ BEE X RAR % B Current Protocols in Molecular Biology (Ausubel et al,
1996) - & = gL % /2 #7 % eblocking reagent = 5% % 75473 (BD Biosciences) ; —

B Fuf¥ 5 mouse anti-human HIF-1f (1 : 3000 ﬁ?ﬁ » BD Biosciences) ~ mouse
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anti-human o-tubulin (1 : 9000 ﬁrﬁ » Abcam) ; = %88 5 goat anti-mouse [gG-HRP
(1 : 10000 ﬁr%ﬁ » Abcame) - 12 Western Lighting™ Chemiluminescence Reagent Plus
Enhanced luminol :##|(PermkinElmer) /4 £ & ¢ o d »* HIF-1B £ a-tubulin 93

BN FPEAR  APNF R BIAE SRS LR 2 L KT S

= ~ /] ¥ 5 RNA ¥2 2 miRNA F # 2§ RT-PCR

P ® o % g RNA 12 mirVana™ PARIS™ £ = (Ambion) ¥ B~ » 9 S in 4
B Ambion 2%+ & o & Ff1* TagMan® MicroRNA Reverse transcription kit
(Applied Biosystems)fic & TagqMan® Human MicroRNA Assays % ‘& (Applied
Biosystems)® hsa-miR-221 ~ hsa-miR-222 % hsa-U6 RNA 1% — 4513 » & 3
£ RNA & = cDNA - Reverse transcription 7% i 5 16°C 30 4 45 ~42°C 30 » 45 ~
85C 5 #4854 C¥ 2t 7 i o 12 & 2437 cDNA § 1540 » & %] * TagMan®
Human MicroRNA Assays £ % ? hsa-miR-221 - hsa-miR-222 %2 hsa-U6 RNA =&
- M #£ 4 fe & TagMan® Universal PCR Master Mix (Applied Biosystems) » 12
GenAmp 7300 Sequence Detection System (Applied Biosystems):& {7 ¢ # & PCR

PR

z ~ §& % miRNA mimic 2 miRNA inhibitor

g 24 ) ERwmre 9T A% A 12 well plate (HCT116 &
6.5x10%/mL ; MKN45 3 8x10%mL ; MIAPaCa-2 3 8x10%mL ; ASPC-1 3
1x10°/mL) » & B well § ‘m# #2 % ;% ImL o d **# 7 miR-221 inhibitor ~ miR-222
inhibitor 2 scramble-miR #8& 78 & 3| ‘w2 & (H4235% > % Z F PFig 72 miRNA mimic
22 miRNA inhibitor FF > 2% i & 2L #& 72 miRNA inhibitor -

MiRNA inhibitor % % f Exiqon 2 # & miRCURY™ LNA Knockdown

probes » £ F i ¥ miRNA I 4 cheh3 4F B 7] o # miR-221 inhibitor ~ miR-222

13



inhibitor & scramble-miR 12 Lipofectamin'™ Transfection Reagent (Invitrogen)3s fie
Plus™ Reagent (Invitrogen)i 7& T @ phig = & ciw®e > 7 kA& 5 100 nM » iF%*
AR 400l > (% pERV S SO PEC (B SRR SHL me gt Ui E
SR EER - FRmE Ao - X 0 FF Y DharmaFECT® Transfection Reagent 2
(Dharmacon) # 7& miR-221 mimic ~ miR-222 mimic £ random oligomer
(Dharmacon) > # 78k & 5 100 nM > 1£% 884 1 mL o * &7 72 B -] pF (S fa P~ fm

e o (HE A PER TR 1A)

I ~ A% E T Luciferase-Reporter Assay
1. fﬁ.fﬁﬁﬁ % 77 % pGL3-control HIF-1p 3°-UTR

. HCTI116 m*¢ cDNA & & f#io4x » HIF-I1f 3’-UTR e % - 4351 &
ARNTfI-Xbal ~ ARNTr1-Xbal (% 1) » 3 % HIF-183-UTR + +1 bp = +2300 bp
% B (12 stop codon TAG 2 #éh% — BB 5 +1)PCR 52 5 95°C 5~ 48 94°C
45 5 ~ 54°C 30 #) ~ 72°C 2 A 309} (42 cycle) * 40 ¢ & F fi o #* PCR F &7
5] 2.3 kb ch HIF-1f 3’-UTR % £ - 41" Xba-I (Promega) 4|75 4 o £ &2 47 %
B %8 pGL3-control (Promega > "B 2)m ¥ *» » 5 1 WAL BHRPFFETHF L p 1
& & 0 A2 CIP (calf intestinal alkaline phosphatase » BioLab)¥f*7 B 4R # R
WM R 0 2t LR Z s P EUR & - 420 1 16°C 11 T4 DNA Ligase
(Promega) it & > ﬁ:’ﬁi = pGL3-control HIF-1f 3°-UTR (pH3U) °
2. f#ﬁﬁ seed site % % «774F ¥ F 4 pGL3-control HIF-1f 3’-UTR mutant

= WAL F miRNA seed site “77#8 A 7| % % e HIF-14 3°-UTR 4F % 748 » 3
i 12 MegaPrimer PCR #7383 & gt 3 £ o 2L 1 *f)%‘;fﬁl ¥ e pH3U § fateds > )
* HIF-1B3’-UTR % — #£3513 ARNTf4-mut (£ %% & 7> % 1) ARNTrl-Xbal
%z~ HIF-183’-UTR }+ 41868 bp = +2300bp 5 EL-PCR i£ £ 5 95°C 5 4 45-94°C

30 £ ~ 54°C 30 4 ~ 72°C 35 4 (40 cycle) ** 4°C¥ 1 ¥ Jiz o #* PCR 7 ¥ @ 7|
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442 bp eh% - X PCR A & F 1 * HIF-1$3’-UTR & - |+351 3 ARNTf1-Xbal
21 4f# 100 & 7% - = PCR A4 § % = & PCR 515 » 2~ HIF-1f 3’-UTR
++1bp 3 +2300bp # £ »PCRiEE L 95°C 5~ 45> 94C 454 ~54C 45 %) ~
T2C 24 2045 (45cycle) > >0 4°C7P &k 7 Jis o f1%* Xba-l 4|35 = BLM-4E » &2
FEFHGE - A S F 4 pGL3-control HIF-1B 3’-UTR mutant (pH3UM) -
3. Luciferase-Reporter Assay

H7E W 24 o] P COS-7 % $k02 g Jk B 8x10%/mL~9x10%/mL 32 % *+ 12
well plate> # 1 well & “n® 32 % ;% 1 mL< 2 Lipofectamin™ Transfection Reagent %
fie Plus™ Reagent > I P72 38 5 48 (0.5 pug)¥ i % internal control 3 PCHI110
FAE (0.2 pg)3 © BB A shimie o (T % RUAL 400 uL v fE R PERY S S ol 0 3
SBRFEEAe» ez A ImL e 2 igsadr MW 24 B ) > 75 miRNA
mimic 2 miRNA inhibitor - (i 7 & [ 2t ¥4 B} 1B)

#% 75 miRNA mimic 3 miRNA inhibitor #5748 {# -] P {5 Jc B~ fm ¥ o 4c » 180 uL
7 Glo 1xLysis buffer (Promega) & #rigP~infm®% ¢ » 28 T 7% 5 2484 R mbe o
* 4°C ™ 2 KUBOTA 3700 &< %17 14000xg &< 5 & 45 > 42 B~ cell lysate ¥ vk
o3~ 100 uL s cell lysate & 96 well 2. 4 ELISA plate» 4 » % 48 ## ¢ BrightGlo™
Luciferase System (Promega);% /% » #¥ £ {* 5 min > |* luminometer ' 560 nm
s £ R0 A 47 fm v o7 & Jh Luciferase /& 4% o i p]d PCHI110 B 48 7 % 3in
B-galactosidase %14 > BB~ 50 uL cell lysate = 96 well & ¢ ELISA plate » 4r » % %8
#% £ B-galactosidase 2xAssay Buffer (Promega)> *+ 37°C T 1% & ¢ » {475 chrwell
PIOR Lp PF FERang ¢ > W% ELISA reader /2 405 nm & Wp] > A 47

B-galactosidase 75 12 ©

+ ~RNA 553 F # @& RT-PCR £ {7

e @ e RNA 1 QlAamp® RNA Blood Mini Kits (QIAGEN)% B~ » 9 % i

15



2% QIAGEN § 2%+ o % 2 pg RNA 12 oligo(dT)y #a i 513 » ]
High-Capacity cDNA Reverse transcription kits (Applied Biosystems) & = ¢cDNA >
Reverse transcription i i+ 5 25°C 10 4~ 45> 37°C 120 » 48> 85C 545 » »+ 4C» 1
R e

$Ap AL G HIF-If 2 GAPDH A %1% Benfr - k517 ik R anffrfl
& ) 12 TagMan ® Gene Expression Assays (Applied Biosystems) ® HIF-1B
(Hs01121912 m1 - Applied Biosystems) 2 GAPDH (Hs99999905 ml - Applied
Biosystems) 1% — (44F 48 {7 L& PCR - #7{F § Sdfcdy i s & & - ff
Fe &2 hme cDNA > 1442 7 F % 8 PCR > 1L+ ¢ ks il

B R BER o

SR =t el -5

K3 s+ d 78 miR-221" inhibitor = miR-222/ inhibitor & scramble-miR v
etk Ak B 0 H AR miR-221 2 miR-222 ¥f# iz 3 4 hB 8 o w24 ] pF
#-fm e 32 % >+ 175T flask (MIAPaCa-2 % 1x10°/mL ; ASPC-1 % 1.5x10°/mL) > &
B flask 7 7?32 &% 30 mL o # miR-221 inhibitor fv miR-222 inhibitor &
scramble-miR & 78 I phi4F cnimde > A k& 5 100nM v % 84 13 mL > i
PERY S 5B P S Bl PS4 » e R T 30mL > TS (5 36 ) PEYTES
fne o e P imte 2 o) PEAS L iR % 0 1 IXPBS Frikimte A B S 4o »
30mL fmPe 3 &% » & 2 B FF{s o JaBimie o BT ehim e g3t IXPBS ¢
(MIAPaCa-2 % 2.5x107/mL ; ASPC-1 % 5x107/mL » fm¥ kB 5 58 Sipl o 5
B0 e {5 AT AR B A T A R s e e JE R ) 11 200 pl b — A st T Ak BL(k

PRRS %R b R kY ) LS B RER -
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<
,\m

- ~ miR-221/222 ¥ it &4 F]eH3E

i3 e }§%§F% ¢ BT > miR-221 2 miR-222 %37 % "% m% » 4o thyroid
papillary carcinoma - pancreatic adenocacinoma % glioblastoma % I+ & # e
25> % i35 f6 mIRNA $ 588 dn e i 4 005 $iF F € & chk & oA P47 miRNA
7 L & miRBase (Griffiths et al., 2006, microrna.sanger.ac.uk) » # = 4 #f e miR-221
4 miR-222 % F - clustered member> A 3>t X 4 ¢ 48745490529 bp T 45491417
bp 2. > @ & miRNA A j% i ¥ 4p§E 727 bpe % miRBase # # .+ ¥ Il miR-221
% miR-222 &1 secondary structure % pre-miRNA 7 stem-loop %% ﬁ v 2 {HAra Roen
miR-221 v miR-222 & & 5 23 2 21 BipEPiphorie s o

A F 4 FER) miRNA 08 FlenF 42 & TargetScan (targetscan. org)
PicTar-Vert (pictar.bio.nyu.edu)%2 miRNA Viewer (cbio.mskcc.org/mirn aviewer) > =7
# & seed site match (Lewis et al., 2003) % :& 5 {3 #7@ $|enp o st~ 2 #E Vo fE &k
%1 miR-221 2 miR-222 1% g thenzh Fl o H P o Vi &g I HIF-1B 2K %) »
B A F]5 3-UTR F +1868 bp T 41890 bp 2 & » 4457 = miR-221 2 miR-222
o iR ¥ o H A 7|2 miR-221 2 miR-222 cseed site ¥t 8 mervv &
TRBE A AY B BRADETHE FPFL 2 &7 conserved seed site
match % ¢ adenocine flanking 7i% 2 (Lewis et al., 2003)cfie ¥t cr7p d 5t & 5 —20~
—25 Kcal/mol » > & 2 fie ¥ > » 7 & miRNA-RNA duplexes e1p o iy F 43—
20 Kcal/mol ; conserved site fie ¥t p d s 7 3t —10 Kcal/mol i% i+ (Watanabe et
al., 2006) - "f gt 2 %b > HIF-1f % PicTar-Vert 7 4L E AL FE B 5 miR-221 fr miR-222
HE ek FhT a4 3t 80% (] 1A)e o ¢ HIF-1p £ HIF-1o %= o HIF-1 45 7)
FHEBE A S A FEESL EF AT ER LA AP RL AT

353t HIF-18 5.3 /8% 5 miR-221 2 miR-222 el 7] o
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Z ~ A4 HIF-1B 3-% ¥ 2 miR-221 &) * ERm%e ¥ chi R

57 ¥ AR e ¢ ch HIF-1P 3-v ¢h% IE_F % F] miR-221 2 miR-222
gy AP F 2 2R E 2 247 HIF-1B 39 v 32 % 28 RT-PCR 4 {7
miR-221 eh B > £ R i AP a3 R R A B D Bk < 11
B e g imie th (% 2) 0 F 2P P i L ehmre thE (R Bk hie e 0
3l -

1. f1* & > BL& % A 45 HIF-1p chi B §

A EBE 1] At R ¢ hden o U d S BEEZEEA LR
HIF-1B 1% 1 (B 2A)°H ¥ < % J& ¥ tk C2BBel % 3 % % th MKN45> HIF-1p
AR AR BRB 0 X BRI SWI417 2 SW4S 4o % sk h KATOIII = % th />t
RARERKG B e e L BRI AR F 2B o
2. §1* ¥ =& RT-PCR # {7 2 1+ (endogenous) miR-221 7% 3§

Adpoy w11 fAwre i) * mirVana'" PARIS™ % B imre ¢ | B g
RNA > #-iz# ] # BL RNA 4| #* TagMan® Human MicroRNA Assays %
miR-221 & - 313 &£ & ¢cDNA» & M f# 28 PCR (T2 & A4 o 93251
MKN45 fm¥e e 4 1 miR-221 % & § (T4 % @ 2 & wmre 4p > MKN45 ‘wrz
1 miR-221 % B A7 * B 2B o ¢ ** miR-221 2 miR-222 5 - A F A *§ >
PR - A3 sy o AL 5 & polycistronic £ F] o Flp AP R LS 47 H P
1 miR-221 ehd 3 o

d 38 e e A 3¢k 4c » mIRNA mimic’ 7 % miR-221 2 miR-222
W FAr I HIF-1B 2905 5 7 04 P e A P45 F S BLE 2 2 9 28 RT-PCR i
HF%EH T HCTII6 2 MKN4S i&a fa A Wh~ B2 § fimizth o 4 & R 7
B A fEiwre b 4 miR-221 B dp A BRI > P A PiEd P k%
WA A M G B nig ek (] 2B) 0 A 9 75 miRNA mimic P57 i

TRV R F R R b A B e tken HIF-1B A RE 0 B ¢ -
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BrtRERB > ¥-B5° 3% (B2A):F* HIF-1p 2R E 7 I s fA w2 ko
T LA ER TR AT HRESRY VA EROEA 0 APk

TA fBmie kg Fwmre Al AR Oy o

Z > miR-221 2 miR-222 # HIF-1p 3-v # e i

%7 ¥ miR-221 % miR-222 A ¥ 5t F A4 HIF-1B ch& 30 > A iprgdss
miR-221/222 mimic 2 miR-221/222 inhibitor I Mw?2 $kx ¢ > L% HIF-1p % A7 % h
B oo
1. #&7 miR-221 mimic 2 miR-222 mimic #r4] HIF-1p§ % 3%

& HCT116 2 MKN45 m*e ¥ ## 78 miR-221 mimic 3 miR-222 mimic & > 1/
@ BLE E RN S AT 0 AP R e T random oligomer i ke km e >
78 miR-221 mimic 2 miR-222 mimic i > HIF-1B e E % 5 ¥ 0™ "% (B
3)» 2 ¢ x 2 HCT116 Mm% chF di 5 8% = 499500 B % » 24 9 ¥ 12 2] %7 miR-221
% miR-222 sz ¥ & #r4) HIF-1B e 3R -
2. #& 7 miR-221 inhibitor 2 miR-222 inhibitor ¥ 4§ HIF-1p % R

57 8- A HIF-1B & & 7 "% gy & %X D/ # 7 miR-221 mimic %
miR-222 mimic #71& = 02 5 > A i g e 22 B 4p & 0 miRNA inhibitor °

i - miR-221 inhibitor ~ miR-222 inhibitor # scramble-miR (i3 negative
control)##& 78 » HCT116 w? ~ MIAPaCa-2 ‘m?2 2 ASPC-1 w® ? » L iz » 222
AP ¥R 5 miRNA mimic » 2. {8 aBlmPe G > BLE Z (T2 £ 247 F kg%
T OB > F #7840 $ & miRNA inhibitor eh'm®2 4p >t F 78 scramble-miR
Fiimie » HIF-1B ch& RE TR v R % (B 4) 0 25 HFHF - w2 Pded
miRNA mimic 3c% » HIF-1p eh& 33 £ X drd] o

Ay e pF#E 78 miR-221 inhibitor 2 miR-222 inhibitor » & BlFrd|p 2 0

miR-221 % miR-222; #-p #& AJT chim e fo F 7 7 scramble-miR /m % b i
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% S HIF-1B 2 M E+ ZAIFL S (W 4) -

PR HESRRET 0§ AP EA T miR-221 mimic 2 miR-222 mimic
I Fplwre RpE > ¥ 24 HIF-1B eh& ;5 % 2 7 I ¥ 12 miRNA inhibitor %
miRNA mimic /&J2 fm*e 735 » o & $r4] HIF-1B ¢ miRNA mimic edr ] it 4
¢ 4 4p ¥ & 5 miRNA inhibitor i} fooe 2 4 MIAPaCa-2 ‘m% ¥ & pFid 78
miR-221 mimic 2 miR-221 inhibitor FF » 3\ i I A L2 1| HIF-1B & & chw
o e A ¥ - 2 miR-222 mimic 3 miR-222 inhibitor 5§ % ¢ - HIF-1B
2REFER TR AR (B 4B)o 3t F 5% AP X &2 F s miR-221
inhibitor ;2 3 & HIF-1 8 & ME w4k F] 5 # o d L b HOA| #7785
ifo v 4 2 %1 HIF-1B 04 R E ™ av ¢ < ] miR-221 2 miR-222 &34 477 >

PR FLE- AP N EEd PERAFEAT BT BT RTED o

= ~ miR-221 2 miR-222 # ¥ HIF-1p & %14 m.ehd - 452
BEAPHRAY 5 HIF-1p A7) 3°-UTR B 7|38 5748 > 12 Luciferase
RE A Flehd B kFEIR miR-221 2 miR-222 $HE L Flehd — B o
1. 12 Luciferase 3% % 3 F1% % HIF-1# 3’-UTR } £ 3 miR-221/222 i eh5
7
@ B AL S E ¢ AriE s A )% PCR 7 5N s kA HIF-If
3-UTR + +1bp 3 +2300bp % £ (# § FAL R “730 ip ek ez B )> 11 Xba-I
L Ve BRI 4R 4 pGL3-control ¥ Luciferase 3% AL ¥
75> # A % pGL3-HIF-1p 3>-UTR (pH3U)- #-J 4 pH3U £ miR-221/222 mimic
2 random oligmer Fr F¥i& 75 » COS-7 ‘¥ > 12 Bright-Glo'™ Luciferase Assay

System it {7 Luciferase i# 4+ 4 47 » L% miR-221 2 miR-222 $3F £ A 714 I

5

BB od FHEEET 0 #% miR-221/222 mimic 77 COS-7 ‘m¥s > 4p >t

f& 7 random oligomer ¥ PR & m¥e » “7p| {8 e Luciferase #1273 & ¥
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o H P 2 17 miR-221 13 = P B S A F > Luciferase st 0 7 % 50%
(B 5A) > m miR-222 i = Luciferase /=127 "% £ 40% (B8] 5B) ° Fr ker> 5 7
F23% Luciferase e77& (27 "% 4 % Pl 78 miR-221/222 mimic 382 F#7ig = >
AL PF R 27 2 48 ¥R 99 miR-221/222 inhibitor 0 BL R i F ¥ 4R
Luciferase e/5 44 o % % &7 » — 2 [ PFig 78 27 2_ 4p ¥4 )& ¢0 inhibitor ¥ COS-7
e ¥ Luciferase /#/1 % I w 4p 11535 o 75 miR-221 inhibitor #im*e >
Luciferase /&% 48 3| & Fr 4l 2w T 4 (B 5A) > @ # 7 miR-222
inhibitor en%w % > Luciferase 7% £ ® 4R 3| 7 5341 %25290% (%) 5B) °

d 3 COS-7 ‘P & ¥ ¥ @ % I Luciferase £ %] > B+ 5 fic B3
Luciferase 3-v % L2 B 4 484] » Fot € B2 pH3U FRE“r 4 R
Luciferase 7# %% » &3 f % ¢ “74& 7 «H miR-221/222 mimic %
miR-221/222 inhibitor » & # & &k 7 € % $} miR-221 % miR-222 # #¢h
Luciferase # %] 7 #54# + HIF-If 3’-UTR » ¥ iy i Luciferase & < 3
miR-221 mimic 2 miR-222 mimic 737 #]; % "4 miRNA inhibitor 74| 7 miRNA
mimic 4|5 4 > Luciferase s& 1 5 I w 4R el (B 5) o 1345 ¢ 37 %
% ¥ UK > miR-221 2 miR-222 7g§F ¥ ™ i® % 3t HIF-14 3’-UTR & 7 2.
b ded| s Fengen LR o
2. REFORF R EFERTFF £ miR-221/222 B 3

MiRNA #3355 € & %R 7145 % miRNA-RNA duplexes > @ & 3f i
miRNA #enfk Flsh TR E? 4 5300 0 HIF-IB AT 4 7 i 5 miR221 %
miR-222 ek e/ 7 A %+t 3°-UTR + +1869 bp & + 1890 bp 2. fF o i 4 i1
/,?Jvf‘%ﬁfr » FHed P miRNA &5 n B 5| e 3 pF > seed site enfie ¥ 5 £ & »

2z % seed site eFES A 7 H#-@ mIRNA &2 A& A F o 57 /el HIF-1P

3’-UTR *} 41869 bp & +1890 bp B eni 7| H_F 5 miR-221/222 ik »

P * PCR 77 ;% #F seed site (r5 B 738 (7 R % (Bl 6A) o $eehrs i #
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Xba-1 4] % *7 BLH-seed site F¥3 B 7| % % (8 ch HIF-1B 3°-UTR % 3 sF £ §7
% pGL-3-control Luciferase % % #]™ 75 » £ & & pGL3-HIF-1B 3’-UTR
mutant (pH3UM) - 4 % #- pH3U %2 pH3UM F PF 22 miR-221 mimic #& 78 1|
COS-7 im#e ¢ » BL% miR-221 mimic 3 B4F E A F B P - PR LS
7+ 0 % seed site FWEFELAE F| R 18 0 i miR-221 mimic % # 7 random
oligomer im*z » #1p| {¥ eh Luciferase /= {£ 3 & <% o @ & wild-type » - &
78 7 miR-221 mimic &im*e 4p# > 78 7 random oligomer =341 % fm 5 »
Luciferase # Re& 2P BT ' (1] 6B) o

IR o 2% o SWFRE P ATIER T i A 7] 1 i miRNA seed site
SRR A P TR o miR221 T 2 T N AERELAF NS o d 1P
HEEHT o MEBEIE S AT 3-UTR } miR-221 gz g > &

miR-221 AL AAFIFF L& Th I o

I ~ miR-221/222 #¥r#| HIF-1p % 3R e 145 31
MiRNA it % d translational repression & mRNA cleavage | #& 4k F] e
Z I B P e ¢ > mRNA ko Flenik &+ 5 5 translational
repression > &7 w2 Bl = % 5 d mRNA cleavage - % if* 12 | 3% @& RT-PCR
o > BLE JE B miR-221/222 Frd| HIF-16 e LA G d vR— ER TR (7 o
#-#& 75 random oligomer ~ miR-221 mimic # miR-222 mimic 7 HCT116
MR fTT S A A N A A s - WA UE S BLEE A 47 HIF-1B v 2B
7 — 384 11 TagMan® Gene Expression Assays £ i {7 [ % 2 & RT-PCR >

& 7 HIF-1p transcript 504 25 o d F B S % B2 D] > #& 7 miR-221 mimic

mRNA transcript £2 H F-v & 4~ 32 3|7 Fri] o

hiEd gy Y o B e P i miRNA * AL {%*ﬁv} translational
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repression i J& Fr | AL Flend g R D Beb| 3 A ;{g d mRNA cleavage

ik JE 0 ATt i > S R R AORE L miR-221/222 EgF 9 v ik S )

HIF-1 e 3 > b7 B B JR 18 o0 Bk i — ) afgsd o

=~ miR-221/222 $H% %R bo % 3 4 chs 5B

b4 che gy 0 miR-221/222 AMFORR A2 E A R 4R
25 o 58— H T miR-221/222 5% R w2 L7 2 4 B A
4 #* miR-221/222 inhibitor #r 4| fw? tkep 4 1 miR-221/222 » #-7 o ¥ tk
A IIARER 0 BBt £ A
1. #4Ip 2 & miR-221/222

A i F & 78 miR-221/222 inhibitor 2 MIAPaCa-2 2 ASPC-1 5% % Jm
B o TPt fs 0 K P imie \ ] B B RNA e ) €& RT-PCR 4 49 p
4 1 miR-221/222 éhd a5

R %S ET 0 F #78 miR-221/222 inhibitor I iz kP o ¥ LR
seengrd]mrz ¢ N 4 4 ih miR-221/222 5 $rdlsc ki 90% () 8) o ¥ ¥ 7 eh
inhibitor Jk & &% » miRNA & JLE TH +e— & (B 8A 2 8B)» ¥ &7
inhibitor # 4] miRNA cc % B2 & - |4 o
2. miR-221/222 $%6.5%; ¥ 3 4 B 3

¥ ATCC FALE ¥ 14 % MIAPaCa-2 2 ASPC-1 ‘m#e it b T ik B AL T
fe A = MR o APz P~ 78 miR-221 inhibitor f= miR-222 inhibitor %

scramble-miR 7 MIAPaCa-2 32 ASPC-1 ‘w¥? » & 5> PBS ¥ » /1 6+ T A K e

{$ % o 78 miR-221 inhibitor v miR-222 inhibitor e fm e $R71 & T 4K & +

fs % 5 #& 78 scramble-miR f 5 F 4 e enimiz 1 4T 2 18 5% o
BB R AR R A L 2 K A58 0 7 miR-221 inhibitor fr miR-222

inhibitor e MIAPaCa-2 ‘w2 4p iz >t §& 78 scramble-miR g 4] %2 m P2 » A5 % %
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Ry ehid B il o YLt

SH - R AR R RFRRGVER > @
R E (B 9A) o I 5T i 0 4 sk b R i P PR
fe 4p g 2 14 vk ey

s MR R R P Ak s T (B 9B) -

e §_ & ASPC-1 ¥ ¢ #7Bisn chi % fr&r MIAPaCa-2 ‘w2 4p K > &7

miR-221 inhibitor v miR-222 inhibitor 72m # 4p % $& 78 scramble-miR 43 ]
e > WME R R F BREFOEEFS (B 10) -
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GES

MIiRNA JEABF R K > ¢ BEF $EFFEL A PR ¢ FH7
BT~ dwr s it Brhgad 8 o b Y Y o o miR-221/222 BF S AR
Fpevimmie? FIRAE AR o HW BTN FE S DT ALR o &
AH2 AFF T P AP mIRNA FRE K3EP| 2 §3E miR-221/222 77 & &0
AT K APEEN FHRERBwe FEX LA HIF-l o p FH A
HIF-1B 4 7] -

A e 11 % AR amre $h Y miR-221 2 HIF-1P F-v ehd I > f
PREN R IRIT LA T chmie 0] o AU B 3 g im e FR o AP
f#& 78 miR-221/222 mimic 2 miR-221/222 inhibitor I im? p - g% HIF-1P 3¢ %
BT e od B g% > AP EEIHIF-1P 39 (hA IRE ¢ RN P gz
¢ miRNA mimic # inhibitor @ 3 #7d= KX »FF HIF-1p }v & RmEF § £ 3|
miR-221/222 &% 45 -

- P Y N PHEA LR G HIF-1P 2k F13°-UTR 047 % 7748 1 * reporter
assays i — # Gzl miR-221/222 4 HIF-1B A #5en% — M o 2 F SR NS S HFF 7
HIF-1f ¢ 3’-UTR } & 5 miR-221/222 éni&cnR 7] > ¥ miR-221/222 %+ HIF-1B #

4 e e BT 0 K {2 d 4 ¢ miRNA # gk F5fe $ 12 miRNA 5754 4
seed site (Lai et al., 2005)# 2 £ & o # #9730 HIF-18 3°-UTR } miR-221/222
#FehA 7| b 5 miRNA seed site 48 5 7] (TR % A SR E TR0 2 % 377 > seed
site ¥ 5 71| 2 % {4 » Luciferase 38 F 2 714 2 7 4% miR-221/222 # f=endd | o
BB EF AT miR-221/222 ek eni= & Bt HIF-14 3°-UTR F +1869 bp I +
1890 bp 2. & » » %% 1 seedsite ¥ miRNA 4l Flagg £ 5 €~ e F o

i v /,?J%“‘ B > $ 4w @ miRNA + % j£d  translational repression

Krdl A F AP & I - #icB] 12 mRNA cleavage i@ S iE Tl P eo SV
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e T & RT-PCR % & = BL5 2 & 17 HIF-1f transcript ih& ILE 11 2 Fov F A F >
7 2 miR-221/222 €' d w%— 34 f= #rd] HIF-1Be 9 % % % & 7 » HIF-1 transcript
#2 HIF-1B 3-v ¢h4 oA 78 miR-221/222 mimic &5 F|HFrd] o B2 FHT 5
?od e imie ¢ miRNA A3 5 * % Z.45d translational repression £ 5 41 2
Flend 0 W 40 k) F+ .54 mRNA cleavage 72 /T » miR-221/222 #
HIF-1B # Benfrd| £ F 244 1 ;%%' d mRNA cleavage &% » & —fﬁ translation
repression » %2 H ¢ 5 RIF A {8 el £ 4F e F Bt K f A FH @ hF %ivie— gk

WY o AP EF T miR-221/222 3w ¢ i 3 37 HIF-1B ehd R o &
" { £ & hE - s HIF-1B 04 % ] miR-221/222 edrd] > 83 4 HIF-1
A T3 E g 2 B o AU lentivirus Jk bLiE 2R AR B £ 4 IR miR-221
% miR-222 7 MIAPaCa-2 2 ASPC-14& % tm e R T3t F @ ¢ LA F &
5=x £4f HRE & 5] 53% 548 > §1* Luciferase 47 3 2 ] ¢0/E 124 47 > $& 4R HIF-1
ForFF AR AT LFRE A o b A PER A BRI R o H )4
M miR-221 2 miR-222 ch4 e % 2 AP 5 8 » AP J|* FH T & RT-PCR » 72&
T AFenim e FRPF > FILE miR-221/222 thE R E WL g e mve e 3~5 B2
FoEZ2g PRI - LF%BTREHN 2 M miR-221/222 £ R E o iten
e R E AR 2 > B RF B e B 2oy miR-221/222 £ A B A F e
¥R * rU4 AR HIF-1 &40 %1+ 75 1 2 F %] HIF-1B £ miR-221/222 eafrd| @ 525 <
TR SR 00 IE H AR $H  miR-221/222 §_F F)3 4= HIF-1P 4 @ i@ 3 £ HIF-1
BT AR I LR o

b4 v prap d ¢ A7 (Visone et al, 2007) » #r ) thyroid papillary
carcinoma ® miR-221/222 eh& T > €3¢ S Mg iwie 4 £ ig B ehA bgT MR o d 3
miR-221/222 " 3& 580 fmPe ¥ & T~ & cndk 3> Fpt 2 7 4]+ LNA (Locked nucleic

acid),f%ﬁé‘. = e11 miR-221/222 inhibitor » $#r4]5% %% w2 k¢ miR-221/222 %
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oo TH-2 3 6 3 AR B 0 LR miR-221/222 30 WS R e 2 2 4 Kk B end

Boo e p AP ATE e 8L 50K o' tk MIAPaCa-2 2 ASPC-1 F %% % 4rk

B g% o A MIAPaCa-2 ‘m¥® ¥ > Frd] miR-221/222 &y & 15 65 o ?

\ [
bl
(=i

B 'R o e A ASPC-1 mP frp% 322 MIAPaCa-2 4p F a3 % > v 4] 3
miR-221/222 6 » 32 @ @ wmead L B {37 %Y > AP RA
B Fhimie i ? BRI F I G 0 R Eih AaE S R e i 4 R P i
BT ‘%’Kf‘féﬁfr ¥ miR-221/222 » b & fAL R mie 1k Y o 320 B H e and
£ HR R e (Al 4 5 F - TR 4 o MIAPaCa-2 £2 ASPC-1 82 e % %58
Beinteth o RAPR LD ik 0 07 B ks L F LA RS 2 B
et 2 A F AP AT R hm e RE RG] F TR TR
MIiR-221/222 3 5k i 5e 3 4 0 Srphif cnd 4 > 2 B PR SORA 4 B Bt
#l 0 BFEAREA PR HRRE - il

HIF-1 % wmP p &8 chifidr ¥ 5 b 2B we V g EieE L hid o wme
* 3 %‘%‘d # 3 HIF-1o &+ ¥ < i 384 HIF-1 #4255 EF4a0p é’f%",f R ES ¢}]§J€
?oap o MR e Ay %%‘ d HER?2 (erythroblastic leukemia viral oncogene homolog 2 )
i PI-3K (phosphatidylinositol-3 kinase)/AKT #- HIF-1p #if& it » 3 4c 22 HIF-1a
BE4 24 (Lieral 2005) 0 % ¥ 155 5 AFd 45 HIF-1B % #24] HIF-1 s
FF AR e AT Y 0 FILT miR-221/222 &t 3 #2 HIF-1B 3¢ ch# 3| »
P - B R HIF-1 #4855 S iav s AT i -

HIF-1 t3% 5 ggmie ¥ B+ B AT HIF-1 4 4T 7 5§ RUE 6550
WA BB e B nE a0 R B G R e cnd 3305 E R R
Bl e P AIEA FAR I KPR A LS - E AP o gty T
¥ o HIF-lo 30 &t - A ek i > i &2 HIF-1p == HIF-1 - fa#s & 8
hypoxia-inducible 7k F]& (¥ " me F114 5 o @ F B me @250 M KT

4 %P HIF-1 » g fafelmie 3= hF]5 > gkt Migimee > 0§ T30 Rk
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BT A At o 5 R LR B AT F R T R e £ ) me b
B R e T R T HIP-1 R et ) o g4 e o
BT o miR-221/222 43 5 ¢ Migmie? TIAE LA AP IR P FIR

HIF-1f % miR-221/222 srffsnfk 7] » miR-221/222 e+ £ 2% 7 & p275P! ey
Z IR W AIB R W FHRR eV ,‘{ﬁ“vj + ¥ % I miR-221/222 kFr4| HIF-15
AFAY DAL > AP ME BB T S HIF-1 #4875 it > 2% 33045
dnPe = F)F o B R i ch S o

HIF-1B ~ # % ARNT (aryl hydrocarbon receptor nuclear translocator) » # & At
st ¥ B drd] 3-9 AHR (aryl hydrocarbon receptor)i & - AHR #if2 © 4%
FifrF I RBF F o RBP L SRL P TRELH AHR & HIF-1B %
&0 A A EE R EE R~ dn 4] cell cycle 2 P 4y hnre = F1F B R4 A T
(tumor suppressor gene) (Chen et al., 2003 ; Marlower et al., 2004 ; Peng et al., 2008) -
AR e ¢ miR-221/222 hh B AJRE W A5 7 R B 39 AHR #
oo B A B 2K Flegcde o Zhm b et SRR 0 F - kR RE S
ERR T2

WA ALY o AP R HIF-1f A %] 3-UTR + +1869bp & +1890bp *
B 5 miR-221/222 &5 5] » miR-221/222 &t %%vi FERE L ECR 73 ¥ HIF-1B en
2o B0 ey HIF-1 B - 3707 g Lo f fAMamed
miR-221/222 5~ £ cnd B> = #F {%’gt“ P ¥2 HIF-1B eh4 3 > 4524)] HIF-1 0%
to Pk R e e 2 MR hd £ N F RS T R R
AHR % 2 #5 » WP @ w4 374 ahp g g jadniR 3 /18 ohF

Rig- HEP 2
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% 1. Primer 5 7|

Primer % #& Primer & 7]

ARNTf1-Xbal  5’-CGATtctagaAACTATTGGGGTGAGG-3’
ARNTrl-Xbal  5°-CGGTtctagaTCACTCATTTTAATCCAG-3’
ARNT{4-mut 3’-GGCAAAAATAATGACCGCCTATGAAGATTTTC-3’

FRER SRR o AR R DR E
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2. DRV HEY Rl E

R #&

MKN45
KATOIII

T il 7

ASPC-1
MIAPaCa-2

R B #

C2BBel
Colo205
DLD-1
HCT116
SW48
SW480
SW948
SW1417

30



A

Free energy of Free energy Target

seed maich conserved match of duplexes Probability conservation
miR-221 target HIF-18 8mer -12.0Kcal/mol  -22.7Kcal/mol 0.81 100%
miR-222 target HIF-1f  8mer -17.3Kcal/mol  -24.4Kcal/mol  0.81 96%

B

Conserved site

hsa-miR-221 3 (EUUUGGGUCGU(IJIIIGUU}IX(I?AIIT(IZ(;:A 5
HIF-1p3°-UTR 1868 5’--GGCAAA!IXA[IDI\AUG.?C--;i&II.TGIILik(i'i(I'JA---S 1890
hsa-miR-222 3 UGGGUCAUCGGUC--UACAUCGA 5

¥l 1. HIF-18 3 miR-221 2 miR-222 ¥ i} &% 4 7]

(A) Seed site match ¢ TargetScan #% i ; Free energy of conserved match ¢ miRNA
Viewer # & ; Free energy of duplexes % Probability ¢ PicTar 4% i ; Target site
conservation 4 miRNA Viewer # & o

(B) miR-221 2 miR-222 & HIF-1B } 7 s ehicni=% o B¢ &7 HIF-18 3°-UTR

+ 41868 bp & 1890 bp & 7] (M4 stop codon s % - BFEpi=E 5 +1)-
miR-221/222 0% 13 % 8 Bife % (IEFART )i $ 4 7150 5 o4 8.
23 R %Y M 5 conserved site °
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A

HCT116 Marker Colo205 SW1417 C2BBel DLD-1

HIF-1pB

a-tubulin

SW480 SW48 MIAPaCa-2 SW948 MKN45 KATOIII

HIF-1pB

a-tubulin

ve

Endogenous miR-221

el N e e e N e e ey
00 MO O = b L e Lh Oy -] 00D

Relative Expression

(=R SRRV A =0 |

A

o
x % 5)
® 2. HIF-1B 3¢ 2 miR-221 &) * f w2 k¥ chi R
(A)rra > B &2 A& 47 HIF-1B -9 F # R & - a-tubulin % R & /¥ 5 internal
control - HIF-1p marker &% 7= -] % 100 kDa ; a-tubulin marker &7+ &+ /]
= 40kDa -

(B)miR-221 %R E - |* F# & RT-PCR A {7m*% ¢ miR-221 % LE » 1
MKN45 12 E § (TAR - FH 2% 5 45 FAF 7 B ldhi B /r @ enT 1o
AR o
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HCT116

NC miR-221

MKN45

miR-222 miR-221

NC

miR-222
HIF-1B

a-tubulin

u

¥l 3. #& 7 miR-221 mimic 2 miR-222 mimic #r+] HIF-1§ % &
A)fI*a = ek

> gLE x4 47 HIF-1B # 3£ - NC 3 # 78 random oligomer ; miR-221
% # 78 miR-221 mimic ; miR-222 % ## 7& miR-222 mimic °

i
'
'I."_,.' h iy W
e | I a il k
| oW _l!..l_' | [
\ [ i) |! ]
21l 1 () I [,
i I '.-I-_ TH]
/ | | Al -‘-'
T | 11
..-;_. .| | | i
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A

scramble-miR + - +
miR-221 mimic - - + + — - —
miR-222 mimic - - - - + + —
miR-221 inhibitor  — + - + - - —
miR-222 inhibitor  — + - — — + —

S

a-tubulin

B

scramble-miR - + -
miR-221 mimic - - - + + — -
miR-222 mimic - - - - — + +
miR-221 inhibitor — - - — + — —
miR-222 inhibitor — - + - - - RS

MIAPaCa-2

+
|
+
|

HIF-1p

a-tubulin

C

scramble-miR.
miR-221 mimic
miR-222 mimic
miR-221 inhibitor
miR-222 inhibitor

HIF-1p

a-tubulin

¥l 4. # 7 miR-221 inhibitor 2 miR-222 inhibitor ¥ 48 HIF-1p % %

FU* & > BE& 2 A~ 4748 78 miR-221 inhibitor # miR-222 inhibitor {& > HIF-1f 4

JLIFA5 o 11 o -tubulin % internal control iF 5 T #& it o & — % Lane eim?e ¥ #7
# 78 crmiRNA mimic 2 miRNA inhibitor ik & %, & % 100 nMe(A)% % i 2 (B)(C)
= # e Lane 5 ¥ M transfection reagent 2 o
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A _

random oligomer+scramble-miR s pa—

miR-221mimic+scramble-miR T ¥

miR-221 mimic+miR-221 inhibitor ' I

0 4000 8000 12000 16000 20000

Luciferase/B-galactosidase

B

random oligomer+scramble-miR _ ——
miR-222 mimic+scramble-miR - —1— %
miR-222 mimic+miR-222 inhibitor 7 —f—
0 2000 4000 6000 8000 10000

Luciferase/B-galactosidase

W 5. miR-221/222 %t Luciferase 47 ¥ 3 7] £ 308 8

#-3% % 748 pH3U £ PCH110 wale # #& 75> 1 PCHI10 # 35 B-galactosidase ¥ &
internal control » 2 Luciferase 7 2% it Fr3d HIF-1p 3’-UTR + £ 3 miR-221 (A)
2 miR-222 (B)cikini=% « B % 2% 4 4 5 €459 5@;@:47; L 408 hT et
®F 2 12 Student’stest ~ 178 F L B (P<0.05) A5 iv LB frdles F LB o
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A

Seed site
hsa-miR-221 3’ (IZULIT[RGGGUCGU(IZLII(?WJ?(IL?III(IZ(IEA 5¢
HIF-1 3’-UTR 1868 5’--GGCAAAAAUAAUG{LC--AUGUAGCA-- 3’ 1890
hsa-miR-222 3’ UGGGUCAUCGGUC--UACAUCGA 5¢

HIF-18 3’-UTR mutant 1868 5’--GGCAAAAAUAAUGAC--E??S&L&I&JE}-- 3’ 1890

B

pH3U+random oligomer i —]—
pH3U-+miR-221 mimic i %
pH3UM+ random oligomer i ——
pH3UM-+miR-221 mimic _ -
0 1000 2000 3000 4000 5000 6000 7000

Luciferase/B-galactosidase

Bl 6. ™1 Luciferase /= |+ % i* 4 47 3¢ /2] £ seed site ¥ miR-221 3 i3 ik Fleh

R

(A) HIF-183°-UTR + miR-221/222 seed site s i 5] 2 % %15 ¢ 5]« B B85
RENEE o

(B) 4 Luciferase & %% i* #/£3% miR-221 ¢k eni= ¥ o pH3U 5 pGL3-HIF-1B
3°-UTR;pH3UM 5 pGL3-HIF-1p 3°-UTR mutante #- % 4 pH3U & pH3UM
2 PCHI10 #ak # #&7 > 2 PCH110 # I P-galactosidase ¥ % internal
control - F %% % 5 4 X £4FF Skdcdpt & THE % £ 2 )2 Student’s test
AYrREEALR (P<00) Bl Birdlles x4 R o
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HCT116
NC miR-221

miR-222

HIF-1B

a-tubulin

150% - HIF-1f transcript

100%

50%

Relative Expression

0%

Bl 7. & 47 miR-221/222 4| HIF-1p % 3%+

Non % ¥ 17 transfection reagent k&2 ; NC % # 78 random oligomer ; miR-221 % ##%

78 miR-221 mimic ; miR-222 % ##& 78 miR-222 mimic °

(B)fI* & > B % ;% ~ 7 HIF-1p #-¢ # IR o a-tubulin % 5 internal control °

(O)F1* I # Z_& RT-PCR 4 7 HIF-1p transcripte *4 GAPDH transcript % 3 internal
control o F Sk %% 5 4 =X L4 F Syt B T35 ~ % L 2 12 Student’s test
AyrREEFAR (P<00l) B A&y dles BFLE -
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>

B

1.2 Endogenous miR-221 1.2 Endogenous miR-222
5 1 = 1 b
08 - 08
[ =
= =
Ho0.6 0.6
O ]
2 =
= 04 = 0.4
2 2
0.2 f . 0.2 f
i 2
0 L | 0 I i I
1 2 3 1 2 3

@)
w)

Endogenous miR-221 Endogenous miR-222

1.2 1.2
T
§ 1l £ 11
g 0s 2 03
E‘ X E i
M 0.6 M 0.6 |
L L
2 2
s 04 S 0.4
2 K
0.2 | 0.2 |
*k %
0 S 0
1 2 1 2

¥ 8. r2 miR-221/222 inhibitor #r4]p £ # miR-221/222

& - hmre P & 78 o inhibitor EAR R E 5 100 nM - I * ¥ 2§ RT-PCR 4 17
MIAPaCa-2 fw% p 2 & miR-221 (A)% miR-222 (B)/1 % ASPC-1 fm% p 2 |
miR-221 (C)miR-222 (D)2. % & - (A) (C)z bar 1 > ## 7 scramble-miR ; bar2 %
##& 78 miR-221 inhibitor;bar 3 % #& 78 miR-221 inhibitor 2 miR-222 inhibitor-(B) (D)
Z_bar 1 % # 78 scramble-miR;bar 2 3 ## 78 miR-222 inhibitor;bar 3 3 ## 7& miR-221
inhibitor 2 miR-222 inhibitor ¥ S5 % 5 4 X £ AF F k- B #71F TioE ~ {RE 1
% 11 Student’stest » 178 F £ B (P<0.0l) E5Lii 2 &yrdles BEF LB o
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A
B

® 9. miR-221/222 $ MIAPaCa-2 % %R fm 7 3§ 4 s i
{6 33 844k 78 miR-221 inhibitor % miR-222

v

11 5x10° B e 5 - AL o
inhibitor enim?e ; % {8 %1 F/ﬁéf scramble-miR chim®e o 2 & § F HECIERER
78 scramble-miR him e 1525 & ”ﬁﬁ"m:“g : :3 # E 4Tdp & LSt 78 miR-221

inhibitor 2 miR-222 inhibitor rﬂ’w”é (i %\' va F” "' 1”‘ o AR LB E 5o
(A) 72 MIAPaCa-2 fm® % % B i3 [si sl )
(B) i1 5 MIAPaCa-2 i T i & 4 j[ | |

al

A
B
R 111 "'
B | | || i o

-:' 5| : I' Wl
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Wiy RISH
2.0: 003

B 10. miR-221/222 ¥ ASPC-1 5%’-"1&'—'}%.3\11’??:!% 4 ﬁﬂ;&é%‘
v 1x107 B fm e A - AL St o 4 s %3 sF#E 8 miR-221 inhibitor 2 miR-222
inhibitor ehfm?2 ; % {5 %1 5 78 scramble-miR eimPe o 2 4 & Ep SREIERER G

78 scramble-miR éhim e (5 2) % M n = B 5 ¢ HERATdy 2 E AL

miR-221 inhibitor 2 miR-222 inhib:itor'ﬁ'i?em LR «’_,l_j DR Y o B EH L 60
(A) Lo ASPC-1 in% T ik B (6~ ik & —\ @\

@)ﬁ%AWOL@%i&Q@@&PJPﬂ] 1
- | """,|.

'y
|
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