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Abstract

Hepatocellular carcinoma (HCC) is one of the most lethal and prevalent cancers in
humans. Despite its significance, there are only limited numbers of effective therapeutic
options, partially because our understanding of the genetic, molecular, cellular and
environmental mechanisms that drive disease pathogenesis is far from comprehensive.
So far, the only one molecular targeted therapy drug for HCC is sorafenib, which is a
multi-kinase inhibitor. However, the mechanism underlying the therapeutic effect of
sorafenib remains unclear, and several “off-targets” were recently discovered. Thus, to
identify targets that sensitize to sorafenib may provide important information on HCC
treatment.

Recently, genome-wide target gene knocked down by the pooled RNAI
Consortium (TRC) shRNA library has been widely used, and it can be combined with
drug treatment to become a platform for identifying potential drugs with synergistic
effect. Based on this technology, we want to identify the sorafenib-sensitizing targets in
HCC by in vivo RNAI screening. In our study, we transfected the pooled shRNA
packaged by lentivirus into a HCC cell line, HuH-7 and injected these resulting cells
subcutaneously into nude mice to knock down 96 kinases. After tumors grew, the nude
mice were then divided into two groups, control and sorafenib treatment. After

analyzing the genomic DNA of tumors by next-generation sequencing, three genes were

iv



found that their sShRNA ratios were dramatically different between treatment and control

groups. Although the functional roles of these genes among the list in resistance to

sorafenib are still undetermined, Syk has been reported as a potent modulator of

epithelial cell growth and may be a potent molecular target in cancers.

We then used shRNA and its specific inhibitor, BAY 61-3606, to knock down Syk

activity in HuH-7 cells. By cell viability assay, the HuH-7 cells are more sensitive to

sorafenib, and the 1Csy of sorafenib drops from 6.7uM to 4.0uM as Syk is inactivated.

Furthermore, the growth rate of Syk silenced HuH-7 cells was also much slower

than that of HuH-7 control cells, which suggested that Syk may have a synergistic effect

with sorafenib on cell growth or survival and may be a potential target in HCC

treatment. Although the regulation mechanisms and functions of Syk still need to be

further elucidated, the screening platform in this study can provide us some potential

targets on disease treatment.

Key words: Hepatocellular carcinoma, RNA interference screening, sorafenib, Syk
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BSA Bovine serum albumin
DMEM Dulbecco’s modified eagle medium
DMSO Dimethyl sulfoxide
ECL enhanced chemiluminescence
E.coli Escherichia coli

EDTA Ethylenediamineteraacetic acid

HCC Hepatocellular carcinoma

Kb Kilo base pairs

kD Kilo Dalton(s)

MTT (3-(4,5-Dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide
NGS Nest-generation sequencing

PAGE Polyacrylamide gel electrophoresis

PCA Principal component analysis
PCR Polymerase chain reaction
PBS Phosphate-buffered saline

PVDF Polyvinylidene difluoride

RAGE Receptor for advanced glycation end products
SDS Sodium dodecylsulphate

shRNA short hairpin RNA

Syk Spleen tyrosine kinase

TEMED  N,N,N’,N”-tetramethylene diamine

TN Tris and NaCl buffer

TNT Tris, NaCl and Tween buffer

Tris Tris (hydroxymethyl)-aminomethane

vi



P R B B R oo i

B i

1.1 35 (lIVEN CANCEI) ...ttt e e 1
12 @AY cnE & A F 5
1.3 "pans kB Fm iy L (sorafenib) ... 9
1.4 pEyipa* 3 &2 H 5 (RNA interference screening)...............coooeee 17
15 BT 3 BB BT B o 20
T e N TP 21

2. A B 23
22 BRIEZ KB oottt 23
23 FEE E FUH o, 24
DA BRI EER M e, 25
25 A e, 26

vii



3.1

3.2

3.3

3.4

3.5

3.6

3.7

3.8

3.9

B A P8 B S oot 27
B & RNAShRNA)FrFF] B B2k Bl e 27
U B B 30
A F1 2 DNA(genomic DNA) Z Be . e 30
B A 4 (Xenograft) & 4= Host o, 32
REMGF s~ AP RS2 MRS v e 34
=& 2 A (Next-generation sequencing, NGS)% &% & 47.........ce.... 38
B0 FTA T o, 39
e 4 30 A TEE (MTT ASSAY) .. 42

* SN 44
T B e e,

41 i+ B FE# e (xenograft)d 4 Ho B PRI B EE 44
4.2 =+ 2B (Next-generation sequencing) 2 szt = jx & 47 % fE
I B G 3 2 e 44
43 ME > BB AR ERE R T R E 45
4.4 110 5 4 RNAGShRNA)FrH] 4 feviept jepe (Syk) 2 A F1 2 e 45
45 1imee 4 g 4 325 (MTT assay)s .5 & sorafenib &2 341 Syk

BTt b 2 B 46

5.1

5.2

5.3

e N T - 48
"i-fis ik e (Spleen tyrosine kinase, SyK) 2o # 5t ..., 52
Hois B B 2B 55

viii



----------------------------------------------------------------------------------



1.1 *#&(liver cancer)

B3 2011 & 50 > ATy ZHEEE H-T—:}ﬁf'ﬁﬁq,fl{?;'gsi‘%\: ArE R I M AT Y

BT Lo RAERIE S Lo A L o F 3 g P 2 ARR(l]

|

B > XA LT EFEARNEYRDENE FRFLSFER B XL a TS RS

ERRG LHEE B E o ENERENE R 7R EB A]
iﬁ}_‘ﬁ'?’r,?}’fa AiE- Fw L F AR, T Y J‘l-ﬁﬁ%friég/\_l.:j‘,g rﬁﬁﬁ

PlEFFH 4P [2] @ bW R o FIRFL FEATRY ) AR F R - ERA T

-
14

g m s ARG A F - o - A e FHE A2 ;

3 R
EC A N ']bi—';‘?""ﬁ-'}%,&f‘)%f}fﬁﬁﬂb B¢ AL % o L[3] 0 BE RO

i

it

Cases /100,000 persons

[ <25
[ J<4.0
[J<6.0
<93
] <9.4

(BIA: "Rz B8 AT o Fiakd Fd Tk d Bo HE=:10F 4 5 [1)])

B ARE SR F b Wt § g s o d oAbz - 30 B 2 dEgan

45 % 60 fh - [ o



111 "2 A 4F

ERAFROKR 0 T A G A AR DD RN de e o731 g an R AR (primary
liver cancer) » 12 % 3% g o e 3% i 0 R B RE R PHATE TR AT B il B TR
(metastatic liver cancer) « J % {30 & R fm e fa 5 ¥ L A& L "oz J§(hepatocellular
carcinoma ; HCC) ~ "% ¢ w2 Jg (cholangiocarcinoma) v/ % # & F L 5% 580 ¢ B
(hemangiosarcomas) 2 3%z ‘m *z % (hepatoblastomas) - H ¥ 3+ w2 i & (b 3505 4 &
185% 3 90%[4, 5] » A2 ¢ ArfLen TR ) L TiRwmre g ) 2 AL ¥ A

B s hmie 58 L 2 g 4 SFAL v (cirrhosis) 2 & -

1.1.2 3+m% g e s % )3 (risk factor)
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1.2.1.1 + g 4 & ¥]3 (Epidermal growth factor, EGF)
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nucleotide polymorphism, SNP) » Je & % chh %+ € &% + < [37] > 2 st 4 SNP
¢ @ me ¢ EGF e mRNA $ s 8% > 47 EGF { i 15 EGFR B f& 7 et 4
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C Tumor Development

INFLAMMATION Y Tumor Progression -

: IL6, IFN, TNF¢ -

e s e and Invasion
Intracellular mediators: HSP70,
JAK/STAT )

LIVER REGENERATION =)
Ligands: LTa, LTB,chemoki

(e.g. CCL2, CXCL10)
R LTBR, CXCR3, CXCR2

[ OXIDATIVE STRESS ] Intracellular mediators: KK )

Ligands: ROS, NO
Intracellular mediators: CYP2E1,
cytochrome p450, COX

X
ANGIOGENESIS
DIFFERENTIATION AND APOPTOSIS Ligands: VEGF, FGF, POGF. Anglopoletin
F‘R;';";’,:,,WETZE',"';“;:C:L“ ACER Intraceltutar modiators: AKT. MAPK

Intracellular mediators: Bcatenin,
BIRC5, MYC, CCND1

Ligands: TGFA, EGF, IGF2, HGF

Receptors: EGFR, IGF-IR, MET

Intracellular mediators: AKT, mTOR,
ERK, BRAF

[PROUFERATION AND CELL SURVIVALJ

L
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1.2.1.3 ¥z 4 £ ]+ (Hepatocyte growth factor, HGF)
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FGF ¥ it € 4o VEGF § 4c & (% » & "y ein § 4724 25 { pLE[57] o
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BETE 0 RPIY AR R B ENE 2 LU 2 b LR R R B A0
Hivigh gL ANPHERE > BT EF RIFKROTRE Z E7(clinical
diagnosis of HCC) = pt ¢} i jp| ® 4| *5 52 3-v (alpha-fetoprotein, AFP) ~ #t 25 AL 4% . fis
(des-  -carboxy prothrombin, DCP)[60]£2 ® #] 7 s2 3-v £ & 48 3(AFP-L3)[61, 62]=
FAF *FITREBEE ) 4 PRI A ATREL O TFREPRT A LI B
F# £ > StageO ~ StageA ~ StageB ~ StageC 2 StageD- & § H 17 Fisf = 54[63 -

B E] -

r Hepatocellular carcinoma 4
L L

Stage 0 Stage A-C Stage D
PST 0, PST -2, PST=2,
Child-Turcotte-Pugh A Child-Tu monT-Pugh AerB Child-Tureotte-Pugh C
' ! ' '
Very early stage (0 Early stage (A} Intermediate stage (B)  Advanced stage (C) Terminal
Single <2 cm Single nodule <fcm Multinodular, PST 0 Partal invasion, atage (D)
carcinoma in situ or 3 nodules <3cm, N1, M1, PST 1-2 1
PSTO
Al
Single 3 nodulgm =3em
Increased portal Yog ——=
pressure and elevated T
bllirubin levels Aﬂamin[eld diseases
No Mo e
l l l . !
R ion Liver Eantation | PEl or RFA | | TAE ar TACE | | Sorafeniby | Suppartive cara |
(CLT or LDLT)
| Beyear survival 40-70% | | Median survival 11-20 months | Burvival <Zmonths |
vb
(B E: e P E G0 > 5 5 [63])
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1.3.1 " eris R
e 0 BRIEB AR S EIR > BB o Foav iR G AR ERT
FHHER S LR LA ILE E R o e PR W AR R e A IR
Rl 2R B AR A 2 AR RG]
+ e v (Surglcal resection)

L g R RO 2 % - e - A T H b 3R TR
ER7 o SHEPRESITRAEEE B A FITT A B SER o ] X
BT EE 7 hd R AT E o dok R SERFEIPFRERAR P @
FR7 o - BEFRLG A ATH G R AL R o R B A L
A S IFH N D N E - B BN A)E L P RSFR R R D e R D
A o EiEP & Az ok ok WRIEE o ] AR T R G oy f%?ﬁ»;&ﬂ%_’ 38

4w [63] °

5% 4% 42 (Liver transplantation)

R R Rl ",i—T 65K 1T 5 ¢ B - R 425N A 0 R %
BFEITR A AZEE Y T S ARE3IN A o P A BRI F 2 RRER o
FER S ADE G EFT LE T T0%0 4 F M0 15% o 15§ TR AT 0
AT A AR Ak A o PSR B € 1B 0 1N AR A S o

s % HF[63] -

JFE L %t o % (Percutaneous ethanol injection, PEI)

SRR ) PR S 30 A D e 3B T )R w A R
,Jfl;, 51 R ,ﬁﬁ‘—,: BFin Ry o ,ﬁﬁtﬂb ® " Fimre P kv ;ﬁ&ir;:]fg f;‘r v iE A e
B e ip R hE P R E T 0 i ¥ =32 4 chup i 11100% 0 Flpt o] 3l
g 3 7 B4 [63] -
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sHIE ) jie(Radiofrequency Ablation » RFA)

SHIF S T <30 A R T R B FPE LS AR P o {30 A S R 2

d

F RS 2150% > Flet s R AR LS R kg A Ao i g e
SIS E A TN RS e B R o ] RIEFRS DN R E ERER

BT Flenesh > m B esanig 3R] RigFE Tl R R S Lo ST

AT RS Uy EARAL TS T AL Adp il & T TR 8l T o Rn R4

(probe) % A K > 3~ R R PR EYDRNINGE CF RN EEE

(coagulation necrosis) » Pz i AL F] TP = o

la)

PR DREER G ] o R R R T U SRR R R 2T R
iRl F ARG FLEFR 24N TE D HprefifaX oo R rd 4 5
Bl kAR o BTG T OTIERL 1 4 R F R AT A R VR R
FHETG o § BRI ATIFERA G 0 DO W2 TR S o AR Y

4 MG e RGBT A BRI PR o T A n P R aVRR 0 SRR

FROGA IR N Rl B R R T § Bl s frofba iR
B3 0 MR R 4 L RS PR ERSRT R BT
EHEE G AR RSB EFEERS A 2RI DG T 0 ERT

Fbodin FEE LenE gog o RBATY SIS TR AT RER DS
T 7R S N s g 7 i220.8% > fe M B3R (0] 35ec) o B PR
4+ é__ﬂ:p-pw?;a 'J ,iﬁ.{%,{.(] ;}.m,r}t. ’EE‘- gtm}% # ; }%‘%é _ 33__,\ P\ gﬁ )i

4 94 [63] ¢
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S5 % (1 Ry )1 % (Trans-arterial (chemo)Embolization, TAE/TACE)

TAER chfest ik % @ Wgak o @ o p o B AIFRCRE SR E ISR
d AR R L R H D F A @ T MR R+ QT5% kR EEG
25% & B BFE AR o BEE AR S BEFR ARG X R LB000F F o K 20 BRI AT E Gl R o
Aoz dd FER L Fde R 2 i%@g‘ré?‘{iﬁ% N SRR N TIR] O a
(ischemic necrosis) » 7= % € 314 § " 2R > & (infarction) o F]pt > f * 5
FHBIT O RERT [ o TR TR RN A R ALY PR e
BT RMEHAE LSRRG A o PR LS W”%*

PR TR RE 2 - 0 A HE

?{é

AR YT AR R A
RS I LR VS T2 RE R R USSR Y SR E T
FRAN D LT 0 R kg L2 SR

Bo - i E[63] -

kil SRR SEY

Pl B F AR 2 o d £ s u% e u—nﬁi;]v m)f,\‘; % H-‘F—F;f{f,% N AT
B st g o Aot TR AINA IR ES B BRI R
ER ek A RV RELR R E TR VR ES AT 4e2 2P
BlIEH o JLofe 23 B * 30 AV @ 2 R L E MR o Fim e g 2 PR

TR B A_H BB MR 2 VR 45 [63] o

>EM R
e R 2 P a R B S FIEEL P F G - o LB SR amk P A A
BBAELY o AR R B e A e Y TR F iR 0 Y OTiER
IR A o R b f L N R e i e TR G F Y B A
i E g ehat R P BB R4 B4 0 2 5 M s X R 4E[63] -
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ot i
Heie o FIE B E% K VA HBF T2 AT HH > FTE ALK AT
I EAR AP TOITRORI S LG 54
(= DP9 72 20 4, @ R T il de J Lk E
1. Sorafenib (Nexavar » % 35 1) : 5 — f& v PR 5 jefie e A 0 1 & 4 3§ p

AAE RS A, kPSR TS ST P el £

NS

e B ATA M EE o AL WBEITRRER DB ST ISR EENGTEDT
iF 6.5 Y > W RETA2B P FHLAT% 0 TIELHE28B Y 60 oKk E A B
NIEAFRE > B EHRBEDLARE Y o ¥ oa g (B 2 35+ &g (hand-foot
syndrome) & 4 F By & o gt E P B IR AR LRk REF L B S

4 25— B d FDAPCE * 2800 5% 7k il b= 5 47 [64] -

2. Sunitinib (Sutent » S 4F) ¢ 5 - fA v PR S Fepa e A o 4 B AHR L4 LT
FEMo L A A LT T SRR kit %o i chpl (T & 35 L R
BB TRF

3. Erlotinib (Tarceva, & 3) : & — f& v FREVEGFRpsFr &) > ¥ fhd 4rd]

4 £ F]F £ Bre¥7Ras/IMAPKL 4, @R R T » R lm e (h = o Vi N

T

ks é’#éﬂ{-‘)?} s ,uﬂfb’}ig , T}ﬂﬁf_ o

B RS MR eni & §_ bevacizumab (Avastin L iB) 0 H - A1 & 2
i g L 2 & F]F (VEGF) 2 H Rl » ¥ Frdilo g AT2 o d 30090 5 % 737
S g 2 FE R Fpt I P REFA L B ATE DES RS R o oA R (E @
G R IR -

Wim b e BH LR g VAT Wpleiea 3 BB ¥ w0 &R

A SHRB T BT L o BB RS R R e 7 T
13



Bom o d R s R R T s D o AR Mg > B SRR AT R
A iR B ot A AR AR ES B H B R E o E T L Aot

2,
1.3.2 Sorafenib (Nexavar, % 77 %)

1.3.2.1 Sorafenibei® * 4]

AR A, 2 @ 3 0 RafIMEK/ERK }* MAPK 2L 4, & VB f5 e 1 30 0 28
FEL N d > P RLBRREE BB et AR > FRI-22 1
¥R do b PR A FIRasIE Y [64, 65] ~ — 4t 4 B F]F (4rk o] fE ATE 4K
Tl L R AL FSE)E B LA R AR R - B BAACAIT A 4
518 et % [66, 67] 0 39 E F A L BB AR A B R mEH L 2
o Rgd WAk [ TS 4 K F]F (PDGF)frs F p 4 4 & F]5 (VEGF)ehA 2 @
L FATL R R [68 0 BIF] S FIL o $5EHN RL e F T LR E
&y EES TR - [69]

Sorafenibeniz 4 5 i = 2L Fi & (bi-aryl urea) it & 4 > @ H 1% % 44| deBIFTT -

i Hh R e ¢ o sorafenib ¢ re #7Raf/MEK/ERK ¢t 3 4 @ 2Eie o m frglimre 2 £ >
I s ¢ drilRafeh R 454 (isoform » 4-Raf-12% B-RAF ) ~ £ 2 # 2% 7]+ 4E (elF4E)
ALY 0 B Mel-1E SR P e B AR R e o RSB mr ipak 4 £ T4
7= oM g Rt o sorafenibR] ¢ #r4|PDGF % VEGF crf i jicfis < 48
(receptor tyrosine Kinase) » & & [ ¥ et L @y > B F AT (B 4RI o

&t = 4] > sorafenib® i¥# St HiE e 2 F p A fwve @ i TR R e B 2

e

EEFIE RIS URY SO
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Tumor Cell

elF4E

M.cll-1 l‘

Raf 'T‘l o e'HE ' ’

Proliferation
Apoptosls i

EGFR

Ras (-k R
Apoptosis
Raf e——]

Sorafenib

Angiogenesis

Vascular Endothelial Cell

(BIF : sorafeniberi® * 5 5 [64])

1.3.2.2 Sorafenib e 22 27 % |4
d Rk AT g R A 0 B a0 & & (72 Child-Pugh scores® i 5 Ak) ~ &
#£3 8 ATOR LT T 4 ’”‘)%,?,"z ® i * sorafenib;y f fo% & 4p vt it i T

E— g % e ox[64 0 £A] -
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Phase No. of Male  Median age  CPS Etiology 0s TP DCR  AE (HFS/diarrhea/

of trial patients (%) (years) (A/B/C %) (HBV/HCV %) (months) (months) (%) fatigue %)
3 (RPC)  Sor 299 87 65 95/5/0  19/29 10.7 5.5 43 3/1/3
Pl 303 87 66 98/2/0  18/27 1.9 2.8 32 0.3/1/0.6
3 (RPC)  Sor 150 85 51 97/3/0 7111 6.5 2.8 35 11/6/3
P176 87 52 97/3/0 78/4 4.2 1.4 16 0/1/0
2 137 71 69 T228/0  17/48 9.2 4.2 36 5/8/10
2 16 88 72 NR NR >15 =3 64 6/6/6
2 51 88 56 712613 90/6 5.0 3.0 26 16/20/8*
1 27 93 70 48/52/0 15174 15.6 49 82 27/0/0
1 13 100 64 92/NR/NR 023 >2 NR 62 18/82/91*

(% A : sorafenib>*HCCz_ ;5% »x % ; [64])

B B Ay Z TR E% Y o KiEsorafenibio f g &0 B F 5% E X
(overall survival, OS)# %232 2.8 * - *#4p 3 P& (time to tumor progression,
TTP)w £ 143271 ¥ » A i+ 5 (disease control rate, DCR)R]# % 11%3 19% -
@ B v sorafenib¥ >t % ‘]él_-‘[}’ﬁ B ~T0p 12+ g,dﬂz 2 B o5 A ﬁ?,&ﬁif}%“?)im%ijp

i

R
&

8¢ #hsorafenib v u & Wk & T 157 7 i PR

- y\
3
5
=3
_

o
[
Q-
ém.
ke
(%
s
e,
&
Ry

thoo B A4 BB &5 v f5[70]

PISK/AKt =t & & vE i j5 5 i
P FI R B e drd 1 & ¢ ¥sorafenib A 4 FLE M i [T d TP LT E 23
Frimre gESee ks o FREME gmied LY GES I Tl
Bk s @ R pamie A g 0= o g Fsorafenibik B et 2o BF 4 A R i v Hhde
HuH-7 ~ Hep3B % PLC5 % 35 ¢ 4w 'w¥ k= » Xm 3 & pFF resorafenib g fmve
Rl A2 &> & gipe it chAKtA RE F 2 5 & 7 PIBK/AKULE 4 @ ¢ wbe 575
[71] 4 A7 § &% @ P % timoe ¥ 40~ Akterde 1 3] (4o MK-2206) B| 7 & w52

sorafenibegs % tH3E < A R ML IR R oo
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EGFR% HER-3% 3¢ + &
A X e R A pE s ¢ &k e ¥fsorafenib A 4 FLEE o (T E AT R
S F R Ewe R HR{oRHE Y o F e 5 E Y A fE 2 1 endr ] A 22 sorafenib

i e e 2 B4 [72] -

Epithelial-mesenchymal transition, EMT 3R %
EMT: F A lmre 5 P iz 2 % > 3 L5 e th4rHepG2 i 2 o
BFts A fuee® ~ 2 ka4 % 0 T ¢ ¥Fsorafenibj % 14[73] ; I

¢ Are Bgom oo v Ep 0 ¢ o sorafenib € FrA|EMT > 1 i frf& 4% 5 B 0% TGF-B

é"i

7 7T "% [74] > BT sorafenib¥ #rF|EMT » e m?e 5 & 2 & M| € B8 2 EMT

s
NN

I A

p A8 % i (autophagy) & dp sm%e ¥ JEd & & chig 4 (lysosome) #-p & chie E
(organelle) & H is = F:e (7 4 f2 > An s A drmre 2 £~ A0 s PTG
(homeostasis) £ & 54 > @ JL B F1Ers i @ Bpim®e hdk £ F R PR (R0 A e BAL A
o4 LR LA =) 3T & A7 7 A o7 sorafenib € RLE MR m e chp BB
I s g HREM A 4 [75] 0 AR FEwasd KN o

%
5

A

gt i"ﬁ i sorafenib e i * 38 ~ R ,}-ﬁ_,j%’:ﬁ-_ignzm » ¥ JL.sorafenibaz ¢
B—F—;}%.:* - T wH TR 4 pta*mgg]v}mgﬂl@; ;\g‘j_éiﬁ@,g;;;gwgﬁ
RE 2 #BES i Tt g L LE > fasorafenib L7 § # & & (7% Gk

+ 2 A YRR T > ¥ e L sorafenib it AR 2 fr vt § - 2 RAL o

1.4 vrpsipe = 3 &% $7 (RNA interference screening)
2T fe 7+ 3 7R % (RNA interference, RNAI) & & Aje 4~ ¢ M- 1 & 5 - 54
WA R ADLEF o F oA~ B P e poh- BB REIRRNAT @
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#F ETMRNA% iz > {ﬁtb I‘E’.@‘?:}P‘afr AFE IR o P IE WA S RNAF R % o
RNAIT # 3 Frd| 3 2 A Flehd > fio®% p > ek i RNASRNA) & o 7F i
» i) B A RNA(ShRNA)F £ ¢ #tDicerfis % y¥snm 7 B & Roma P ik - AL
2. % SiIRNA - £ ¥siRNA ¢ {*RNA % /w2 4F & % (RNA-induced silencing complex,
RISC)%z & » it B+ F > @siRNAH @ — % ¢ 3 4RISCY » X {rp L4 7]
SIMRNAK & 0 ¢ P R4 FImRNAM S 12 & 7 5335 3 FlFrd)2% A Fl 4 Rars iy

[76,®G] -

JAL LU L LIl L L) Ll 1 1
dsRNA \ / shRNA

processing by Dicer

uu

*-nsoclallon with RISC

P

uu
Jm@m  wse
v

ATP
unwinding of siRNA
ADP + p; 4k

e

Jresoantion ot trget mena

@i 5

ALLLLLLLULLEE R
(BIG : RNAIiF* 4] ; [76])

T ot 4 0 RNAIT AU * ¥ fiof k F174 i 4 4 (loss-of-function) 2 2] » 4§
" fR AL Flenst iy 2 4 A (phenotype) 0 1T E ko d A A FEE K Bla > A F] 2 RNAI
RBoe sz o7 it stef AR P e ik FIRE S A AT T oA Af]* RNAI
PRy P ARG AN AN G F L S amT JERNASIRNA) 1 2 & o qg
& &) B ARNAGhRNA) » & 5 # R4k BL273f & e % = 3V [77, BH] - siRNAW
BB ITr FIPEATS G EL S ) it R R 0 RS REY e

RS Dt o A shRNA e i vk > 0 fiae B tmie F AR LA IR

18



Flm i * AL PER e e F % 0 horig A = pliE(colony formation assay) 2 dE

P]3#(drug resistance assay) ~ & 7 % % [78] -

RNAIi resource Screening Readout
model

High throughput
/ Sequencing
c—— \Soore? -3 Colony sequencing
Polyclonal screen \ ShRNA Barcode
shRNA

High content
microscopy

——> Viability

Single well screen \

i=——

siRNA /

Reporter assay

esiRNA

(FIH - RNAifE g § * 9 5% 5 [77])

B W 3F 5 1% ShRNARAT § A& FI# it ch 5 4 & #F 47 hshRNAR » £
7 (vector) - %% 1 £ $4& % (transfection) s {1 * #it 5 # (lentivirus) & & shRNA 1
B 4 e 12 #ShRNAE ~ fmPe ¥ o & fmve 8 T 4 TRiE » cishRNATE 7 279 2% »
Aot E Sk s FRA TG e 5REFOREEE S FR RSV
B4R 2 Sk e 2k 7] e DNA(genomic DNA)E (7 (8 4 470 B 3 % * a3 354 g
'L 7](microarray) 2 =x €' % %_& (next-generation sequencing) s o >t ¥ 4] F 3p m e ©
# - #F TShRNAFE 7] » %ﬁ“d FREAF TR T A7 2 A TFIHA L aivr A ER
PET o Ait- HERA R AT BRI v TR A AT Y d
Wit (T RCE PR w2 B g F B 0 B TE Y 5§ 192tkshRNAR 2 54 5 1 &

wiE g .
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shRNA collection Infect cell line Incubate cells for phenotypic selection

with shRNAvirus
e
O - | Reference pool

e ‘
—— Experimental pool
- viral backbone S - genetic cell system
- micro RNA - drug treatment
embedded - cell survival
- inducible

i

Map abundance of shRNAs Hybridize barcodes to microamray Recover shRNA
identifier

i — o

g 5 . 32 i —— —— =E=

T z'f,":"

g aﬁ' - ShRNA

wii - half hairpin

Reference - barcode sequence

()1 : ShRNAE (7 & 3F 2_in 4z 5 [77])

15 F5 B 522 p i
Ml B ERCTIIY KA F A0 B AR A e LeRRt © 45 RS £
z'ﬁ'ﬁj\'ﬁﬁ" r‘]iﬁéjp‘;}g,r‘]m,f\g%ﬂ:r—}%m»kr*,}} G\'—R,Iﬁ;_'g-lir'“"r;"‘ﬁl

TP SRR R ] & § AT R A S e B4 Hiwe b

*“F?

DR A F R P ARBTS §RRARAL VAL 26 LT R ® FHT
e Rren™ 2 2 Hoaxim ARG e A sorafenibiz B fE v g4 A E - o
FDAF ™ # 30 3bfginf ehh 5 fhie # 4 V& L ¥ 2 60 B F A RS
(disease control rate, DCR) ; 2@ » gt # 4~ frs 3 H *14][70] :
L 5 pAHEBEL R B3 L > PF AR ARY (FF £95%DRF Y T 44
‘\:K’;#l]:}?ﬁ‘,‘%ﬁﬁ‘;ﬁ;%) s B OBFxs pv Ak ow AR gg;%@{@ WEH R LK o
2. it * @ FERE 0 AR &S F3F10uM
3. FrALIREN
B o ¥t>tsorafenib (v * 42 7 21 & AN FrHIMAPK:L 4, @ R [T % e v
3t E 5 H s 2Ip ) aniE * R an(off-target) #r4r3 *L > @ d >tsorafeniben
P2 Fprd G FIFTEHCNBERTRERE T TRISRLATE S RS
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(Sutent) » X @ Tk 7 1 % % FrdgoT 2c %k % dosorafenib > 5 { FeE 2B 1FF 0 F]
pLop K%sorafenibf’% maE B o e AP T 2 F4 7 R Agsorafenib2. £ & |2 o
RS IR S SERTL/ i B RS/ R § L EA T;?‘fé?] pom oA NITE KLY PpE AL
FRPHER AT B P T AFESPE e AR LI A RET o T
hF S B P B o gepr(kinase) B R Tl A R PRI
PR TR AR AR REN Y R FHE S BN A TR Y
F_¥tsorafenib & g % 42 K 7] > % vsorafenibeni® * 415 3 LiFE~ 20 2

PTG CE PR E 0 F LA KSR TR TR

AP R GRS S PRI REET L EE ] &

GG R ] B e s R (7 B 0 B H R SO R R
EEE TR R AT AK P CURES PRy TR F R

ShRNA2 5 4 & o~ B % 5 e tkHUH-T 5 St & 648 15 v 0L 7 i = 84
JORAER > EARBA S D A ) 9100mme s B ARG 0 2 (s 5B 0 e sk ehDNAE

AT RRIEE R GED LA 2 AT

é:
(\x
A
B
=
=
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2.1 2 F

s
Sk

192 shRNAs pooled lentivirus

BALB/cAnN.Cg-Foxnl,,/CrINarl mice

HuH-7 cell line

HEK 293T cell line

pLKO.1-shRNA clones
pMD.G

PCMV-ARS.91

22 REX KA

¢ L7 RNAL P § %%

R IECR

Health Science Research Resources
Bank (JCRB0403; Osaka, Japan)
American Tissue Culture Collection
(ATCC)

=
.-:Ll:‘-

47 BRNAIL P

"
[

ok

N}

P %
g BRNAL Poo F 5%
# L7 5 BRNAL e 3 %

Lo

*...

REE KRG R
Automated cell counter Bio-rad
B3 Mini gel system Thermo

BD Ultra-Fine Needle

Digital Caliper Mitutoyo
DMIL Inverted Microscope
DTX 880 Multimode Detector
Dry bath incubator
Electrophoresis Apparatus

Finnpipette Multichannel Pipetters

BD Bioscience
Shineteh

Leica

Beckman Coulter
Major science
NIHON EIDO

Thermo

23



Himac CF15R centrifuge

Hybridization incubator
Hybridization oven
Oral Feeding Needle
Pipet aid

Pipetman

Sonics

Tissue Lyser Il

Veriti Thermal Cycler

Vortex-2 Genie

2.3 fi2% 2 fkl

Hitachi

Conoco

Firstec Scientific
Shineteh

Drummond Scientific
Gilson

Vibra cell

Qiagen

Applied Biosystems

Scientific Industries

fif % g
Trypsin-EDTA Gibco

Taq polymerase Takara

A7 Bkl R %

anti-Akt Santa Cruz
anti-Syk Cell signaling
anti-GSK3- s Cell signaling
anti-actin Santa Cruz
anti-GAPDH Santa Cruz

24



= ey i

HRP conjugated 1gG anti-mouse Cell signaling
HRP conjugated IgG anti-rabbit Cell signaling
2.4 B2 iR e

5 R
Acrylamide Amresco
Agarose Amersham Bioscience
BAY 61-3606 Santa Cruz
Cremophor Sigma
Diphenyltetrazolium Bromide Sigma
DMEM Thermo
DMSO Merck

dNTP Takara
Ethidium Bromide Sigma

Fast Green Sigma

FBS Gibco

Low Molecular Weight Standards
Matrigel

PBS

Penicillin/Streptomycin
Pentobarbital

Polybrene

Puromycin

25

Amersham Bioscience
BD bioscience

Gibco

Gibco

Sigma

Sigma

Sigma



Sorafenib

LC laboratories

TB broth MO bio
TEMED Merck
Tween 20 Sigma
Urea USB
A e R
ECL-detection kit Millipore
Purelink Genomic DNA Mini Kir Invitrogen
QlAamp DNA Blood Midi Kit Qiagen
QIAquick Gel Extraction Kit Qiagne
QIAquick PCR Purification Kit Qiagne

Pierce BCA Protein Assay Kit
PureLink Genomic DNA Kit
Plasmid mini kit

Plasmid midi kit

25 kY

a. ImageQuant (GE Healthcare)

b. Matlab R2010a

c. OriginPro9

Thermo Pierce
Invitrogen
Geneaid

Geneaid



3.1 S v bR A

3.1.1 1 & A (medium)=pe ¥
@ * pL§ **Thermo= & z_hyclone DMEM32 % £ > %3 P4 §*t4°C > & * p&
Jp A oKE ) (water bath) e £ % 37°C > & 4e » 5%%: 2 1 ji-(Fetal bovine serum, FBS)

12 1%:eh #E & 4aik % (penicillin/streptomycin, PS) -

3.1.2 e eyt &

W fm e $k 0 B 4T 5 10cmz 1 % x (Tissue culture dish, Advangene™) i % ¢
37°C 5% COpriz % ¢ 22 % o m 3t %o ¥ £33 & ~ 4 A% » 210mL PBS
ks = 40 ~ 1.56mL % 0.2% EDTA~0.5% 9% 3-v fis chig % % (trypsin-EDTA) »
A37°CT In 104 48 > #-im?e 7% (trypsinization) ™ % o z_ {54 » TmLI & 2 0 B
Ak % God fE gt im e i T 0 10 1,500rpmas T 2 g3 iF 0k v oo sk bR
T 5-10mL3s & A #-lw e ik iTACE B o RBF RTE  EATARERE WL

FEAFEY A L (sub-culture) X 3w A MRFF &K -

3.1.3 ‘wmPe et #ic
PEMA O RIER BT L S R (trypan blue)iR 353 5 X4 (5> it

2+ #c % (cell counter):* & fm®z #icp o

3.2 | % % RNA(ShRNA)#7#] B & 4 7]
3.2.1 Fr#4)H - 4 72 shRNAz =
3211 Ktk %

w ¢ 4575 BaRNAIY < 8 % % BEF 474 P 45 39 2 ShRNAA %Clone ID 4 (1)
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TRCN0000196401, (2) TRCNO000003163 » 444 5 pLKO.1-puro = B i i & 4 i %80

Cz + % 4% F(E.coli) /x5 3% » 2 % FTR b P~ iR 0 %0 3§ 100pg/mL2
Ampicillingg & A4 ¢ > 5337°C LR 287 B % > 16/ FEE0 0 WikdF
FHBE T 05mmL ¥ - B B 3MLLBR F R 0 Hder bR 2
Ampicillin> M37°CRF B % o #16-] pF{s > L KR4 2100mI LB &% ¢ (7 2

03k B 2 Ampicillin) - 37°CR i %16/ B

3212 7zshRNAz ¢ & FHDNAZ% B~

WA BN P * /T
PM1 Buffer 110 mL
PM2 Buffer 110 mL
PM3 Buffer 110 mL
PEQ Buffer 130 mL
PW Buffer 360 mL
PEL Buffer 220 mL

RNase A (50 mg/mL) 200 uL

Plasmid Midi Column 25 pcs

12 Geneaid plasmid midi kitd 32 % % 22 FiR P FEERE o § LE-FR I EE
6,000g3t < 154 4% » E 42 ¢ 2L #-Plasmid midi column® *+50mL&t.< & # » 4 » 5mL
PEQ bufferi¢ 2 > 388 & 4 p Ry » #705 » g 4 2 PEQ bufferig]df - 3w = 2
4 %_P 7k o 4~ 4mbL PML buffer(f 7 RNase A) & & & FRE i o 2 18 4 » 4mL
PM2 buffer> + T i3 10=x {4 #F 8 ** 3 24 481 wmfe = 2 A% > @ {8 4 » AmL PM3
buffer 23 3£ 5% ¥ 104 » £ 146,0009>" F /§ 4204 48 o Hro {8 H-F FiRH 3
column® > EE 4 2R ¥ 2 F e FR AL (84 » 12mL PW buffer» "€ 4 5

28



R I3 “f ' 2 ts #-column#$ I Arehgg. g > T4 » 8 mL PEL buffer-4-DNA:*

F_*

KA Hs g @ o2 15 F Fcolumnit e ~ 6mL Isopropanol I g ¢ 5 R £ 355 {2
4°CT r215,000g8 304 48 o 2 {6 £ 2 *& ik o 3 0 5mL 75%FpE e s 4°C
T 1215,00004 w104 48 o oo = fs 2 ",ﬁ%j -,j.?'—;‘,”é T Az BT @DNAp Ricd 9104

i ke fs 40~ 200uL TE buffer » % ;3 7 42DNA -

3.2.1.3 shRNA# #

B A jpia s B mie (HEK 293T cell ling)ig &3t 100 22 & P > 5~ 2 jx pFee
¥ I8 7 & B4 9 4 (co-transfection) ¥ % o 4 304 453 1) pF A HE5MLATH £ 7
% 42 2 2 DMEM - & - 102 & 3 & A § & 4ug i 48 % 250uL. Maestrofection
transfection reagent - 5 £ B-pCMV-AR8.91 } 48 (¢ % 7 %8)1.8ug ~ pMD.G 7 %8 (3t &
7 12)0.2ug % pLKO.1-shRNA(7z B %A F12 shRNA) B #82ug T e ds g > 1 4e >
250uL# 7w i & 42 2 DMEM32 & AL o 2 {8 #2212 27 250ul % 7«
2 d A2 DMEMR g0 ¥ - rgdpe g 0 2 (84D 7 TR RES
3 o B fs RHRE-EBIAF S M4 » Jmre P 5 3837°C > 5% CO 2 EiE 3 & $812~18)
P L ATH Z 7 R R R A WA S48 PR T2 PR E R R

WiF0.22umim e B £ & * B FR 0 2T e RGP iR FIShRNAZ o+ -

3.2.2 #rd) 5 p &2 8 £shRNARE & =
v ¢ FIRRNAIT R % 3 E 2H 2 opa+ o B e o B &G Frdlp AR596

s jpep* (34 2L Table 3)2- 1922 shRNA » o & i # & 42409(pfu/mL) -

323 r1¢ RShRNAZ s 4 & % " e 1k
BAFpm e RE A6 A B A Y o Flee S SR Y _i'g‘-f?:}?af‘; Jl:
FHR-REAPFARER A ? 2R AL LB A ATHER R AL THE LR
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%Ak & ImL > % 4o n JLFIE 5 %5 Al polybrene © s S s F i 8 dm e 0 R R G

0.01ug/ul o B % 1524 | P B 3 S 3TH I £ A - 48 | R TR L 2 & o

33 i % i iE

d *rshRNA clone § #idnd & 2 A B> 1% Fed & puromycinéi i & 4 = o4 2.
s REER V Sl “f ARHBR A2 wre > NI FRHRERT c MR LR
WA GB5I6% o LA MimB i AR b A R A BB A A
By S Rd 22 A AGEA A A4~ 2 # puromycin - kB 5
1.25ug/mL) » 1% ¥ LA g 2 e s RIS B & AT B HATH S £
A (Fpuromycin) > FHF= % 0 = X BT L BN R B BIEFEFDRGLEFRT

v A AN M RRR TR .

3.4 A 7] DNA(genomic DNA) % B~

3.4.1 v A 72 DNAZE B~

PN F FEME
QlAamp Midi Spin columns 100
Collection tubes 100

AL Buffer 330 mL
AW1 Buffer 98 mL
AW?2 Buffer 81 mL
AE Buffer 60 mL
QIAGEN Protease 4 vials

2 QlAamp DNA Blood Midi Kitig {7 w2 fL 5] e DNAZ B~ o #-fm¥e 1L 5% 3ov fis
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M5 AR e 0 111,500rpmae 54 g E 3 r 3 & AL (S 0 £ 11500uL PBS®
7 5 ¥ % 100uL proteasete » T 15mLats F o PBSW i3 = f6 #-dmre iR b » T B
B¢ 0 f 4o~ 1.2mL AL buffer» + T Peig 35 & K150 % e 2 ¥ R R R oo 3 o
#3270°CT 3 104 480104 48154 » I mLe fR BT &R 4L BB RBF I o
2_f8 B g ATy %R A 1 QlAamp Midi column® o i B A s enlomLEE s
11185004« 34 43 o HLoo = (s 2 ’ﬁ Jaik o 4v o~ 2mL AW1 buffer » £ 124,500g3 < 1
Lk o HER 1S4 »2mL AW2 buffer » £ 2450003154 48 o @ (8 F # mik 0 &
column#$ I ATenl5mLag < ¢ » ¥ 4e »200pl= =& Z4 -k > 2 E T ESA 4B

4,500g88< 24 48 » T @5 ¥ w2 A F 2 DNA » %5 :-20°C o

3.4.2 4 3 7] w DNAK B~

E R e/
PureLink® Genomic Lysis/Binding Buffer 10 mL
PureLink® Genomic Digestion Buffer 9mL
PureLink®™ Genomic Wash Buffer 1 10 mL
PureLink™ Genomic Wash Buffer 2 7.5mL
PureLink™ Genomic Elution Buffer 10 mL
RNase A (20 mg/mL) 1 mL
Proteinase K (20 mg/mL) 1 mL

PureLinkR Spin Columns with Collection Tubes 50 each

PureLink® Collection Tubes (2.0 mL) 100

" 11 PureLink Genomic DNA

d F B e SRR REF Y X
Kitig 7 #s 4 2o 5% 2 5] e DNAZ B o F £ B~ 0.3mgz f 47 i 5 o 2 » e d 4 3
P ERiE P 55 CAe 54 A0 2 15 e Mo r 2mLds o o 4e ~ - B fE5mm
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2 MR o 3000 e e s (Tissue lyser 11,Qiagen) & i #-fe s 32 1 1+ (7.5 15Hz » 20
o mill - 22 =) e @RI = 218 40 » 180pL PureLink Genomic Digestion
Bufferrz 2 20uL Proteinase K » £ »M-KigH ¥ BT A5, 48 c 2 £ 3™ 14
145,000rpmag = 34 &b » 3 #- 1 iR A 3 SR FlE S E dpee g 70 4o » 20l RNase
A>3 R ELCFE T E2L, 48 0 2 184 » 200ul PureLink Genomic Lysis/Binding
Buffer » Pi 4% iR £355 » 8L 4 »200uL B kR 2 8 » R LR &£395 > 3
Bk e B 2 o

5 DNAGES 22259 3¢ > 7 & #-PureLink Spin Columnzz ® »+ Collection
Tube® » T H-3 b b FP-1F 2 R e ~ B ALY 0 A g IR T 121 10,000g4 - 1

PgBe2 (5 FE P TIMZcE o F BT Y - A F o 4e » 500pL Wash buffer

~

1> # 4 %78 ™ 210,0009% <14 48 - & 3 ik > £ 4 » 500uL Wash buffer 2 » %
B T r2145,000rpm s 34 48 o

B {4 5 DNAJ 3% 35 28 > #-spin columz » — A7Te01E5mLACE g F @ 0 4o »
200uL PureLink Genomic Elution Buffer » ** % 8 T # ¥ 14 45 > £ 12145,000rpmat

wla 40 TR F I g s 2. & %2 DNA » %333+-20°C

3.5 B f&# {& (xenograft)# 4~ ;¢

35.1 ‘mre e » B

EBOR S R RS2 R et % 30225 om ?y2 % 5g(T-225 flask, corning)
F4nd F GE A 4% T e F(stable pool) > Fimie 2 £ 34 FE S R R
§RERE AT A ARt e o B AR R A UPBSH R i lme
33 B3 PBSA R ¢ 0 & 2 X 10%47 fm 2z 11 50uL PBSi* e 3 2 3 e B dru ¢
¥ b Bk R OCR R 9 (matrigel) 12 & g 50ul s K I Ar R e g 0 BTk o mA
P B 2t MR INA o
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352 F b4

rAY 2 F &b P EE &% 5 BALB/CANN.Cg-Foxnl,,/CriNarlz_ -] €108 » 4
P L XL an R T e a 7 €5 AR TF & i ¢ RS
PR MR RS (TARER) RIRSR RS Y s AR R EL O F R B

#OSSPRR 0 R T ik 0 FR KRS RIER (5 (283 )B4 T F &

3.5.3 JrfE s A T L
R St o) B E SR -t =l L (pentobarbital) v 70mg/kg 2 & £ i
FHid st B BRI BEFF L ATRRE o & &) Rerin
Shimre AR TR £ 4 2 REAE 5 100pL > XS E AL RL S A R AT 0 1%
FETRR LN N RFEA S > A S Bcw H P % 5 FEX LR

o) BUR R 0 91T 2% fsrsaf 4 o

354 g | ZRE EARES

R R S R EE R RS ot saX (S)Z’a:% R CE T
bisimE  Hiimmo & pegrdmg ] o o] R4 £ 1100mme i
Tian LR keaERE BB g &y o

AR B LR R R 2 B L osorafenib > e B pF o 2L Hé-cremophor

BRHaRe LR E > 2 18P if Esorafenibis & T 4e » IR & A A Y 0 K

N

B 5 20ugiL s #iB 1R 15 i FRAR IR+ R AR A L Spglul - SR
vLA A 0 B sk e P ek ) fe Bl = = 2_sorafenib o A £ 2 30mg/kg/day(d /] EE - X 2

EAEE PARSHA) FAREGE LB R & B ol g -

Ao FARFENAGHTERERITEY R Rag&a P L EHRGD
prfdl o & P IORIEFEBEMAE ] RHE X edkd B LR FHR

JHRPREARMAA - T )RV EEES



355 F ok b g 40 A A A

" g fa % v (cervical dislocation) § (7 F Sk de b % B o FrIL ] B 18 0 Y

el By G hR ARV B SRR L F A R AR INA 5 s B

A B PR TR - -

zmr

U Ry ﬁi]’?“‘ » TR

36 F & FMF i o A SRR BB L i

3.6.1 R & pssadi 5 i (Polymerase chain reaction, PCR)

md dme 2 e a2 f e DNAG W 0 874 ZPCRF o - % 5

%‘if&l}ﬂ“ia ﬂri“b"}s shRNA % 3}'&&}’5.‘4 Zl,,_\"]m”.ﬁ,a‘;c—: s o ’}"%ﬁirs /k}i‘ﬁf”xl‘ ﬁé‘

Bt & - 5T e M0 R 43 600uLie (FPCRF & 0 & £ iR 2 PCRiE

LI

Step 1 — Target/Puro Enrichment

gDNA 0.4 ug (A7 e 18k & A 2 8 H)
Forward primer (100 uM) 1 pL

Reverse primer (100 uM) 1 uL

10X ExTaq Buffuer 10 pL

dNTP Mixtrue 8 uL

Ex-Taq 0.5 uL

DMSO 5uL

ddw 54.5 pL

Total 100 uL X 6 = 600 pL
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//1- /,_l_ .
); }‘E%l'/-k = .

15 cycles
94°C 94°C
72°C 72°C
Smins | 30 secs .
55°C /1.5 mins | 10 mins
30 secs
4°C
End

51+ (primer) & 71 © (Table 1)
Forward: 5’-TTCACCGAGGGCCTATTTCCCATG-3’

Reverse: 5’-CGTGAGGAAGAGTTCTTGCAGCTC-3’

FRER S “Lr;ﬂé_#ﬂ;/%‘f*ﬁ””; % = XPCRF Rz fiiF

Step2 — Full-hairpin Library Generation

% - =X PCRF & s #% - == PCR ¥ &6 2 DNA ¥ % 47 » B 5 #F 5 shRNA

2R Bk 0 F RS A+ ] 5 180bps

Target enriched template 3uL

Forward primer (7.5 uM) S5uL

Reverse primer (7.5 uM) 5uL

10X Ex Taq Buffuer 10 uL

dNTP Mixture 8 uL

Ex Taq 1uL

ddw 68 L

Total 100 uL X 6 = 600 pL

Target enriched template & % — =t PCR{$ ik %52 DNA » & Ji i #* 4o7F
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30 cycles

94°C 94°C

72°C
30 secs .
55°C / 1 min

30 secs

72°C

5 mins

10 mins

4°C
End

515 B 7] ¢ (Table 1)
Forward: 5’- AATGGACTATCATATGCTTACCGT-3’

Reverse: 5’- TGTGGATGAATACTGCCATTTGTCTCGAGGTC-3’

3.6.2PCRA + k%7 (PCR Purification)

N R/
QIAquick Spin Columns 250

PB Buffer 150 mL
PE Buffer 55 mL
Collection Tubes (2mL) 250

A7 g @& * QIAquick PCR Purification Kit #- PCR ¥ Jis = 2 & 138 {7 )k 5
v o LWPCRFE 515 2.600pL A 478 & - 15mLagrs § ¢ > f4e » T B A
(3,000pL)2 PB buffer - 2 is 2~ = ¢ Qiagen MinElute Column » *+& ¢ ¢ A& %4 »
600uL;R fodF {8 e3> 121 145,000rpmig . 1o 48 1 F 3 Jpik > B3 R 2302 %
T A A o 2 {5 A F ¢ 40 750l PE bufferie (7% & > 1 12 145,000rpmat . 1
A TR RREE O3S 4 o B dcolumnE T FCE kR ae F Y > & F
dv ~ 10pLSG = [ 1e ehs =k 4 K 2t 3R T F 5 1448 0 £ 12145,000rpma s 14

BT EIRMES Ay o H33-20°C e
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3.6.3 WA 1w g

3.6.3.1 #4873 A (Electrophoresis)
B A R2%F E A o =P~ 1290 % ¥ (agarose gel)¥t4aAjHg ¢ X 4o » 60mML
0.5X TAE buffer (0.02 M Tris-acetate, 0.001 M EDTA, pH8.0) » i 1% 34 45 i¢ " 44
RDAEER R o {84 » L.2ul Ethidium Bromidei #8 v st & b kT § 4
Z S HRB R R IZE A B AR AH Y IR o FERBMAT
FORRL A RS o BT AR ¢ |~ 05X TAE buffer » & 22 %48 » T 441
B R B B 5160 2FRA 0 € HEEAL A 2 G Y 0 F 7 - 42 5 DNA
marker (Qiagen) » & S markerszix ~ # > F R AN FXE T RAEREFRE

Bei AR A > TR 100V > pFRF 904 4

3.6.3.2 it w iz (Gel extraction)

BN FEMRE
QIAquick Spin Columns 250

QG Buffer 500 mL
PB Buffer 150 mL
PE Buffer 100 mL
Collection Tubes (2mL) 250

£ 4 #-12 QIAquick Gel Extraction Kitie FDNAM (* w iz o & F A a2 {8 » 7 B
A B IRARE B YUV S b UV R BB St $FBEmarker = B 0 #4520 180bps
e (band) > T o @ BHE L M R F WS o 2 887 G i JtDNAZ
AR MR Ao F o S 3B AEAR 2 QG buffer (2 4% MR E £3F A MAE 0 v
4o} 48 £300mg » B 4c » 900uL QG buffer) » fgzip # @ 55 °Ce #1154 45 > 55
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Lga P e b Bt R AR Y R DAY A R Y 0 B4 % 4 2 Spin Column® s
12145,000rpma .o 14 48 T 3 f,}ﬁ,,z o m {4 » 500uL PB buffer » w4 & B g1
Lk oo 4 ~750uL PE buffer » gtwls 46 » S d 8 pubids 2 “,f;‘f,éi& o P fé
Mo A H I ATOMCE fos 7 o4 2 30U 1S S S EATROTRIRT R R3S A

R Hpw3ids > T IR S 52 DNA BIEER T % 1530-20°C o

3.7 =+ %A (Next-generation sequencing, NGS) % % % 4 47

371 v A
PRSI R A AR FERE - LR Y 2 FDONARE > AR
# @ ShRNAZ 3 15 B 7|3 T 42> &4 * | 5180bps; 2 14 #4% %4 R F "%
ARPERGT AP RATE S LAP G L 51920 ShRNAR % 2 e S

FlleDNA > 1 2 565 3 i T3 F k2 S HR e e LT 2 DNAL 10/

A

3.7.2 TR ST Y Bt A 45

P AT ARFEATRAIZAN > X T AR A o B s L
Matlab#t 4 5235 % — ShRNAR 7| & — AP S22 5 - AP #0435
2_ShRNAA 7] i ¥ -

ES p . R hRNA read
r}’-:% /\ M-FE""H:%:; ’A‘ShRNAﬁ?‘)’leljggfl_ :_'I&g{’jg)‘—'ﬂvs reas’

Total reads
¥ & BShRNA clone &2k &~ ¢ ibefnt ] o
FEFRA LN S e A 2 AR e A B B e ve 2L Bl DNA(PO) ¢ it

- ShRNAreads , shRNA reads in PO

bl R /

Total reads

7w B E BshRNAE 7| e 2 A ® > Gh e

Total reads in PO
FEts o Bl plfeimre dpit gt > Fou Bl 4 0 7 18- 192X102 4B o

% e Wi Pl E L2 A 2 & 4 7 (Principal Component Analysis, PCA)2 Gi PR
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FHRLE) RER AT REAARRALR A F O L EHEFT K2R
* (4p B 1% o) 1L T-teste 5 18 7 st & 47 0 32 B p-value » 17 2 ShRNAF & &7

Sk YRz BHcL R oo

3.8 v FA IR
38.1 WA
3.8.1.1 o lme 4 ja517 dov T

mEN R AL A LI ARBMU IR TIBde o g ARBIAH f
MPBSF e RS Ko 2 18 4 » fmve 3 f# 7% (lysis buffer, 6M urea)600ul > T 34w 22 51| B~ >
BB g 2 AR A RTET > w2 > 0 £ 2145,000 rpm

WATCHL 2044 0 Bo P i s B9 0 R0330-20°C e

3.8.1.2 o AT P v T

f L 1 PBS e et o B e d o 3P 100mg B AR P 2 18 4 2
BF AR o R AR AR A ¢ 0 4 e 277 300uL
YA R T B Bt 11 145,000 rpm 3t 4T Cag e 204 40 B0t b i T G e o

445-20°C o

3.8.2 3¢ k& # 2 (BCA Protein Assay)
r1Pierce BCA Protein Assay Kiti& {7 3-v F k& €& > #BSAkv &% & R
5‘1%‘%’% v 284 » AR Z BRIR ok > 237 CHF 32 304 4518 Rl ki@ > d £ F

MPE R0 PR -

3.83 = = 4R AR AT A A 45 (SDS-PAGE)

3 BT g g3 (mini gel: 10X10.52 & )ik i® > 1= = Z AR KBRS Hiis 0 1
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W AL R (12X15X0.1 2 &) 1F G R R i (spacer) o 48 & & g Iy o] o okt
EE D 2R o RIET ARFALREEDAR BiRfrCRrREEFUMAT > f

¥ 4 37 88 (separating gel) % & £ %} %8 (stacking gel) :

A% 1 30% acrylamide, 0.8%N,N’-methylene-bis-acrylamide
B;z : 1.5M Tris-HCI, pH8.8 £ firiz 2 0.4% SDS/% /%

C/#% : 0.5M Tris-HCI, pH6.8 * =% % 0.4% SDS/% %

23] i 39 48 (10%) s A4 94
Ak 2.7 mL 0.3 mL
Bz 2.0mL —
Cir 0.5mL
ddH,0 3.4mL 1.2mL
TEMED SuL SuL
10% APS 55 uL 10puL

F AR BB R £ Y 4o 2 A ~Big ~ - % 547k ~TEMEDZ 10%

APS » iR {ria ] {5 > Wik HR i s I ER Y TIETHRN20 A o B AFES

e TEEOPMT R o TR THE FAMYMEAYS T H 2180 T

29 BE R
BEpUMARM I RRY &4 r ARCik~Z = Z4 K -TEMED% 10% APS-

BAe=z 3 18> L@ BJF R~ © RFS B2 Lo T 4E o~ ¢ fi(comb) A = 4k

et

oo TETHEEERAPHRAC > PIRT CF FFL Fd PRS-
#-Foo B &S~ B AR 22X sample buffer (0.5M Tris-HCI ph6.8, 10% SDS,
50% glycerol, B-mercaptoethanol, trace bromophenol blue) » 3~100°C4c #1154 4& - #-
SRR P[P ERBELEE > AP UBAFATTRTALE L G 0D
-G LK TR ANER T AY B (25mM Tris, 250mM glycine, 0.1%
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SDS, pHB8.3)T Atk & ¥ 4v » d@ e 2 Fov TS o TAH L B f &> Tk
Bol FATHF PRI ELIRTREFTA 2 AT R ALELISOV o &Fip 5

MBI ARG > BUEE 0 2R

3.84 & = & gL;x (Western blotting)

TRELEYM PR KB- L ’Tr- #-(PVDF membrane) » r2100% *© f&
=B RRERo-C ~1’fﬁ’-‘s‘i@ Jo Reppn R S B g AR R R
£r % fbeite (10mM CAPS, 10% MeOH, pH11.0)® od T @ 1 A i T & 7 L R4t ¥
(1) =z %Rzie @R R~ (2) Bih= & 2 %9 Q) ~4%u - 1z (4)
Yoz skize @ apl > HFEAY BRELAL R RH-L L
FHRI BB E R IR VR PEF TR TREPEFR LR R
AT T IR A ] R AR A L F TS 0BT 1IE L

TR

-~

\Va\
V¥

TR ZAL ez £8P0 = & ¢ %% L 2 Fast green(Fast green, Acetic
acid, Ethanol (95%), Distilled water) & #[i& (7 4 ¢ /@& d-v fEErsaf 2 =% > L 427
Rim=- 4 ¢ TJF 7Rl R o

—

il = & o TS 0 11100%7 BRI R LS £ ¢ G 8

£ g FEA S

ek

BRI FARORIE MR- S fs o #H i A g $ 5% A b s TN 7% 0% (0.15M
NaCl, 20mMTris-HCI, ph7.5)® - ** % 3 5% - -] pFi& 738 % 17 * (blocking) - 4~ &
L 7 5 1%% fg ks cnTNT 4 #9% % (0.15M NaCl, 0.5%Tween-20, 20mM
Tris-HCI, pH7.5) ki % #-f8 - #a82* ] © anti-Syk(1:500) ~ anti-GAPDH(1:1000) -
anti-actin(1:10000) - @ E EA 7R {6 » F A mF AR > T4 CTH R E R
BIMEEI b PR GG B L o JE X FR A I F R T U TNT S 675 R BB ik
Sk o B 0 E 104 d e s 1§ A% g s e TNTE B G Bl R
ol b r BRI FETHELPFRESEF o 2 {8 3 sl

% UTNTEE 7 % B BT = & & %9060 » # 0104 48 1 18 11 TN 973
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B ESL b5 o

BRRFES F o BE R & F S eaTNE e > X 2 1 i5g
teif B £ 575 i (Western Lightning Plus-ECL)e & Jis 14 4815 » #- 5 452 [ in iRk i
FRW= & FE g £ (cassette)? o 3 AT EF < o] Xk & F (Fujifilm)ig 7

JRE oz fsd-R 5 Ao~ BE Btk (developer)® B ORIV ORBEMER B0 MOKGEE{S B T r
s

T 8.7% (fixer)® » 2 o

B E RSP kMR B ok p R D SR T

¥oobo kG #rd 16 0 7 02Image Quant gk # 8 v cdp A E -

39 Mm% 4 a4 FE% (MTT Assay)

MTT(3-(4,5-cimethylthiazol-2-yl)-2,5-diphenyl tetrazolium bromide) = - f& % ¢
e o BERIRIARBRES e LR FIRMTTY 828 35 A0F mre
AL ga? cnyiaa i 4 fF(Succinate dehydrogenase) frim#e ¢ % C(Cytochrome
C)ie* » A4 FH & ind o Bhid X F W Emeefcp F 100 > Fp v

BICEE S R ip RIS cm R B AriE e e o AT MTT assay ™ § (Fiwbe i3 s

3.9.1 MTT reagent fiz @
#-100mgMTTs#s % * 20mLPBS & /% fiz = 5mg/mL 2 reagent » #-# 120.22um
filteri§ jp 2 16 » #k A K H W E-20°CH * @ * 5 £ % PBSH#-k & 1% 5

2.5mg/mL -

3.9.2 wmrz i H
¥ ¥ %2 & ¢ HShRNAzZ [&}}%% R 418 enfm e ritrypsinty T oo 3h B e fiofs T
sof6 ~ 96-wells: % = > 1500/well » & BwellkE4# 5 100uL » 5 % ¥ i (7 2 4 g

REFTAEL MF
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3.9.3 sorafenib

- % fE~96-wellsz & = 2 fm¥e > % = = 4 » sorafenib# 4 &g® > Jk & 5 O0pM,
0.1uM, 1uM, 2uM, 5uM, 8uM, 10uM, 20uM > H#-Z = fie 3032 % K ¢ 48 4% 5 100uL
soor wellts i€ 3884 5 200ul 5 # Fe P55 4e ~ Frd ] #IBAY 61-3606 » R #-Fr] &) &

22 o3 chsorafenibi® & 0 kR S50NM 5 B e~ (8= X W ORI -

3.04 4 E o MiEs%
Bro-wells Fw 2 mie s 3d % - B3 pAdRET L ERPglL S 2
shRNA(Mock) » ¥ - % 5 12 :}?r,-fr B % e BE 3 #rdISykic # 22 ShRNA » #& e fe — 4
L fE15Bwell ~ = faw 4 > 457 Day0x: Day3 - Fg % 7 id jp|Day02. &1 5 H 4%
fe % 12 sorafenib A2 » & & 2 O0uM, 1uM, 5uM, 8uM, 10uM » & = £4F » 2 {58 & % jp)

S EFZ R R RERERAIPES Bt il o

3.95 e 3 EF AT

Weim s 32 % fhox 4 150uL £ 3t & fwell? e » 50ul MTT reagent (2.5mg/mL) »
37°Cwrk F 2] PS> s F ik o 4v » 100ul DMSO#-% & & 48w 3 > 154 45
2 if B]ODsgs NMER 3 (6 o w3 % & 1 4L %078 e P )% fh b PR ELT X7
Ehok R AR EH R kB A TH > TS EABR R B2 £ R

e ¥ B8 P ESRERE FFES > 7 1% Origin Pro 9¢* #8838 ICso i

ki
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rr g B
4.1 1™ B 845 fi(xenograft)ds i+ H3C 18 7 1 pE P T 4 6 E
% A-¥96 1 v (Kinase) it {7 & iF (Table 3)> 5 i& {7 4+ &iE - § £ 12 & {192
2 ShRNAR sl 7 % B % 4 m#e JRHUH-7 > & rgnd £ G873 (0 7§ Bt £
EVEE! ﬁz;\ 44;4% P TR (SR L TS N RS R RAL T
108 » PP 53— L mie B AT eDNA > 1 iT 5 ¥R * o
SRyt 223 B (S B A) X A g S ) 2 & 2100mmi s o B e
fFole s HREAG (- A3 R) 0 F A& e5L 4 B F A3 A % sorafenib
T pplE ) B E s < ] 31K 18 IR < ) IR P A £ EE(Fig.l) o 2

R B0 R A R %

EA

4.2 r=o4 % 2R (Next-generation sequencing) 53t = 2 & 45 ¥ pE 2 i+ 3 & 5
2 %

d ;&Jﬁai B4 Z2 HUH-7Tm% 2 ] & ’?ﬁ%féﬂ%“« ¢ X B A T e DNA >
iE 7 =0 B & prsddy (polymerase chain reaction, PCR)F Ji » % — =t ad 2 Fle ¥
A F FShRNAR B2 it 22 P M EMFF B S 817 % =
ZPCRF J& » #7F 5 SARNAR 2. & 71| # B3z~ > 2 47~ -] ¥)180bps » + 103 & &
SRR T w T is ) R H JE R % 280/260~260/230%x k B - H Jk B T 5 5 200 ng/ul
280/260%3 5k @39+ 1.8 ~ 260/2307% k @+ 3017 » Bom & T 5 &% (Table 4) -

it 2 DNAR S LR T REAFFAHR G A Pivad 2k

@ {5 12 Matlab#ic %8 (R2010a%< A )4 47 T A % % o 7 L3-8 L SshRNAR 7|+ & & 5.7
IR Zo =K B E A 3] =% di(reads) 0 T AR f 7 w# BshRNAR 7| & &t &-¢ Aoz vt
b o 2 15 gt 1 BT R ) B e d 20k BIRtE o 0 T 4 B 15 32ShRNA
B3]zt ] % 1 (Table 5) -

BN R RRE RN R FFRAIMIEN S S RAEAT AT
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PeiE D B4 2y e f £ * 4 & 4 4 37 (Principal component analysis, PCA)
= ",ﬁz BN A d R EZ F N LE D32 & (controll~3,
treatment3~5) . Student T-testi& 7 x5+ 4 47 > I &3 Jip-value ] *20.15 (90% ¥f %
) £ 3 A F# & ot iE 2 (Table2) » ¥ #F 4 3-8 ShRNAR 7] 58 3 9 5 (5 4 B o
27 B b b en A (treatment/control) o 3 FLSyK ez 8t Bild & 0 Fpt o fs E H

2 s

it biefik e fiw (Spleen tyrosine kinase, Syk)ig {7 i& - # & 47 o

43 171G 2 LBLE G B E b b R 5 6

o H AL R ORTS AP LT SRR HRELT B
%18 712 ShRNAGE 8 306 4 B ABH - Ko Gyt vf 7 E R SYKE 1747 % S o
JPEFHRT S EF 2 FUGSK3-PIR e (TR o A BB B R R G e 4
B BB PBRE TR 7 AT o R T B (S B R e R e R e sk e
FrE S B EE B R s AR o d A47i % ¥ 4o Syker GSK3-BeishRNA &
LA R e ¥4 m e (Table5)r @ 10 F = BBLE SR E S A F R E0 ARE 0P

SR B D A MBE RS R RGE LSNP E(Fig2) -

4.4 120 &« RNA(ShRNA)Fr$| 4 fit ips jichs (SyK) 2 4 F14 30

BB HE R TR R Y SYKL Pl L E et B AT R
B2 5 &sorafenib AU 14§ mie 55 2 B AP E & 2 sShRNAFr $1HUH-7 4w
¢ SYkA Flend o 8 ¢ L 7 IRRNAIP w F s 3 ch e TR E » AP EHE 2
EShRNAR 5] > F £ 41Syk ik F o #4 jh chpjthas & ~ %X 5B 2 6 i)
Fw e Ko B F e o 3R fd R EE 8 PR LA RshSykehim e o ¥ T
Brlmte Fov o 00 S K BRE SR EIC ] RS 0 B 5% B o drd] v 2 ShRNAZR
v 3 B SshRNA'Y st #r#41Syk 4 (Fig.3A) o e PF > 24 i - 3 #F 49 & 2 ImageQuant

ol T E o 52 d) e (Mock)ep 4 4 F-9 GAPDH ¥ A i (normalization){s » # 31
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‘2 ShRNA$FSYK & Fldr | e & i 2 R £ fio] ~ »e 5 R 30 Frdilae 4 & 1)

70%:r2 + (Fig.3B) » F]yt iE #% pt — shRNAE {7 {5 F 7 %% -

45 rimre 4 a4 B (MTT assay)s # . & sorafenib 34| Syk 7k F 43+ fm ¥e
Pho B

7 ShRNA >+ Syk £ Fendr 41 s % {8 » 2 9 4] * shRNA i@ "3 'm %2 $&
HUuH-7 7 enSyk s F)1 £ | Frd] » b s B 4 w2 4 3 £ Tk frd)rc sk 2
SshRNA » % % ¥ P (Mock) » #-p 4 % tnlme fr PFiE (7 mfe 4 5 4 Rk o & 6l

7 Ik B ersorafenib & 4 pg® e > 1B SR R OuMenimre LR e S EiS R £

Ji

X Z XS HRIMTTRE - BT > foiR et > FrFISykA Flanlmre > 4
sorafenibeaz g 1248 % > £ T adpF nE SRR T 0 SYKE DlFrdcnimie FE ST
o “(Fig.4) - ¥ ¢t > # i 2 Origin Pro 9t 483+ 8 & 2 fw #2 e950%4r 4]
kB (ICs0) » A W % 6.7uM(%H P8 ) 2 4.0uM(F 2% &) » T *% 40% > & 57 #r4|Sykis
¥ i sorafenib# 7 wmre B @ mre iniF 2 4 K e 4 F A o

M & - 0 fEsorafenib¥ Syk A& FI X drdl s i Fapmre 4 £ 2 L Aprag
Fhmre A £ R AUP| o R -mie 4 A 4R 2 (Mock) e F Bk e (shSyk) o 1zt
ehim Pz i ~ 96-wellss % 4 > 7 12 % ek & sorafenib i@ fm#e > B T4 # 5 (day0)
4 2 (5 = % (daylZ day3)im e cPMTTiE 1 o S % BT > fh s EenfFa;T o
iz th P SYKAR FIR DIrd 2 R X a2 B A A7 B IER DES LS
T F SYKA Tl Frdl 2w > WP licE L PR TR Y UELHER A
SuMP B 5 &g ¥ (Fig.5) » &2 4 pe leqp vt » X7 142600 » 4 71 § wm?e @ ehSykzk FI4k
#rlis > SuMersorafenibir § i BALRKLIBEFLE oAk Mvsorafenib¥t
95 4 A Vg hw P2 FRHUH-7 5950%3r 4] )k B -
A & AR FISYKA FIPF € & HuH-7 ' %2 $sorafenibac g &+ 2 » s d %

4w e $HE T - faSykendrilH| - BAY 61-3603[79] - & 5 - fE4-$Sykend - v
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FE > FRER I TELT O BLAEFFIRTRE S o w5 4 R
ERET o B FFIAER S50NMPE > ¥ i HuH-7 % %2 %fsorafenib dag g ¢4+ 2
(Fig.6) » © A5UMPEeZ B+ > @ gt &% 4 22 9% sShRNA$r 3 HUH-7 fm % Syk 7

5% 8 B or P4 SykA Fl >t sorafeniby e P 2 iE* gm g BLAR o
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A5 >

I ¥

L SR A SR SR ALY A

—
&
=
i
—=%
3

(%
G
®

P ow v - TR R Ee 2 4 sorafenib it s PERX B A 4 FEE I F) R A RS AR

PR EFPBPESEGE  FHE A Er s A S ik o

5.1 8§ v 2 7
5.1.1 F § g 4

e (Kinase)*s 4 AR 35 5 2 LR 0 HURE R PR E S o Hhd B 2
o T ST R o T ISR L T RE e 38 TR AT LR

AN

BRI ESHEY B TN AE L F AE RGP HEH L D

EE DR A S G R B - B PER R

WF BRE I od AR Y AE e L p oo sorafenib it MR s BE AT G T2 5
FR(hem 2 1597 ) b g fr i Bt ado e oY R Y - AR 0 4 gk oL m
T ATIR S 0 FR dw te FRHUH-T A & 2 g g g PR e dp ot P AT NS [80] 0 B P 4
sorafenib & g % 2 L F|R| § 4 6 iE O i(ﬂw/ru.; » F B R M AT T
LRFD k) SRR > AT UShRNAFPH] T #TE 22 PR AT £ A F
PR IL i R S ) DI R g B0 45 o G E 0 P ShRNAGE i@ £ £ [
SR TR - H A

T ReE ke wmrieSlpd B A0 @ ATL IR L HRE

SR A L 2 K AR(Fig )L b e T 2 HUHT 0 e (2 e F) 9 i

o

RARBD A KFEREF FE RS2 A HUH-T w5 2
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513 /] &ikp

WP R KGR > AAHREE T RS Hikp Y 2T & 3pH RS 10
BB ST A KA R AT BT ] BN T AR 2R o
BT o 29 - L) RIEAL DR EREEES S EF OB ERIEY

LT g Rl g REH ) KRB - R G RS

~=h
&g

R ERH B ] QgL o) 4 £ T 100mmPpE s i A58 2 g e T i mm
AR R HRESERS ) RRERS  Fr AR HRE L R P
¥ s A PE(42i82000mm®) > T B RE RS A L ERAETE R

ETREREDNT REF T AR R AT REA PRS- 0

x\‘\

I{ﬂ

i3

(w

EER
FREAT SRR AARF AN PR P L AR S R AL
- T ARFR AR SR R E e F b p G

i)-

B ERE Ar UL PR PR G A TR B - RERE I EE

k2l 2

wULET R ;‘xr‘n g‘ o

5.1.4 DNAJ&* 5| (DNA microarray) £ =x £' % Z_ (next-generation sequencing) 2. #
JERL 28

DNAMCHE 7| % s AFIREE 2 ¥ % 122 — > H R i+ T g/
Yrpadr &-(probe) v 3 R RABL AT AR I AP HFF L 0 XBIRES S I A
DNA (complementary DNA, cDNA) - # 42 5 £ d e ¥ I BRNA - 5 F 4 iv*
A5 CDNA » T 12 k2 (e > 3t fy 7 B 7 fe < % (hybridization) » 22 45 453 4F
PR E T L Y o 2tk d AF JEercDNA Y T E B A FARE ¥

b A R T CDNAT T I R R % iE 2 AL L B[8LEK] -
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Sample Preparation
Construction of Data Analysis
Microarrays Biological Sample 1 Biological Sample 2

(eg. treated) (eg. control) I

DNA Ciones

Composed Image

® Up-regulated
Equal expressed
® Down-regulated
~ ~ N
A Cy5
PCR Amplification &
Purification
Cy3- Cys-
1 dCTP ~ZA cDNA ~Z%_dCTP TIFF Images
™ e
s g Laser 1 . Laser2
\ / (532 nm) - (635 nm)
" / — _,gﬁ'- }’F‘,py — RS 3’3‘ }'s':/
Robotic Printing Hybridisation Scanning

[BIK : DNACE 7] 42 5 81]
oA HEY umunas @2 & R A RBEFHRSEASIT 5 A B(FR
DNAZ %7 % 200-500 bper] % gL 0303 25 F 5 5 7 (adaptor) » #-2 3% F 4%

BAEEZTRAFL S B &0 % 7 IHERAE S DS ms@?l% VR E PR

44 F e (bridge PCR):E 3ty » 42 F B » 27 rdk A ™ Hhie s v # f%’de/}
Fehd P EM SR RS e @’W%%ﬁﬁ%\$Wﬁﬁﬁﬁm’

REH A R R AR RN T AR T AR 2 2

DNAF #([82 » BIL]

BDNAMCE 74Pt > R N B 2L
FARFIER SRR T T A 0 A ML SRR 2 ¢ drchll FlE R 5
R R F

2. MEERT & F AR G LI RS P e BIIRL &
PER Bl I 3y = 52

3. AT E - de A A AL I HNT SR R RIZ o G kRIp A T PEA

FEF P o
4, HHZ RERM > 2 RS F FELE Y RL[83] -
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AP A TERERY IR TR T AL T U ERETER

ot FE crshRNAE. 71 % - -3 o

L2327
A o BB BT i
DNA P i/ ! '/ g i
! L,_\ l i g\ i :
2 —_— 4 S — — *
\ T B
g Wiz B
un s i : |
L ! | 1 | { ot .I lI |
[ 39527 N |:Hlll : l1|‘||”I| ||/ 3 'x ’|||I :
¢i’ 1 S I vy
1 || 1||| m ‘ |I|
C l“ p
. L
:.:‘ }‘:-/ . . ’ G . _—
, S - - -»G -> —» GCTGA...
Nl ©0 %0 %00 “00%c :

Wk

[BIL : Hluminaz_ & #5242 ; 82]

5.15 it o 47
F bR BRI TR B AR 2 1‘%:.’1’1% JepF eh > & 5 2 gk i ¥ (phosphatase) ~ # 4
]+ (transcription factor) ~ ‘w2 %% (cytokine) % 21321 £ ¥] » i d >+ % ~ Fic £
P Bk b dUIRAE M s (random effect) > R TPShRNAGE & % ib 3 2L 25 46 v 15 2
% 0om HWFH @ FlEd 2 5 shRNAG B8 ¥ R4 > > KRB o
RV A S EER R P T A PE - hEsk 2 PR FIRF > piE(p-value) F
£ ¥ ¢H 4 1t (false discover rate, FDR)[84] » i o v+ 4= F & & £ it (i~ » F ik
AT o PRI IE R AT 0 FRE R ATV A EART AR T
ﬁ;;$¢ﬁ§mgﬂ&§,@&$z@%+,ﬁﬁ%*?%@ﬁﬂ%izﬁﬁ

s 0 ® p-valuez ¥ FHREALY B E 2 ARRE P ARET s 4T
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A==

S o Fgt o AT AR R AR iE 7 6T

[
i
"
ok
&

Y
mi‘:\
(w

[l
A
TS
A

P B f8 E OB S (T 5 AT T hEFE R G o

BTN 0§ AUPCAS T e p LR S A i REST
v x4 %3‘9&# MR E R & zZp-value o Bfs A U3k AT
Student T-testi& &4 47 o d W HcBE Fd et > BEHE FF%FTI190% X ITET
p-value-]- **0.14 (3L # £ # p-value |- >+0.052:0.01) > I+ p= PEREBLIFL LT
(Table 2) - # ¢ > Syk#z Xp-valuedic = (%0.06 > % 2 0.055 &R AB R) > e H
B HF s REFE > F L RS ERSYKEFE- H AT KA o d 2 Wk
A EZRETFHROLSFE FARTFETHRARKETH A ALY
FREFHINEF 2 ARSe
5.2 Pi-pevepi gcpe (Spleen tyrosine Kinase, Syk) 2. # it

JFart 1991 &0 p A LE pd g8 cDNA ¢ 4 3l Syko H S8 F-¢ (encoding

S g [79] - Syk 84 ¥

Wi

protein) 7 — f 2L 88 A it & phiepr > AR B L
MR R AWML w0 R T E RPFIRE A KLY F BE AR

BRI o SYK T AL A 2 A ARM 0 A T SR A D AP > A s

#

BATE R Syk 2 LR M S R AR M o B SYK T i 5 - A
mﬂﬁ}?”:fm# r4]—+ s ¥ ¢k "F?EH‘;L""T],( Syk Z P -f};—_%} *ﬂi‘mg&#ﬁ , I}‘]ﬂ.b Syk mﬁjz‘*

4 ARETE & [85] -

5.2.1 Syk enig H &1 7 ay
Cipimre e Syk A FI St H O BLA S A 0 @ Syk v ¢ 5 629 B A A
3§ 5 72kDa - Syk frim®e @ chrd g A & £ 45
(1) Frdlimre cha Bl 8 4 @
(2) #tim¥e B 45 (migration) § b 4 17 *
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(3) B B H L e F|F ch
(8) Fr4] "6 R fnve A & W R gy 4
(5) 2 Fimre cha it o

IR G RAY R o SYK AL A SRS B R T g R SRR Y AR
M HARERBOFL S FECTEEM AR o T ?/*HH%? Syk A F]% 39
GEREaR ek AR KT T2 AR[86]- A F & I 2 40 Syk A ]
IR B R @A LS R e ¢ o QT SR ) R el A o daF 0 B
Syk 2 ME | F chim?e ¥ > FF F-v peat e Syk + £ AR R € @ Mh R 4
Fied R AT o0t SYK BRI F R~ B IR LR e R [87]
S A IREFEGHOE 0 B ARE §EBE M T2 Gk ik o F]t 0 SyK

R

L5 Prdlag 4 £ fodficnivr o om & IR Syk ek

I
=k

B o 2 LR
BETTH] o KA 0 Syk < § (TR AR MANMEE S X & few Lip Mm% 4o B
fwfe s e s Erglmie Y Ao R AAXWeHEALAERY FCXM{rBw
2 4 (BCR)» B At {odidllsf o0 WA R LA 5 %7 AP M > Flet#r4] Syk
LAREER S RG] E A ¢ R R RN E e R

Bps 6k B LR S (RS % % [88] -

5.2.2 Syk #7 B ‘wm#z # = % (B cell lymphoma)z B %

FAMBIme A L2 XEpFIpF T T a2 B e kT ) B A
WA § A Ed Syk i @ SYK A B F ohB e d EfenEBdlaE
Boo Fgd Al Syko gt gl BH B e T 3 L HE o Syk & B im e i
EArx 3 B > TV e BwfeR 2T Fltev i L. 58 Blwwe
g5 e BB FI[89] o rf b F batlkE v (MTOR) % # iR isfk ¢ x &
Leffeh 37 4p 0 SYK & mTOR s it ¢ g £ & chd 4 - Apdbie i F & )
Mo T 6 gm0 Syk & B kT B hA B o i < Ak F o P HT
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Syk-mTOR & @i/ bipie #k® BA 3¢ FILL B T > @ Syk &7 i = 5
FI* fhde F i io R B e ¥ Rtk n[89] -

¥ ¢k > Gururajan % 4 [90]4F3 % 23 & B~ B2 £ i 4 o HEmg da
B% 2 Bl B 8% 3t Syk o d 3t Syk &R w ke B i T B lwe ¢
gRHAB P FR F T I Syk E 0 b LA F 4] Akt R 0 A
i Mg cnd LA o AT AT 0 SYK Vot e B T B R RLAE R e vE
2k o Bl £H4F Syk B BRI R F4 A 0 F e Ky o ¥ b Young
F A %11 RNAI Fr4] 4 %5 NHL(Non-hodgkin lymphoma)#& 7% ‘m #z # 3 Syk >
RlgRGEFT% > a pf P > FHBwesdd Syk PlEZHFF L o @
2 R SYk Frfl A AE RN T U542 L B ek o R RG] o 5

s

& A 2 NHL fm% ¢ % i RNAI fr# 3r4] 82 40 5770 (8 3] b % — & 0 3007

7 Syk & 4 £ ST F chd & Feo [90] o

5.2.3Syk t 3 g ¢ iw & 4

d B3 BoF SYK % BORpE Y T AE S B E AR 0 T A A FORA T T
Vil s ROBATF AP Syk ) A pedI A G 3 FR AL E D R

B[92] - & 7 v;glc‘a it Syk i Fimre ¢ g frn @ i 2 3£ % ll(angiotensin 1) £ *

R TR ERK A A iR 4 KR A4 [01] 0 AR A ARBE 2 s o 3
fmebf | 2 SyK B AFReHA) 2 AR Y B ehd § 0 v R R

Ao AT B I E Sykakdrdl 8 HUH-7 0% ¢ $tsorafenibz g s 3k 4 >
e d *tRaf i sorafnibz i #* & prd|Sykm B2 BRafig = fwm?e k= chv 5y ffi i ]
d < IF*J%:};, A1 Syk & Bim#z ¢ ¥ 5 v PISK/AKtt 2 4, @ vEEL j2[90] 0 18 fwhe 3 5 T 3%
Film®e k= > Bpor SYK¥ av 5 PIBK/AKtz. + 254 F » F]t i+ mPe ¥ > § Ras/Raf
% Sorafenibdrd| @ $imve T A 2R A PF o F o B AT L BT 0 R E SyK

3
2T oA E A P RS R E ST Fl A (¢ e hsorafenib (T T OEE 0 T b
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T oo oiEm R A AHUH-T 3 3 M 5 ¥ b o d SSykT Ea i a3 Bod 0 drdlis
T NPT U E - A L BERE AR TR G A EAPI B A P

meed G FiR- hEE

53 Hi &4 B4 2 feh
‘%’J AL ETERDSYK 0 AR FRGELEY BB L AL LW

(receptor for advanced glycation end products, RAGE)~ &_E B4 ez - > ¥

‘F_&

HResf%ke? DB 7HF RAGEZ LA Iy RHEDI R 2 - > HF
ARG AR - 5 e kel (ligand)r 2 5 £ 0 B e RAGE R Y
i& G FPET K AL (AGE) ~ HMGBIL ~ S100B* Mac-1% F—v : ¥ - B| & § iw%e £
AR B NN LAF RBERE AL oA BT e a4 bR s R
> B % © 4j PIBK/AKE-ROS~JAK/Stat3 % » (. d **RAGE 4 & 245 204 AP

BRI 2 AFR[93,BIM] -

PI3K e S L

Akt Erk1/2 p38  Mkk6

RAGE

RAGE ligand

SRAGE
blocking antibody

small molecule inhibitor

(BIM : RAGE™ e 4 @ aEpe s 5 [93])
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* fedp IRAGEr & a8 M MR~ P R BORA T A AL g
FOMo RiTE R IF DY PR RAGER B LR el 2 B AR o BiE
B ® RAGE~ MG < £ L Menfia) » ¥ ¢b > RAGEHE f* » 7 i Ba sy mz
2L A VBB E G AAMETE AR ABRFY oo LT B8

sorafeib £ #+F|RAGE @ 4v 3 sorafenibiy & "l e % = H_A K ¥ 7787 7 [93] o

54 $He A kB Y

SRR TR A Ko ¢ H5F 5 BRI aeRAL S B AR B E ) ahEE o
(ANMARAFEFTBHLFIEEADIR A AFY AP b
R R AR P B REER R IR B E T 5 3 u e & sorafenib ey
P n P AP T O6fE kR A FIT S EiE R K 2 d B P35 3l #sorafenib
ER X e 7> gsorafenibeid 412 7 st BB D A s 3 - T fF o

MG TR A A2 e 0 AP PE T AR epl o ps (SYK) TR -
BT o o HSTR i Re BRHUH-T ¢ chSyk Ak 714 B 12 ShRNA R ] #l3m 4] 15 - 2 70
HWrrme o ¥ 42 L5 &% &§ B & sorafenibehid® 12 0 R € @ dwre i
sorafenibegt < 44+ 2 5 ICsE T "% f gLzt s EaE e s im0 4 R ¥R
@RI ¥ e > @ B¢ u5uMesorafenib ST T # 155 BIL G £ B A%
Pk B — drsorafenib o SR @ B 0 £ o1 Sykerur & ¥tsorafenib £ g
KPR FE G - Tk o

HREAKRFT et o ABRTALANASLR o B - LASYykeriErFTF 0 d B

mh;z

v PR

e

ALY 3 % ¥ foSyk¥tsorafenib £ g % 1 0 Aa HFEmnfg 4] 2
;IL ‘J' » detm P 4 '?Hb 4 mpi‘:‘;ﬁ“ o #»P#'szkg i fmre 4 £ ¥ & (X ZE"L?’

1
-

A\,

¢ i fm¥z /¥ = (apoptosis) st &_i¢ wm¥e iR F fim iz g5 7k ¢ (cell cycle arrest) ] 3 #Fi& -
SRR F o ¥ b d dtsorafenib bl e F B ¢ T & AR w e A K R R 4T

(tumorigenesis)[70] » F]#t » A k¥ £ i&- H 1 RA S R 4 EB% (colony fromaion

56



assay)ix 7 & & & Syk#r#] % sorafenib A £ F € 4 { B EF2 B0

- [EENG,
A A g £ A 18 e i (4325 (functional assay) 4 ¥t i Fo 18 4 (migration)

Rt

42 o imdE w4 (invasion) ¥ £ F &7 H ¥sorafenibadZ 7 413 o g 5 A
ke L it- S &E S o

F - SRR L ARENEER R R RO o A AT AR

AP EFSR TR 2 AT S S H A REP

Wi (7 éhE > MFVETNL GBS AT Ay (A g > M AP T O
*rH K

AR BER L DR FFER R ER R B
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< Tables>

Table 1 Primer list

Puro enrichment

Forward: 5’- TTCACCGAGGGCCTATTTCCCATG - 3’

Reverse: 5’- CGTGAGGAAGAGTTCTTGCAGCTC - 3°

Full hair-pin library

Forward: 5’- AATGGACTATCATATGCTTACCGT- 3’

Reverse: 5’-
TGTGGATGAATACTGCCATTTGTCTCGAGGTC- 3’
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Table 2 P-value and fold change analyzed by Principal Component Analysis (PCA) and
T-test

Gene T-test p-value Fold change

Rage 0.000891112 0.023579517
FASTKD5 0.001418046 -

Syk 0.069732117 107.0906868
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Table 3 Screening list of the 96 kinases

Symbol NCBI_geneld | Function

CSNK2A2 | 1459 Casein kinase 1 subunit alpha&#39;

RAGE 5891 MAPK/MAK/MRK overlapping kinase

GSK3B 2932 Glycogen synthase kinase-3 beta

YES1 7525 Tyrosine-protein kinase Yes

SLK 9748 STE20-like serine/threonine-protein kinase

CIT 11113 Citron Rho-interacting kinase

PBK 55872 Lymphokine-activated killer T-cell-originated protein
kinase

CCNH 902 Cyclin-H

CSNK1D 1453 Casein kinase | isoform delta

JAK1 3716 Tyrosine-protein kinase JAK1

ROR2 4920 Tyrosine-protein kinase transmembrane receptor ROR2

PFKFB1 5207 6-phosphofructo-2-kinase/fructose-2,6-biphosphatase 1

RP2 6102 Protein XRP2

RPS6KALl | 6195 Ribosomal protein S6 kinase alpha-1

TAF9 6880 Adenylate kinase isoenzyme 6

CDC42BPA | 8476 Serine/threonine-protein kinase MRCK alpha

AURKB 9212 Serine/threonine-protein kinase 12

TRPM7 54822 Transient receptor potential cation channel subfamily M
member 7

RFK 55312 Riboflavin kinase

PANK?2 80025 Pantothenate kinase 2, mitochondrial

ADPGK 83440 ADP-dependent glucokinase

CMPK?2 129607 UMP-CMP kinase 2, mitochondrial

CSNKI1E 1454 Casein kinase | isoform epsilon

DTYMK 1841 Thymidylate kinase

GRK®6 2870 G protein-coupled receptor kinase 6

MPP1 4354 55 kDa erythrocyte membrane protein

STK16 8576 Serine/threonine-protein kinase 16

TRIM24 8805 Transcription intermediary factor 1-alpha

RPS6KC1 | 26750 Ribosomal protein S6 kinase delta-1

Pl14K2B 55300 Phosphatidylinositol 4-kinase type 2-beta

WNK1 65125 Serine/threonine-protein kinase WNK1
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MLK4 84451 Mitogen-activated protein kinase kinase kinase MLK4

PRPS1L1 221823 Ribose-phosphate pyrophosphokinase 3

EFEMP1 2202 EGF-containing fibulin-like extracellular matrix protein 1

FKBP1A 2280 Peptidyl-prolyl cis-trans isomerase FKBP1A

ITPK1 3705 Inositol-tetrakisphosphate 1-kinase

MSTI1R 4486 Macrophage-stimulating protein receptor

ROR1 4919 Tyrosine-protein kinase transmembrane receptor ROR1

POLR2I 5438 DNA-directed RNA polymerase |1 subunit RPB9

MAPK1 5594 Mitogen-activated protein kinase 1

FASTKD5 | 60493 FAST kinase domain-containing protein 5

AXL 558 Tyrosine-protein kinase receptor UFO

EPHA7 2045 Ephrin type-A receptor 7

MET 4233 Hepatocyte growth factor receptor

PI4KA 5297 Phosphatidylinositol 4-kinase alpha

POLR2L 5441 DNA-directed RNA polymerases I, I, and 111 subunit
RPABC5

NMEG6 10201 Nucleoside diphosphate kinase 6

NRBP1 29959 Nuclear receptor-binding protein

DDR1 780 Epithelial discoidin domain-containing receptor 1

EPHBG6 2051 Ephrin type-B receptor 6

PRPS2 5634 Ribose-phosphate pyrophosphokinase 2

ROCK1 6093 Rho-associated protein kinase 1

SEPHS1 22929 Selenide, water dikinase 1

COASY 80347 Bifunctional coenzyme A synthase

UHMK1 127933 Serine/threonine-protein kinase Kist

CDK®6 1021 Cyclin-dependent kinase 6

EGFR 1956 Epidermal growth factor receptor

ALDH18A1 | 5832 Delta-1-pyrroline-5-carboxylate synthase

SRPK2 6733 Serine/threonine-protein kinase SRPK2

STK17B 9262 Serine/threonine-protein kinase 17B

AATK 9625 Serine/threonine-protein kinase LMTK1

TRIM28 10155 Transcription intermediary factor 1-beta

PRKD2 25865 Serine/threonine-protein kinase D2

CRIM1 51232 Cysteine-rich motor neuron 1 protein

MAGI3 260425 Membrane-associated guanylate kinase, WW and PDZ

domain-containing protein 3
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CSK 1445 Tyrosine-protein kinase CSK

ENG 2022 Endoglin

FGFR1 2260 Basic fibroblast growth factor receptor 1

GAK 2580 Cyclin-G-associated kinase

NEK3 4752 Serine/threonine-protein kinase Nek3

NME1 4830 Nucleoside diphosphate kinase A

PIK3C2B 5287 Phosphatidylinositol-4-phosphate 3-kinase C2
domain-containing subunit beta

POLR2J 5439 DNA-directed RNA polymerase Il subunit RPB11-a

DGKE 8526 Diacylglycerol kinase epsilon

PDXK 8566 Pyridoxal kinase

MAP3K6 9064 Mitogen-activated protein kinase kinase kinase 6

BMP2K 55589 BMP-2-inducible protein kinase

CAD 790 CAD protein

LTBP1 4052 Latent-transforming growth factor beta-binding protein 1

CDK16 5127 Cyclin-dependent kinase 16

PTK2 5747 Focal adhesion kinase 1

PAPSS1 9061 3'-Phosphoadenosine 5'-Phosphosulfate Synthase 1

LATS1 9113 Serine/threonine-protein kinase LATS1

CHEK?2 11200 Serine/threonine-protein kinase Chk?2

NAGK 55577 N-acetyl-D-glucosamine kinase

CAMKV 79012 CaM kinase-like vesicle-associated protein

CDK9 1025 Cyclin-dependent kinase 9

DAPK1 1612 Death-associated protein kinase 1

ERBB2 2064 Receptor tyrosine-protein kinase erbB-2

ERBB3 2065 Receptor tyrosine-protein kinase erbB-3

MNAT1 4331 CDK-activating kinase assembly factor MAT1

PDK1 5163 [Pyruvate dehydrogenase [lipoamide]] kinase isozyme
1, mitochondrial

PFKFB2 5208 6-phosphofructo-2-kinase/fructose-2,6-biphosphatase 2

PRKAG1 5571 5'-AMP-activated protein kinase subunit gamma-1

SYK 6850 Tyrosine-protein kinase SYK

MAP3K7 6885 Mitogen-activated protein kinase kinase kinase 7
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Table 4 Concentration and quality of genomic DNA

Name Concentration (ng/uL) | 260/280 (>1.8) | 260/230 (>1.7)
Cell (reference) 343.1 1.94 2.13
Control 1 196.2 1.84 2.24
Control 2 235.8 1.85 2.23
Control 3 209.5 1.81 1.78
Control 4 206.8 1.86 2.20
Treatment 1 213 1.84 2.38
Treatment 2 186.3 1.85 2.38
Treatment 3 203 1.85 2.25
Treatment 4 384.4 1.82 2.25
Treatment 5 178.6 1.85 2.33
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<Figure Legends>
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Figure 1 Growth curve of tumors derived from HuH-7 cells infected with 192 shRNA
library pools. Cells were injected subcutaneously into nude mice. After tumors grew to
100 mm?®, mice were divided into two groups. In the control group (n=4), mice were
treated with vehicle. In the treatment group (n=5), mice were treated with sorafenib with
the dose of 30mg/kg/day. Error bars indicate the SD.
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Figure 2 Protein expression levels of spleen tyrosine kinase (Syk) and glycogen
synthase kinase 3 (GSK-3B) from tissue lysates slightly reduced in the treatment
group.
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Figure 3 Validation of gene silencing by Syk shRNA. (A) Lysates from Syk lentiviral
ShRNA infected HuH-7 cells were prepared after puromycin selection and analyzed by
western blot for Syk protein expression using an anti-Syk antibody. (B) Knock down
efficiency of the two shRNA clones were detected by subtracting the expression levels
of Syk with the control GAPDH.
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Figure 4 Validation of Syk as a sensitizing target to sorafenib in HuH-7 cell line. HuH-7
cells were infected by lentiviral ShRNA of Syk and non-silencing sShRNA (Mock). After
puromycin selection, cells were treated with varying concentrations of sorafenib and
incubated for an additional 72 hours. Cell number was assessed and data was
normalized to shRNA plus vehicle control and plotted. Silencing of Syk showed
potentiation of sorafenib response as seen by the shift in the dose response curves.
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Figure 5 Growth rate of shSyk treated with 5 uM sorafenib is lower than Mock. HuH-7
cells were infected with lentiviral ShRNA of Syk and Non-silencing shRNA (Mock).
Cells are treated with vehicle or 5 uM sorafenib and incubated for 24, 48, 72 days
respectively. Cell number was assessed and data was normalized to day 0.
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Figure 6 Syk inhibitor potentiates sorafenib response. Treatment of HuH-7 cells with
Syk specific inhibitor BAY 61-3606 in combination with varying concentrations of
sorafenib resulted in a shift of the dose response curve suggesting potentiation of the
sorafenib response. Cell number was assessed and data was normalized to vehicle

control and plotted.
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