Bz i B FFFRd 55
L

Graduate Institute of Microbiology

College of Medicine
National Taiwan University

Master Thesis

1 * Pooled RNAI Library & 35 "+ 4 £ ch3F £ 7L 7]
Identify Genes that are Specific to Hepatocellular Carcinoma
Growth by Using Pooled RNAI Library

it

Chih-Hua Kuo
RERIE 24 B
Advisor: Jin-Town Wang, Ph.D.

PoE K 106 & 7 ¢

July, 2017

doi:10.6342/NTU201702453



Rx2#A% (8) B2 HX
nRXLEBeELE

b XFRB ¢ KB Poled RUA Libey 2R 5 E6Y352 2B

- . . P { 2
91.\ i ;aga B . ,’(‘:’M."y Genes that ae Specific to HEPmtu(L‘I‘MC\V Canmoma

(HUNW by L/‘SM(J P.,v,\v.d RNAT ',ly\rb\ry

Aot B (B vwws ) ARTEBREMAY
SrrEmzA (M) T2u%x o RRE 0L 5 ) A1) BARTFIA
REBFEBBRUREMN  HENA

oREB =
> /%‘?T %'/ (%4%)

(45 % H#3)

2 IR
. T TY

doi:10.6342/NTU201702453



2+ 2
S

RERAEHEHY O FARRMA S ERE I MY L R LE DT %k
REAFY A2 g EARA R GRS B - AT ARG R
FRAEERS CRMHVAELAAFI R TREXFHA O L DR B
ﬂ%%m&iﬁﬁkm“%*v°&%ﬁ¥%%~ﬁ§§wﬁﬁw’ﬁﬂﬁ@g
ARNE BT RS KEA P BATH L BRI oA MR TR
ARSI RHRPNF RN SRR T o R BES BY o EREL Y
By o EA - L FRHET > BAT ISR YR 0 L i F ook s B (53

PGk B AMNEE ET AL RN AL F ) R T ER Y
FLFLehd B B c B EF 5 - BT S BRFER Y o R

RR AP RPN LR RS R ML B B 2 B ERS -

doi:10.6342/NTU201702453



PR

e 2IRE FOREF T Lo HRH LR A LA TIRRLRR G B adg R
#7120 # & 4] * human pooled shRNA lentiviruses library 12 negative selection e ;' &
3 w4 & adF R A F] o 4-human pooled shRNA lentiviruses library pool 2 4 %] g
Awf7 e afpipimiztk o RA & 77 9984 B ShRNA - & % 4 I A 7 o ¥ g ‘m
*2 th HUD7 ~ A 3% BUR, ‘o %otk ASA9 ~ A 45§ iR w7e tk Hela ~ 4 475 Jf w¥e
R SCM1 £ i 5 v 3 shRNA 3 423 B > i E 307 BAF > @ B F A&+
e g m gk HUh7 2 5 v 5] shRNA B 334 % > i&F 303 BAF o 3 1 &
7 e & s B4 § fe(tryptophan 2,3-dioxygenase, TDO2)¥ i T ‘wPe & 37& % %
Pos R e 4 0 T B R IEEE T ,f*gc} ShRNA #r#1] TDO2 £ 7] 4 3R Kk Frd] i+
HMgsend £ oo f|* LB R PR EFEA F o % R shRNAclone ID 874 ~ 33 4 &4
F1 A 0 i fe k. HUh7 ~ o] B w2 $& Hep55.1c fr ] B85 1 4 w2tk
BNL1.MEA 597 TDO2 £ 7] % Jerma gk 4Fo 0 d > & ghix 18 B4k ShRNA clone ID 33
B+ & % 14 £ Hep55.1c % & ~ 4% scramble shRNA 5 4 & % 4 ¢ Hep55.1c

WP R B AALR 4 fh Hepbb.lc imre thz F Rph A F BR A LE 0 T 5 B i
X P A&aband T AR T e d IR A FAIRE o L MTT 25k P| 2
B A o AN T X PE o AARR %0 Hep55.1c fnte tk2 e SAHIE 12 4% ShRNA
clone ID 33 '&-‘I}isfr B % 15 e Hep55.1¢ im 72 $k foak scramble sShRNA 'I&:}ﬁaﬂ% B4t en
Hep55.1c m*s txficie® » " F B F L £ > &7 A4 R 2 e Hep55.1c fm*e th 4 £ i#
Bl g TasdHF %> 5 0 e C57BL/6 -] B4 » 4 shRNA clone ID 33 I&f}%

A 18 chim e A & et AL scramble ShRNA B 3 & 3 18 dhim 5o 2 = e

o P AR LT A3 HEFALR 0 A BALB/C o RPIL T BEEF AR o MFHULHE
i - % ¥ 4 & C57BL/6 & BALBIC -] & > 47 » 4 shRNAclone ID 33 #i
& R 18 chlm iz ) & e g < o 22 scramble ShRNA B & & % 18 chim e ) & eh

=R
R

SRR EF AR o

MAES i TR R 8RR T B DB PP B A

doi:10.6342/NTU201702453



Abstract

Hepatocellular carcinoma is the fifth most prevalent cancer worldwide. So far,
there are no good indicators for its treatment or early diagnosis. Therefore, we wanted to
use human pooled shRNA lentiviruses library to identify genes that are specific to
hepatocellular carcinoma growth by negative selection. Four different types of cancer
cell lines were infected by human pooled shRNA lentiviruses library pool 2 which had
9984 shRNA. There were 423 shRNA including 307 genes which were not aligned in
Huh7, A549, HelLa and SCM1 cells. Additionally, there were 334 shRNA
including 303 genes which were not aligned only in Huh7 cell. Previous studies showed
that inhibiting tryptophan 2,3-dioxygenase (TDO2) allowed T cell to regain the ability
to attack tumor. Thus, we wanted to investigate whether using shRNA to inhibit TDO2
gene expression can repress the growth of hepatocellular carcinoma. By real time qPCR,
we found that sShRNA clone ID 874 and 33 inhibited the TDO2 gene expression levels
of Huh7, Hep55.1c and BNL1.MEA cells most efficiently respectively. The protein
levels of tryptophan 2,3-dioxygenase of scramble shRNA treated Hep55.1c, sShRNA
clone ID 33 treated Hep55.1c and non-treated Hep55.1c cells were detected by western
blot. We couldn’t confirm the protein levels of tryptophan 2,3-dioxygenase of these cells
because there wasn’t a distinct band in positive control. Using MTT assay to detect the
proliferation rate of non-treated Hep55.1c, scramble shRNA treated Hep55.1c and
shRNA clone ID 33 treated Hep55.1c cells. We found that the activity of mitochondria
in non-treated Hep55.1c cells was significantly higher than scramble shRNA treated
Hep55.1¢c and shRNA clone ID 33 treated Hep55.1c cells at day 5 indicating that the
proliferation rate of non-treated Hep55.1c cells was faster. In subcutaneous injection,

the size of tumors derived from shRNA clone ID 33 treated cells was significantly
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smaller than those from scramble shRNA treated cells at day 15 in C57BL/6 but not in
BALB/C mice. However, in liver injection, there was no significant difference between
the size of tumors derived from shRNA clone ID 33 treated cells and those from

scramble shRNA treated cells in C57BL/6 or BALB/C mice.

Keywords: Hepatocellular carcinoma, Genome-wide screening, Tryptophan

2,3-dioxygenase, Small hairpin RNA, Lentivirus
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DNA > & ;’ﬁ“pj H £ pE -t DNA q‘;’ »mAiwe e DNA> @ i me e L0
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Flm e [ Fhm e 7 0 970U F L 2 B e fe 7 4 | mie [16] o Mol A vt 2
WepE v B 3 2 ¢ vpe 7 o 4 (vesicular stomatitis virus) s & s G OpE B¢
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FRIET &2 &7 HE fp 4§ H(integration deficient lentiviral vector) » #* % 7
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active sequences 7 ",f » B3 #-accessory & F1 5 ",f v ¥ éﬁ'rﬁ:f,‘ﬁfr TR % 2o
¥ p 24 8 (self-inactivating vector) » % é’uyga4 AmAPAE AT R L
fe% 2[18, 20, 21] - s A R T 12 ode e (primary cell)snk 50 g
i 4 A F1$ 4 (transgenic animals) » % i+ F ¥ i £ FREE ~ & SR
(insertional oncogenesis) » AL * fhop+ M = # o T REAFEALAT 2R
(X-SCID) » & #. {8 frig & ¢ i 5 (leukemia)[22] -

2
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1.3 ] B AR (Small hairpin RNA, sShRNA) 1% 8
#

AP g et o] B & P pe (small hairpin RNA, shRNA) & £ l»%’ﬁ@ M
Fiw PR E e d o P AT E R e MBS RS F LR B0 R
41ShRNA § 45 455 CDNA > £ jEd B &gt » A DNA ¥ f i e
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% 5 shRNA > shRNA ¢ §d exportin 5 j& m¥s 1% 3| fm 2 5 » 3% % Dicer (RNase Ill)
¢ #-shRNA =rrloop (hairpin).i 27 #-2) = 20-25 B +% 4 f& 1 SIRNA > SiRNA ¢ %
i# Risc(RNA-induced silencing Complex)# target mMRNA & & > %ﬁv} #-target mMRNA
AR ) Ao ke H & [23]

1.4 Pooled RNAI library
BRI F S ATFIRY 0 R AHREREY R R AR SR
:ﬁﬁ*ﬁ B> 3 3 273 1* pooled RNAI library gk Flie e iE - 10 F 35 #3068
& LT 0 X IT S AR Fs R &t Rl ehdp 1R [24, 25] - 2 pooled RNAI library
A FlE e EPFY T positive selection # §_ negative selection » positive
selection % ;ﬁd RNAI % mre ¢35 8 % Dlmie 3 M A drd|mie 4 £ chfw o § &
AL EEIIR AT B A i & N EERFATF > @ negative selection P E A *
RNAI Fr4] 2 & K 7] » g AAwmed A gl Eaiin o i £ N EER
Ty 2 F1[26] -

1.5 & wepk g4 § fF(Tryptophan 2,3-dioxygenase)

J Mepk B4 ¥ pe(tryptophan 2,3-dioxygenase) £ d A #g e TDO2 A FldgFm =
[27] » % 7 F = A F 9% % (heme-containing enzyme) » i€ ¥ ¥ & IR frf FUHE
ook L,LEVF“ FURgenigs € AR F ORpL 4 § pF T 0200 L-tryptophan & % A
N-formylkynurenine - ¢ # 3% & kynurenine pathway &= % - % i& 5 *T4]4 3%
kynurenine pathway § 7 2 4 48 p 90%:7 L-tryptophan » & & =i 4 ¥ f5 5 3
B ek - > 7 ¢ |-tryptophan ~ L-tryptophan % 7 2% = B = B AP~ cnjm 4
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PFERE ¢ RS BFET A A M ¢ p (tryptophan) 570k &~ kynurenine
pathway ~ o /% % % R xE & eh § pleak R 2 B A 2 il gide » 432
TN EELHOLRF ARG M s AR ER e A
8RR R A T AR A A AR I,% 7 B RE Y ¢ IR SR R
AR ho Ty § SRR R R R FE RZEFE S > T IR R F
£ [28] o ¢ M=ph e B 4 £ @& £ (immune tolerance) § B o ¥ 0w M dF T g
(homeostasis) - & 4. p 48 ¢ % (autoimmunity) ~ & % 5 32 (immunopathology) <3 255
4% Thwre ¥ end Wepi )k R ™ "% > € #r4] mechanistic target of rapamycin complex
1 (mTORC1) - iai¢ p w4 {¥ * (autophagy) » #3c T in¥e % i (anergy) » ¢ *F & &

general control nondepressible-2 (GCN2) » "4 2t s % 3o g F> & T wrehd £
£ F|$rd] > BaE de novo Treg sme 4 i fokf 4v Treg imie crE 14 5 & ek ehil e
* Jazpg (kynurenine) ¢ i i+ aryl hydrocarbon receptor (AHR) » &% Treg sm ¥z 7
= o A% A L Frd] enpkc R B (immunosuppressive microenvironment)[29] o ¢ Pefid
CE R R R S e LR T R R
Bes <R FHR TR R RB - WA LA el p R L RS
F[30] > *hghme ¥ cnd MR B4 § PR € SRR B CIR B R IR IR R cnd Rph ~ B Uk
B ek BioRpl etk iy 0 MR b ¥e s f & IR ¥e 5 light chain glycoprotein-associated
amino acid transporters » ¥ 12 it 2 TRP/KYN antiporters > ¢ *t it & Rsm %2 i 5

high-affinity TRP transporters > ¢ i¢ ¢ M T e ¥ gad) > b Pt & T vz @

eI T 0 Treg sm¥s 2 @ < 4 (tolerogenic)+ /i & R m”aﬁﬂ i e S LN IR GEES o -
(immunosuppressive cytokines) ~ #r 4]+ %2 % @ 3¢ (inhibitory cell surface
proteins) » #r | %+ Frdi B craay 4 [31]° ® A B £ Bk iR T > TDO-reactive CD4"

T mPz € £ 073 b chr iy wiE R T 0 4 & A& interferon- o ~ tumor necrosis
factor-a > % Thl response » i & s ™ 2 B € A isien faf Tl § A
interleukin-17 ~ interleukin-10 » % regulatory T cell response[32] - ¢ 55 # 7 & >
i€ % | A Ak >t eslep(indole) & B-rdvif (B-carboling) crapie 2 Fr » 7 ra e & Sepe
BAcf 0 R T e € ATE @R R i 4 [33] 0 ¢t g B o el ey
B % sz (glioma cells)sn TDO2 ~ AHR A %] > € $Frldd S F B mre s d{rd £
o 4 0 Ak El(nude mice) ¥ > Fr] TDO2 8 Fleidd S50 B8 fm ¥ ) o e s oL 47 4]
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w2 R R P 9 NK fmve §) “f » ] TDO2 A Flerdd 59 B % o fe A5 & ifvih
ik E VAl ) o 2 5 & R Tdo2 % % > 1 Ahr- proficient mice +* Ahr- deficient
mice + - B+ TDO2 ¥ 1135 6 AHR % Mg ¥ m% chf 6 2 4 £[34] o e+ § &2

TR 0 AR ] B Fed] T2 ehimes 22 54 e we A5 & BB < o] L
£ B[27] -
16 Fy i

b 2 FEIEA SRR FO TR EM AR LA T ER
PR Y 3R SARRE A RESHERE DR PR RRPTRG FLF S
TS ~PEIE -RFRA BRI RAIZ AL F AL AhEE R
W A P g IR G 3 SRS TS 5 S R ke A Fl(common tumor
gene) > %_&_Ras ~ c-met ~ c-myc ~ Wnt/ 5-catenin ~ PIK3CA & % > 2 Z 3 & |4 > #7
TR }“ﬁfd human pooled shRNA lentiviruses library 12 negative selection 7= ;4 3 &
HiFmie st LR AT T Lo S L ATHRRIDP R T3 AT HER
@ % Frd A drd) § depL g 4c § fF (tryptophan 2,3-dioxygenase) © ¥ 12 T fmre £ 37
BREHFURR DR A o TN R R TR R R RFHALT T L d ShRNA v
#] Tdo2 Zk F]1 ke " FHi g it & o
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i A m P2 o w2 4k Huh7 (human hepatocellular carcinoma cell) ~ 4 # 5%
’”j"\?f%.fﬁm’?? tx A549 (human lung adenocarcinoma cell) ~ * 3+ ¥ 5 & w2 & Hela
(human cervix adenocarcinoma cell) ~ * % % J% ‘o %2 & SCM1 (human gastric
carcinoma) ~ -] B3 % 7z $& Hep55.1c (mouse hepatocellular carcinoma) ~ -] B 3F%
+ A smre $k BNLL.MEA (mouse liver epithelial cell) &k :& 7 3 2% o b = fdiw ¥z th % 33
%k 10%2 E i et L FeDMEM 2 & ? > ¥ A.37C ~5% COx 38 % 44 ¢

k] * g Xk
Polybrene FetBop 4 g 4wz Sigma-Aldrich
Puromycin RSN BoE R Skl Gibco

MTT KELER: el - Sigma-Aldrich

2.1.3 Pool RNAi: library 2 TDO2 targeted ShRNA

MY p ¢ A EeRNAicore # % Bupsd & RShRNA- 23 = BFH > #5]5 ¢
% 7 %8 (packaging plasmid - pCMVdeltaR8.91) - # & %= 48 (envelope plasmid> pMD.G)
% i% »~ 44 (transfer plasmid » pLKO.1-puro TRCO01 ~ pLKO TRCO005) » i¥ » 5 48 <
78 7 7 shRNA > 4 zg ~ & B TDO2 targeted sShRNA & 7|4 W 7]* 4 - ~ & = o

2.1.4 3513 (Primers)

N et TR ST ECE A
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2.2 §i* pooled shRNA library & 355+ % 4 & rj¥ & A %]
#-o B E ShRNA il 3 B A in% » B F herps § % ShRNA F #4535

cDNA - L%gd FEeprgt» i DNA @ o FIS fop 4 e 28 2 5 puromycin
resistance gene > #7 ¥ 14 i * puromycin k & E &) S H ANE & R F chlm iz o e
FlE e 2 RGRES R T § R w02 o fEd 4 B A TR DNA
IR EFERGF et g hiee AT Y SShRNA A7) £ 30 e A A
$5 ShRNA B 7| { 7 17 vomis 4 71§ e 4 £ che & 2 %) o 12 110K human pooled
shRNA lentiviruses library pool 2 & & Huh7 ~ A549 -~ HeLa ~ SCM1 fm®s t& » Mt v f&
R PR I PATT R SR EmE A B B AT A B G A T

% R dm e bk HUNT 24 10 $H3] cnik BRI T & 5 9 Rinis 4 £ cnfh B A F] o

2.2.1 2 110K human pooled shRNA lentiviruses library pool 2 g %4 ‘w2
[APE

(1) 4248 8.3x10° B 4 &7 lm %l %% tk HUNT ~ 4 &7 5Ll fm e th ABAY ~ 4 4+
¥ FRpimreth HeLa~ A 3% Bk SCM1 1 156 24 w23t R ¢ > 2 37C ~
5%CO B2 BERR

(2) ﬂé’s—'&:ffﬁ«% 2 imre 2 MOI= 0.3 37C 5% CO 2 % a7 2% 24 | p*

(3) = A% > A4k 7 F puromycin =g & % (Huh7 im®2 $k@ * <H puromycin
JE R 5 25 ppm s Ab49 w2 $k 5 0.75 ppm - Hela wm#¢ $k 5 2 ppm » SCM1 ‘m % $&
= 2ppm)

(4) = 2 24— ZBER

(5) % £ 8 2 12 chim%e Ak d o T U2 chime B LsE R %

(6) M-imwdcd ¥ - &

2.2.2 # B~‘wmrz L 7148 DNA(Genomic DNA)

3 % QlAamp DNA Blood Maxi Kit (Qiagen)

L=

.o F @ * swing angle rotor

(1) #fedeehs = % %o 12 1000g 4w 10 4 48 0 %'k bk £ 0 S5mLPBS w i3
7
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(2) #v > 500 pL protease > & & 323

(3) 4c» 6mLBufferAL » I Tfuik 155 R 14480 #iRfris ]

(4) **70°C-kiptyier 2 pF

(5) 4t » S5mL100%:Fp » + T 10 X R 1 A4 0 R frin ]

(6) #- QlAamp Maxi Cloumn ¥ »* 50mL #.< g p - P~ ()2 x4 I QlAamp
Maxi Cloumn » 12 3000 rpm &t 3 4 45

(7) 2 “ﬁfiﬁi},@i,”i’ » 4v » 5 mL Buffer AW1 > I 12 5000 rpm &t 1 4~ 48

8) 2 “ff%ﬁ;‘/,a:‘.’i » 4v » 5 mL Buffer AW2 > # 12 5000 rpm &< 15 4 45

9 =2 fﬁ,}@,,zz » #- QlAamp Maxi Cloumn % *+ 70 50mL 3o ¢ p > 4 » 600 pL
ddH,O »>+ % B @ i®% 5 445 > &2 5000 rpm .o 2 4 45

(10) BB 5:% 3 QlAamp Maxi Cloumn »t ;8 @ 5% 5 A 4% > 1 17 5000 rpm &
SIAR:

(11) 1+ ODggopg0 ™ % 1 1z 3 DNA Jk & 22 % &

223 M E & pFad 4 F s (Polymerase chain reaction)*z + shRNA A 7

[RPE

Genomic DNA (250 ng/uL) 1uL
5X KAPA HiFi Fidelity Buffer 10 uL
2 mM dNTP Mix 5uL
Forward primers (20uM, TRC1& TRC2 Mix) 2.5puL
Reverse primer (20uM, LKO1&5) 25uL
KAPA HiFi DNA polymerase (1 U/uL) luL
ddH,0 28 uL
Total volume 50 uL
FORIE 1%

1.98C » 3 ~» 45

2.98C > 30 %)

3.69°C > 30

4.72°C » 20§y

5. £4FH 23428 BH®%
6.72°C * 5 » 4
7.25C » 10 » 45
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F1* QIAquick Gel Extraction Kit (Qiagen)® 4 PCR product » & 12 ODggop80 ™ 26 &
w3 DNAERZ R o

2.2.4 1| pErr K,ért shRNA loop ‘&= (Restriction enzyme digestion)

[RFE

PCR product 32 uL
10X CutSmart buffer SuL
Xhol (20 U/uL, NEB) luL
Ascl (10 U/uL, NEB) luL
ddH,0 11l
Total volume 50 uL
KR g 2

1.37C » 3/
2.65C » 20 ~ 48

g% I 1 * QIlAquick Gel Extraction Kit (Qiagen)w Jz X4 |f= £ * (S ehA 4 > T 1Y
ODg6or2g0 > % 1B 5 3 DNA E R & & & o

2.2.5 Klenow

(RPE

DNA 32 uL
10X NEB buffer NO.2 SuL
2.5 mM dNTP Mix 0.7 uL
Klenow (5 U/uL, NEB) 1uL
ddH,0 11.3 L
Total volume 50 uL
FORIE 1%

1.25°C > 30 ~ 45

F1#* QIAquick Gel Extraction Kit (Qiagen)® 4z Klenow i®* 34 4= » 12 OD2gorag0

kR DNAJRRE SR » T8 DNA M=t R 2R A 47 o
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2.2.6 =t & z_F (Next Generation Sequencing)

Atttk AR - KRR SL 300 Bk AR B RIZ G E TS
¥ 2 4= shRNA 7 71 » shRNA 5 7| s sense i loop ‘$H#-5 & B B Lk 7] > A &) %
CCGG ~ CTCGA » #r1u £ 32 f4¢ f so#7# CCGG ~ CTCGA ¥ FFeni 722 ¢ i
RNAI core er3 L E & 71+ vt 4 > Huh7 ~ A549 ~ Hela ~ SCM1 ‘¥z th & fo i
FUHIPOATT R SRR A Lo B AT A B HUhT fmre ki ot 43
IR FIR T i 2R e 4 R chgr B AT o

2.3 11 shRNA #r#] TDO2 £ 7]

f1* ¢ % ¥ TDO2 targeted shRNA i 7 % & % w7z » 15 fp 4 e0d % 5 3
puromycin resistance gene » #7141 ¥ 4 & * puromycin % & 91§ #op 4 R %
him e o 4 P~in¥e total RNA » 12 RT-gPCR i if] ' % TDO2 mRNA h# & » 5 7%
- i clone ¢ & TDO2 MRNA 2 JLE 4> 7102 6 > K BE2 p|imie & Rpk e
% fs (tryptophan dioxygenase) = % I & T MTT
(3-(4,5-dimethylthiazol-2-y1)-2,5-diphenyltetrazolium bromide):# = % g %4+ TDO2
A Fenmre 4 B B AE € RIR > Bfs £ % TDO2 MRNA 4 I8 5 i€ chim s 12
% i scramble ShRNA B 4 & % 1 ehim e 10 LT~ SF3E 64 T ) B - BLEE
Fgihd & o

231 1@ F¥F TDO2 targeted shRNA e 5 3 B % Jm¥e
(1) #48 2x10° B % 7w o tk HUh7 ~ /| 5% 0% $k Hep55.1c ~ | &3+
g etk BNLLMEA £ 6 2 A ez % @ » 3 37°C ~5% CO 2 % ¢ 1
% IF
(2) #33 & R4k + 7 3 8ug/mL polybrene 22 % i » & 4e » 100 pL ff 5 4 *+ 37°C~
5COxx % a7 1 & 24 /| pF
(3) =Hs &% > A4k 7 F puromycin = & % (Huh7 im®2 $k @ * < puromycin
JE & 5 2.5ppm > Hepb5.1c ‘m*z &k % 2 ppm » BNLL.MEA m?z $k 5 4 ppm)
(4) Fmre £ X8 X% > 2 3mMLPBS £l 6 2 A i % — = o £ 40 » 2mL
Trypsin #-ime 377 k ¥ 446 3 T-75 flask

10
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(B) Fmre £ 58 X s B 14 chiwmre % > ¥ o 34 chiwmre Bl L 8-H g B
total RNA

2.3.2 # Bwrz total RNA

LA EiEAT L% 4L RNase »f2RNA Z 2 22 ~r ¥ » ¥ AF %=
72 RNaseOUt #45 F % 4 2 B2 o pbob > 5k d @ % ch15mL 3w d 2 fleBen 3§ %
12 0.1% diethylpyrocarbonate (DEPC) ddH,0 % ¢ £ * Ip & > T 1 B iR Fade o

3% % Quick-RNA MiniPrep (ZymoResearch)
(ALFE
(1) #-f%e 12 10009 3t~ 10 A~ 48 0 &% b FiR

(2) r4 600 pL RNA lysis buffer =4z im?e » 1 12 10000 rpm &t 1 4 48

(3) = ik 1 Spin Away Filter » - 12 10000 rpm &g« 1 4 48

(4) #-38hin 4 » X AEA 0 100%:FpH » 7 o305

(5) #- Br(4)2 ;%48 1 Zymo Spin CG Column » & 12 10000 rpm &< 30 #;

(6) 4 ik > 4c » 400 uL RNA Wash Buffer » it 12 10000 rpm 4. 30 )

(7) ®l% DNase I reaction mix > i& & 4c ~ 5L DNase | ~ 75 pL DNA digestion buffer
8) 2 K,ért@;‘),@;‘,’:? »4r » 80 uL DNase I reaction mix »+ £ ;8 = it * 15 & 45 1 12 10000
rpm &t~ 30 F)

(9) 4 » 400 uL RNA Prep Buffer » i 12 10000 rpm &g 30

(10) = ",!r?@;‘/,@i.’:? » 4v » 700 pL RNA Wash Buffer » - 12 10000 rpm 2t 30 4

(11) 2 K,ﬁ:@i},a;‘.’% » v » 400 pL RNA Wash Buffer » 12 10000 rpm &< 2 4 45
(12) #- Zymo Spin CG Column % *+ 1.5 mL #t.< ¢ p (RNase free) » e » 30 pL
Nuclease free H,O » 12 13000 rpm &< 2 4 45

(13) 12 ODggoago ¥ * 12 1z 3 RNA JE & &2 % &

233 F # & T ¥ T pFR & fri 4 F & (Reverse transcription-
quantitative real time polymerase chain reaction , RT-gPCR)

GPCR ¢RI % & PCR #f 4 ~ DNA e B » 12k 8 % %o i o) & 3+ 55

11
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PCR T i e ey Sk ficiE » %ﬁé 447 PCR T dicfr & L e PG = N L RS
& Flenk E o AF % ¢ * Pro TECH Smart Quant Green Master Mix » 41 * SYBR
Green § % 4 » f% DNA %4k % & # > 112 ABI-7900 Real-time PCR # &~ 47
BE- AR KRN REIRE - )P PCR (A%< Ct (Threshold
Cycle)E »Ct Bt A ¢ A2 A FenA LE T f ApM > A2 A FenA AR S > i
PR E IR AL o S L Ct AR« A % GAPDH 1 Ct i {7 R i
(normalization) » ® ** qPCR & J& ¢ # fie melting curve sh4 47 > Mg E § 245

- M5 PCR & 4~ & &_primer dimer 2= o

RPEN
(1) 4> T3 F 42 & = cDNA:

3% % ABI High Capacity cDNA Reverse Transcriptase kit

Total RNA (200 ng/uL) 2L
10X RT buffer 2 uL
10X random primer 2 uL
25X dNTP Mix (100 nM) 0.8 uL
RNaseOut™ Ribonuclease(40 U/ puL , Invitrogen) 1uL
Multiscribe reverse transcriptase luL
Nuclease free H,O 11.2 uL
Total volume 20 uL
FORE £

1.25C > 10 ~ 45
2.37°C » 120 » 45
3.85°C * 5 ~ 45

T O-F 4518 cr cDNA i3 30-20°C k4 o

(2) 4> TF A F 47 i& 7 qQPCR:
322 Pro TECH Smart Quant Green Master Mix

cDNA 2 UL

Smart Quant Green Master Mix 10 uL

5 uM Forward primer luL

5 UM Reverse primer luL

ddH,0 6 uL
12
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Total volume 20 uL
AR HREIO6I L EFHRF BIRA R Z £470 2 F non-template control -

F R i 2

1.50C > 2 » 4

2.95°C - 10 » 45

3.95C > 154/ ~60°C » 1 » &

4. £4FH 3 3 40 B pk

5. #73# dissociation curve: 95°C » 15 #; ~ 60°C » 15 ~95C » 15 %)

2 ABI-7900 Real-time PCR # ®enié * P 4k (71 & 7.2 % - 12 GAPDH & Fleh
Ct & #-F - # A #rip] TDO2 A #):5 Ct & &3 i+ (normalization) » & ¥ ACt » £ #-4k
TDO2 targeted shRNA '&:ﬁf‘;i R % {6 enimPe 48 scramble shRNA '&:)ﬁs% B2 s
e T ACt AP 30 355 AACt 2 2 RNAAp$t2 g -

234 EBlwie v
R

Protein lysis buffer

1M Tris (pH7.4) 0.5 mL
0.4 M EDTA (pH8.0) 0.625 mL
5M NaCl 0.5 mL
Triton X-100 0.5 mL
Protease inhibitor cocktail (Roche) 1 mL
ddH,0 21.875 mL
Total volume 25 mL
[RFE

(1) =3 &% > 2 PBS j&je— = > £ 4o » Trypsin #-tm e 377 &
(2) #-ime r2 10009 42 10 4 48 > g b

(3) #r » 100 pL protein lysis buffer ;2 £323 > & >tk 30 4~ 45
(4) 12 4°C ~ 12000rpm &t~ 30 4 48

(5) #-1 FiRHIATHLEMLA S F > X E AT G

13
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235 R[5 %A= 48 T 4 (Sodium dodecyl sulfate - Polyacrylamide
gel electrophoresis » SDS-PAGE) ¥ & = % zk;x (Western blot)

SDS-PAGE e 5 fI* &~ 3 & %] kA dpFo ¥ F 5 SDS 4% & & {4

g iy Fole R AL R0 TR Flt i SDS-PAGE & ? o Fv

B g’v’ﬂ-;ﬂ‘\»ﬁsfg%&% RAR AT T BB B3 3§ 0 A7 F * AN

TR A P M F-9 B (denatured proteins)ihs + £ 0 ¥ %“ﬁfé o BRI E R

Piede Feng € 8 0d > RR2 {FRGE -7 3 EB20REIJIY - &

FME - PR 2Py Toe PRd FEREFERReds afilifd A8

PR AEL ) 2 AR g AR o W R E ke e

WE

(1) SDS page gel (2 * &)

Stacking gel (5% acrylamide)

ddH,0 2.633 mL
30% acrylamide 0.977 mL
0.5M Tris (pH6.8) 2.25 mL
10% SDS 0.06 mL
10% APS 0.06 mL
TEMED 0.006 mL
Total volume 6 mL

Separation gel (12% acrylamide)

ddH,0 4.9 mL
30% acrylamide 6 mL
1.5M Tris (pH8.8) 3.8 mL
10% SDS 0.15 mL
10% APS 0.15 mL
TEMED 0.006 mL
Total volume 15 mL

(2) Sample Dye (2X)

1M Tris-HCI (pH 6.8) 1 mL
100% Glycerol 2 mL
20% SDS 2 mL
DTT 2 mL
ddeO 3 mL

14
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Bromophenol blue optimal
Total volume 10 mL
(3) 5X Tris-glycine running buffer (pH 8.3)
Tris 151¢g
Glycine 9409
20% SDS 25 mL
ddH,0
Total volume 1L
(4) Western transfer buffer (pH 8.3)
Tris 58 ¢
Glycine 29 ¢
20% SDS 1.85 mL
Methanol 200 mL
ddH,0
Total volume 1L
(5) Blocking Buffer
1X PBS + 0.1% Tween20 + 5%t 75 47 >
(6) Washing Buffer
1X PBS + 0.1% Tween20
(7) Antibodies (diluted in blocking buffer)
futt s & " ig ki
Rabbit anti-TDO2 1: 1000 Primary antibody Proteintech
Mouse ) ] .
) 1: 8000 Primary antibody EMD Millipore
anti-GAPDH
HRP-tagged goat Secondar Jackson
_ gg- J 1: 10000 _ Y
anti-rabbit 19gG antibody ImmunoResearch
HRP-tagged Secondary Jackson
_ 1: 10000 _
anti-mouse 1gG antibody ImmunoResearch

(8) Immobilon Western Chemiluminescent HRP Substrate (HRP substrate luminol

15
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reagent ~ HRP substrate peroxide solution) (EMD Millipore)

(RPE

(1) #-FP~enlmre Fov F4e » E R4 02X sample dye » ¥ 5274 # (dry bath)_+ 12

100°C 4x #1104 45

(2) 2z 3% 45 Hoefer dual gel caster (General Electric Healthcare Life Science, U.S.A) »

#] i¥SDS page*} %8 » ;i » Separation gel » £ ;i » Stacking gel

(3) FuEmhits » B3 d-E T A4 (SE250 Mighty Small 11, Amersham Biosciences) ® >

4e » 1X running buffers? 3-¢ B & & > £250V » 50MA(25mA/gel) shig i+ T i 7 7 &

qF ) pE

(4) #filter paperf-Amersham Protran 0.45um Nitrocellulose(NC) membrane (General

Electric Healthcare Life Science, U.S.A.) i SDS page*} #8 ch | i § 3 #4 {8 » &30

western transfer buffer »

(5) #filter paper ~ NC membrane ~ SDS page®} %2 -~ filter paper (& #&— § 1&)i& & 3t
L 2N HE G (HANDO) P > 1212mV > 134 &b enif 2 > 494 ¢ ehgey i er

FINC membrane *

(6) #NC membrane*z » 7 7 blocking buffers 7 £ 38 > »> 2 8 T B k- | pF

(7) # f%f blocking bufferts » #-NC membranesz » 7z 3 — % 3u# crblocking bufferiz

WACT B R

(8) #'% 7 3 — 4k blocking bufferis » r2washing buffer;eNC membrane= = -

& X154 48

9) # ",fwashing bufferis » #-NC membrane*z » 3 7 = &+ siblocking buffersz

WERETRE- L

(10) # “,ﬁ% 7z 7 = 24t hblocking bufferts » r+washing bufferieNC membrane =

x> & =154 46

(11) #-NC membrane;z » 1:1;2 & 35 3 «nHRP substrate luminol reagent ~ HRP

substrate peroxide solution & ¢ #&|¢ > Ek F J 1445

(12) tm 5%+ i

16
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2.3.6 MTT(3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide)
MTT(3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide) & % %_- &
Bl T dmre A F AN A n 2 e R AR PN Y hyhoa %R & fis (Succinate
dehydrogenase){rim?e ¢ % C(cytochrome C) ¢ #-5 4 i & MTT i@ chw ek
(tetrazolium)Zg *» %7 > 4 & & ¢ 1 formazan 2 &% > 7 241 * = 7 & I m(DMSO)
& 2 5 fE (isopropanol)#- formazan & &% f# > £ 1% Bl 2%k @ # & formazan
Bind &R (Gmie B R MTT i 4 ) o ptesk @ (8 & R A0 g 1 0 08 e el
P& MTT %™ % kip|im% 55 & me B4 o 515 MTT 242 L@k
PP M PRTL L p Fo

[RBPE

(1) 448 5x10° B fm%¢ 3 24 3¢ fwmoe 32 % 45 > %2 37°C ~5% CO 2 % #5 ¢ B %

(2) % - ~= ~ 1 X pr > #50uL MTT reagent(5 mg/ml)+4c » 32 % ;% (500 uL)* -

B B - o) P

(3) #33 & A3tk > £ e~ 200 pL isopropanol - ¢ shaker I #% T 4 4> FE K 9
o % 275 fE

(4) Pl ODs7o v &

nﬁ:

237 ] B#5F %

(1) #mee £ a10 2hmes e > £33 K1 7-8 34

(2) 1 5mLPBS iifs— = » £ 4v » 3mL Trypsin #-fme 47 d » &% 50 mL 4
g @0 121000 rpm s 10 4 48

(3) #1 Figradl - * 30 MLPBS #-im* $r4¢ » & 12 1000 rpm < 10 4 46

(4) €484 #(B)= =

(5) r+ Hemocytometer 3+ #cm * #c

(6) :#4-2x10° & 1x10° i3 5m®2 12 18 UL PBS % 2 pL Matrigel w3 » & r2 3%51 64 3

BALB/C # C57BL/6 -] B## 5 #-2x10° i & 1x10° i iw® 12 198 uL PBS 2 2 uL
Matrigel w3 » ¥ 2 £ T3 &3 BALB/C & C57BL/6 -] &l 48 p

17
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=% 2%

31 MIXEANZTAELFH - AHEkA
12 110K human pooled shRNA lentiviruses library pool 1 g % A #f "+ m P2 g w2
HRHUh7 e % - A2 % 2 A A LA A KBTI A RELITE - ~ 2 >
T onsd LR A AR AT - BERSPEL 300 Bk A E ] 0 g
B2l 7 5 i~ [ end 7 {o shRNA 7 7] - shRNA 7 71 ehsense 2 loop 47 & B
H G 7] 0 A B i CCGG -~ CTCGA » #7 £z 45 F 3. 27#% CCGG ~ CTCGA
PO enR 22 @ e RNAI core enFp R A 7] b st #F 5 & 110K human pooled
shRNA lentiviruses library pool 1 # 7 9984 # shRNA > % - ~ = ~ 1 ~ ~ ~ 4 ~ 2+
o v I shRNA B 71 4 % 5 3985 ~ 5039 ~ 3630 ~ 3351 ~ 3903 ~ 4379 » 4
T BREEELLG T shRNA BA#icp £7 5 > @ X XG5
ShRNA 7 713 2114 # > i@ ¥ 1250 B AT - vfp+ £ 4 Huh? e g
puromycin &% {5 > X3 - #HF[e ShRNA B 7 Gl 7 b R Ec@4p £ 72 < > 97
Z_ 13 r2 110K human pooled shRNA lentiviruses library pool 2 i& 79 2 pF » i 11 % =
RE L A A7 cpE L o
12 110K human pooled shRNA lentiviruses library pool 2 g 4 A % 5+ 'm ¥e J§ fw Pe
th HUNT ~ 4370 5UR; fm etk ABAQ 4 873 SR e tk Hela » % &1 %  fw o 1k
SCM1: 4 2> & 4% * HUh7 wme 4k ¥ b = #6 Bk o2 R (A549 ~ Hela ~ SCM1)
Kt £ PR3 W HEIOAFT R SRt £ A TF @ B Huh?
SRS SER IS - EUE D SO =S R A e 5 S R L A
AR L AW BT AT /A% - A4k 4 > & 110K human pooled
shRNA lentiviruses library pool 2 # 5 9984 i# shRNA > Huh7 fm®s k&2 ¥ #b = fb %
JE n 78 $h(A549 ~ HeLa ~ SCM1) £ [r 2 5 v 3| e shRNA & 713 423 & > /& E 307
BARF > dod w7 > EAID TS X T LA BARTN4 A T
3 Huh7 dm@e tkiz 5 vo 3] e shRNA B 7R3 334 B > & 3 303 B & %] > 4o

=g

I I IR R 5 ol B N PR o= f,.;f]g_ » H oAzt M4 o

18
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32 #I* RT-qPCR | 24+ % TDO2 z F]2_. shRNA afr ] o<
5

321 ™Mk }}% F R A A o fm e $ Huh7 » & B 2 TDO2
MRNA 7% L&

& F % clone ID 874 ~ 382 ~ 054 ~ 265 2. human TDO2 targeted ShRNA i
Fi# B % HUh7 w2tk £ 12 RT-gPCR ip| % HUh7 ‘w# $k TDO2 MRNA % B2 >
FEHRESE - v o #h s shRNAclone ID» 4dh i TDO2 mRNA sfp ¥t 4 & >
r2 scramble (randomly rearranging shRNA nucleotide sequence)# i+ 1 » clone ID 874
* % 0.16 > Fr4] Huh?7 m?z $k TDO2 mMRNA # B s &4F » ¥ ¢ £ scramble

B RS FLE -

3.22 1 ‘&:;];ai R 4] BUVFR P R Hepb5.1c 2 ip) _Tdo2 mRNA
* ¥

2 ¢ %% clone ID 33 ~ 34 ~ 35~ 36 ~ 37 2 mouse Tdo2 targeted ShRNA it 5

# B 4 Hepb5.1c fm?e t&» £ 12 RT-qPCR ] _Hep55.1c ‘w2 $k Tdo2 mRNA 14 R

o FHRESAB - o 0 i sShRNA clone ID > %igh i Tdo2 mRNA s4p %

& » 12 scramble § ¥ 1> clone ID 33 <= § % 0.5 Fr4] Hep55.1c ‘w*z $k Tdo2

MRNA # s % B4F > 2 22 scramble 2w 25 BF L B o

323 rlpd Al 8RR L e BNLLMEA » 8] 2 Tdo2
MRNA L8

14 & %% clone ID 33 ~ 34 ~ 35+ 36 ~ 37 2. mouse Tdo2 targeted ShRNA 3l

# & % BNLLMEA % % » £ 12 RT-qPCR i#] 2. BNLLMEA n% $k Tdo2 mRNA

iR o FERER 4B = #77 o F b5 ShRNA clone ID » % 5 Tdo2 mRNA

cjp ¥t % 8 > 2 scramble & 5 15 clone ID 33 + & % 0.5 #74] BNLL.MEA ‘m*#

’fﬁ Tdo2 mMRNA # I &»c & & 4F > e 27 scramble e %)t i 1 /}1"’5 &E%‘iﬂ .

19
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3.2.4 shRNA £ TDO2 & #1574 15

#-TDO2 targeted shRNA sequence £2 TDO2 £ #1127 Vector NTI & (7 & 71 F et
o R%ioB = -

Bl 77 > HRFHRSS > T3 AT A 85 TDO2 A F| ' PFehmig B 7|
(coding DNA sequence)k 3+ 5 ShRNA » Frd|2x % A%4F > & 72 B 85 7] 17 oo -
1 ShRNA errd] 2% $47 o 12 % & Tdo2 £ F]:h 3 UTR 2% 3+ ¢h shRNA » #rd]2%

B E4F o

325 mg > LB WP wre & Rpk B4 3 f (Tryptophan dioxygenase)
4 E

Ap e B nim e oo T E B o rUFEIRG vRpk 4§ BRen S BRPl ok R 3
0 Fend E o R % A4oB S AT 0 12 HUhT e R TE S B R e 0 Hela dm¥e &
L RE R4 F BF L X 5 48KDa> T 5 B Mg ] e HUh fm e thiz
7 - 43-55kDa 2 @ i ip| | " &g ¢ band - & % /2 T 74k shRNA clone 1D 33 Hhp #
& % 14 51 Hep55.1c m e tk ~ t scramble shRNA 3 4 g % 2 57 Hep55.1c ¥ &
A RAR A oe Hepbb.1c fm Pz & 18 B $] 9 band 7&{5 VREA A E R F0 o

326 1 MTT (3-(4,5-Dimethylthiazol-2-yl)-2,5-diphenyltetrazolium

bromide):# 5 ip| € _in Pz 3 2
#-4% ShRNA clone ID 33 Iﬁ},%% B % is e Hep55.1¢ m* x4t scramble ShRNA
‘&"fﬁi* B 4 15 eh Hep55.1¢ Mm% $ 11 2 A4k R 4 ¢ Hep55.1c im®e tk#2 % 5x10° B ‘m
B 243 e 1 & N e R AN WP ehylIa iR & fiF(succinate dehydrogenase)

frimrz ¢ % C(cytochrome C) ¢ #-F ¢ o MTT B 5 £ % ¢ <1 formazan & § >

\

2 1 & (isopropanol) #- formazan & &s 7% f# > £ 1% p| 2%k 2 7 &v formazan % &
12 X F o PR R ER LR e ) o % - ~ %= - 5T X R T ODsppxk
B B RAcB S TT o Wb A Bidhs ODspo R E 0 % -~ HFZ A
AR % 71 Hep55.1c %% tk ~ 4t shRNA clone ID 33 f# 5 4 g % {4 ¢7 Hep55.1¢ ‘m
Pz ¥R 23 4% scramble shRNA & 1,?54» ‘415 ¢ Hepbb.1¢ sm¥e k1 ODsyg ¥ 3k 15 £ 7

PoRTREFLRE M %I X ABR % Hepb5.1c Mz tk i ODsyo 5 % &
20
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v 4% shRNA clone ID 33 ']ﬁ:),%% B % is e Hep55.1¢c m % tk ~ 4 scramble sShRNA #
Fd B H 1S HepdS.lc mre kg 0 @ 2 &G REF LR 0 47 AME # 1 Hep55.1c
RLERVCEES 4 ORI EER: SR XL

327 | BE A 5

#- sShRNA clone 1D 33 f8 7 4 & % 4 ¢ Hep55.1c & BNL1L.MEA w* tk(Tdo2
MRNA # 3R £ & <) 12 2 4 scramble ShRNA & 7 # & % i4 ¢ Heps5.lc &
BNLLMEA ‘m# $k 4 % 12 L T ji 5f &% 955051 St 47~ A 48] 8 (C57BL/6 &
BALB/C) » & g2 "6 By et = o

C57BL/6 - BLA T L 54 b 4]~ “67% » fph i & oo i % A ]
# ShRNA clone 1D 33 $ & & % 6 9 Hep55.1c i e 23] & ch%h g v 4 scramble
ShRNA {5 4 & % {4 ¢ Hepb5.1¢ fm#e $h7) & cnthigs ] » 2 &%+ T T 8§ B ¥
Z8 it ¥ Lo =+ 2 tscramble shRNA s # g % 1 50 Hepb5.1c
kA E AR T oL RY f e &) BEgl o @4 shRNAclone ID 33 i 4 &
% 15 e HepS5.1c fw ¥ th) & crvigy » 1 &) R § = &) R 0 BRI H
4P o C57TBLI6 | BV FHGLME St X 4oB 4 #T7 > Hdhs X B Sidh 5
%] 4% shRNA clone ID 33 i g % {8 c0 HepS5.1c 'm¥e 23] & eyt 4t
scramble ShRNA B 7 # & % i 27 Hep55.1c fme $h7) % etz | » e 15 5 &) B
BER X # Lt lELER o

BALB/C | LA ¥ L5 S % e Bl 407 o f b 2 fio G i v ]
## ShRNA clone ID 33 f# 5 % B # & ¢/ BNLLMEA w2 $57) & ¢85 ¢ 4 scramble
ShRNA B s 4 & % 15 57 BNLLMEA % $52) % cimigg | > 2 515 | €L 47 § 3
€ 4G BEAR P A% LT % 205 4k shRNAclone ID 33 4 & % 1%
9 BNLLMEA ‘w2 122 & S B o | > &% = - % 218 > 4% scramble ShRNA
lfl}??i B # 14 7 BNLLMEA m?z 7 & e+ B 450 BALB/C /| BUF5gL
SRSk - TT o b X B GEhi Bl AR VLT o2
% &4k shRNAclone ID 33 8 5 # & % £ 9 BNLLMEA 'm %2 417 & chig; < |- 22
##% scramble ShRNA H5 4 & % & 59 BNLLMEA fm %2 k) & cidilg < [ £7 50 e
&%= -7 =2k shRNAclone ID 33 s 4 & % 1 57 BNLLMEA ‘w2 $k
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Aj = g v A scramble ShRNA B & & (8 5 BNLLMEA %2 $52) = et g
A ofei2 BEEF LB ¥ ¢higt scramble shRNA #5 # g 4 14 49 BNLLMEA ‘¥ 1k
Ay 7 & RY = &) B 0 @ 4t shRNAclone ID 33 fup 4 & %

1 BNLLMEA im® th2) & chviigy » 7 & 89 § - & ] K5 -
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fri  REEHG

12 110K human pooled shRNA lentiviruses library & 35 3% m%% 4 £ i B 2L
F] > £ * negative selection == 2 - F B X imie F THRE S B AE® L FIF
A e $R(THLE-3) » = ¥ %] 52 THLE-3 e thend L AR A 2 B4 4
TiEEF - wmres = > 2 F B R IT s A KR A w2 $A(BEAS-2B) kit 17
T FEF 5 U PES R G e T puromycin § 3 {8 0w flAR Gl (0 o
PREE R R E R A o FlARIme s E B2 o BT 0 BT 5 2R e A
FAAAMORA R A TER T B A e $h HUNT 2 5 Y = ik
T e R (4 BT U i e th ABAY S A BT FR e th Hela s 4 R im etk
SCM1) %k it {7 % > Huh7 ~ A549 ~ HeLa ~ SCM1 ‘w#z th £ I iL 3 3| ch ik F|F
W B e 2 £ e & B A 2 G HUhT e R v I FIRIE R SO
Fphmie 4 £ endF B A% o A A s * 110K human pooled shRNA lentiviruses library
pool 1Li& 7 S FM» ML RSB A HUNT e dken® — ~ 2 v T ~ >~ 4
- R BER MR A R % Huh? dmie g 30 12 puromycin 3 {802 § v 4 5] s shRNA
B bl b A4 £ 3 % > #0202z {82 110K human pooled shRNA
lentiviruses library pool 2 :& {7 Sk pF > |{ 71 % = R i 5 A 47 erpF P 8k o
BF G A ST o e bk HUNT 524 v R enfh F19 > & 4 A7 5 BEm o #rdl
RPS24[35] ~ CDC45[36] ~ CNPY2[37] -~ DIAPH1[38] -~ GNL3[39] + PHB2[40] -
TMEMO7[41] » ¢ & B im®e chd £ ~ 8~ BRI 4 51 BRFBREweF=
7 i & # I WARS[42] ~ CD38[43] ~ NSA2[44] » ¢ & Mm% et £ ~ 6 ~ 2R
C 4 Bi4c o 4 UTP15[45] - COPS2[46] % & € A Wi S 305 f ~ /| & iaiaphsy »
= o BCAS2 % #rfg 25 ¥] p53 1§ 34 & + (negative regulator)[47] - 2 ¢ GNL3 ¢ 3 #
1 B or 9% we 5 B > GNL3 &_guanine nucleotide binding protein-like 3 » #+n*e
T € # B F 1 GNL3 > GNL3 ¢ itie p27 L% it i¥* (ubiquitylation) ~ 2 =it - @
p27 &_cyclin dependent kinase inhibitor » { § 3 #2km%z 3F 8P o Fr4] GNL3 ¢ & p27
¢ CDK2- Cyclin E complex % & » CDK2 #tfrd] » E 3R fmoe i 8 12 0 > Frd| " im e
L E[39] e » 3 A% dpd o GNL3 ¢ 3 5 MDM2 iiie pd3 L & it &%
(MDM2-mediated p53 ubiquitination) » # p53 4 fi# » ® ¥ & % 3 GNL3 pF » ¢ & 5+
23
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w P2 i fw P2 443 305 3, (Sorafenib) shdult 3 4r 0 2 i GNL3 7 i 7 02 5 A Fim i
e fR[48] 0 ¥ b A PR A - RAuT ] o Frd] PAFAH2 € 5§ 4o oy o v
HAS 30 et 4 [49] 0 B & £ L EIFSF € @ o %% &= [50] o ¥ b T 0w A F)
(gene cluster) %k &~ 4772 5 v I enk F] o 5 v H I a0k Fl iR R S8 chd IR T
K B 0 R RT IUEE A ST e ' PR HUNT G2 5 v I A F] 0 B R[E S
2 Fldr 41 (knockdown) 2 £ ] 7] "f (knockout) % L4 B 4 = it 4 AR o

A FT § BT 0 Bl S R o vz (glioma cells) s TDO2 ~ AHR 4 %] » ¢
Frali SRR e chf B frd £ 4 o Ak B(nude mice) 5 #r4] TDO2 A& %]
k) ;ﬁr:;%;:smé A F R ) o 2 BB i NK e Pl o ] TDO2
A Flergd 50 R di v A A enr R Tk BV ) o ¥ 5 & IR Tdo2 e > e Ahr-
proficient mice +* Ahr- deficient mice = » -7 TDO2 ¥ 12 % i AHR X iB:E %8 B3 ‘m
et Ko Frdl g o ch TDO2 A F) > AHR @ 7 g7 14 » 7 00 % MR w2 4

+[34] - 3 # % & > aryl hydrocarbon receptor (AHR)# 14§ ¥ mitogenic growth
factor e 45 %% F]+ (transcriptional activator) » 5 AHR % i* BF > mitogenic growth
factor %_vascular endothelial growth factor A (VEGFA) -~ platelet-derived growth
factor (PDGF) ~ epiregulin ~ amphiregulin ~ fibroblast growth factor 9 (FGF9):& ¢ 3
4v 0 1LE %2 3 4 [51, 52] - #-4t shRNA clone ID 33 4 & % & 59 Hep55.1¢
"z ¥k 11 % 4 scramble ShRNA ‘&ini B % 18 e Hepbb.1c fm ¥ thit 17 mwe B 4 5 5% >
RS, Awmrand LR LA 5 0 BT A chR FIE_Hep55.1c i e thend
vicfs B4 & fF (tryptophan dioxygenase) % & % » ¥ & * shRNA clone ID 33 #r+]
Tdo2 # 7] > $rdsc%k S4F v v £ & Tdo2 mRNA sp$t £ E T % - L
BP0 L F LR T ] Tdo2 & F ¥ Frdlimre 4 £ chIk % o d  Reference database for
gene Expression Analysis(RefExA database) ¥ # Huh7 m®s 4k 7 TDO2 5 * & % >
Hela n?z ke TDO2 B E_1M & % o> &0 = % Bhi2 1 jp| & »=fs i 40 ¥ f= (tryptophan
dioxygenase) 7§ B 0 14 HUh7 'm?e th g e 28R 2> F15 &+ X 48 kDa shiz ¥ >
A WRID P AR band P AN I E G AT T A AR % Hep55.1c fm P kA ShRNA
clone ID 33 &f}%i R % 14 ¢ Hepb5.1¢ ‘m ¥z $& ~ 4 scramble ShRNA &1}%% B4 ts
Hep55.1c s ®e $k#7 1§ | T chband 3 5 & "Rpsf4c ¥ pF > 2R F 7 i 5 225 - Hah
Rl A i o ¥ *hs Jiip] Hepbb.1c fmPe fhend "efi g4 § IR A BB M > &2
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FE R ERE P o BEARG A B TDO2 ¥ v AHR K LB B nte sl
£oofes FATHT > LA K] B Prd) Tdo2 chimie 22 3p4] e mve A5 & eh
gl £ B[27]o4 3 B A 0 I 9 AHR € 22 cyclin-dependent kinase
inhibitor 1B (CDKN1B)sc# + % & » 1838 p27 14 o @ p27 ¢ #r+] retinoblastoma
protein(RB)gifs it » #r#]2& S phase 7 B A FIA R > A RwizxH iRt & Gl
phase: e m?e 4 £ opt ¢bs 5 it ch AHR ¢ 22 B-catenin % & > 1% AHR < ubiquitin
ligase =174 it » #- B-catenin ;2% i (ubiquitylation) » 4 f& B-catenin » 4|22 ‘w9z i¥
Y3 MR FA R Frdliore 2 £ o P BT AHR & mte 4 £ G0FT 3 AU e
e AP 0 &Y AP (In VIVO) RSN B (7 o fm e T dm e 3k P e (B RS
BT E S AHR Liie X S 2 £ > 8RB & AHR &1t % 27 £

R &k i (hyperphosphorylated)[53] » #7r2 p = 3% AHR £_F ¢ ifag e 4 &
W T e

t i T L5t BALB/C o) Bl 5 R B et A 0 BE AR PE] Tdo2 A Flend € R i
AT A SRS o] o) o RREFE R RBACFER R 0 F T g AL scramble
shRNA # _shRNA clone ID 33 &fﬁﬂ» B 4 16 e BNLLMEA ‘w9 $R7) =8 e B e
BRI AR R e p A s $ B % BNLLMEA e kot L T i3 g4
Aol B o MRS EREFPER R doa MR R DA A R JuplEF 5w
Frib o s R A R i 4 3 R ¥ AFRTLE IR A > 2§ At scramble
ShRNA & ¥_shRNA clone ID 33 Iﬁ},%# B 4 i¢ 59 BNLLMEA ‘w?2 {35 = 0% B >
3]5137; S AR oL = F»]y » A AEy - LT vz L xpEs Nﬂﬁ AN FE R A > A
i % &k scramble ShRNA ~shRNA clone ID 33 # s # & % t& ¢ BNLLMEA w2 &
AR (invivo)end £ B X frig o

g T i st CHTBL/6 | B F B ehdfA 0 % L T X B4k scramble shRNA
225 shRNA clone 1D 33 &f,}a% R % 14 e Hepb5.1c fm¥e $x A & erh s < ] B F L
fodm %+~ F 57 g A scramble shRNA £ £ shRNA clone ID
33 '[fz:},%-% B % 18 e Hep55.1¢ % 2] & chi gy 3R 3 $0 4 e -] o A% scramble

7‘—'1\

shRNA ~ shRNAclone ID 33 H 5 # & % & 51 Hep55.1¢ fw#e thehd £ i@ RARY - 7
M e LG B E AR oM RATHUI A 5 44 scramble sShRNA £ shRNA clone

ID 33 &I}%i B 2 {5 e Hepb5.1c m e HRA; X il 3 BEEF ARV AL A %) 5 B A
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AR S rHER o
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# — ~ A3 TDO2 targeted shRNA 5 7]

clone B 71(5°-3")

874 GAACATGCTTAAGGTTGTTTC
054 ATCATAACTCATCAAGCTTAT
382 GATGACCAAATGGAGATATAA
265 AGTGATAGGTACAAGGTATTT
4% = ~ & & Tdo2 targeted ShRNA & 7|
clone B 71(57-3")

33 GTGAGCGATTAGGAGGATTAA
34 GCCTGGAAGAAGAATTTCTAA
35 CCAAAGATGAATCCGATCATT
36 GCTGGAAAGAACACCTGGTTT
37 GCGCAAGAACTTCAGAGTGAA
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F Z N AR5

IR A (53 " i
Human GAPDH-F | AGCCTCAAGATCATCAGCAAT G GAPDH RT-gPCR
Human GAPDH-R | ATGGACTGTGGTCATGAGTCCTT GAPDH RT-gPCR
Human TDO2-F GGTTCCTCAGGCTATCACTACC TDO2 RT-gPCR
Human TDO2-R CAGTGTCGGGGAATCAGGT TDO2 RT-gPCR
Mouse Gapdh-F GCCTTCCGTGTTCCTACCC Gapdh RT-gPCR
Mouse Gapdh-R TGAAGTCGCAGGAGACAACC Gapdh RT-gPCR
Mouse Tdo2-F
AGGCATGGCTGGAAAGAACA Tdo2 RT-gPCR
(Hep55.1¢)
Mouse Tdo2-R
GAGTCGGTTTTAGCCTGAATCC Tdo2 RT-gPCR
(Hep55.1¢)
Mouse Tdo2-F
CTGGGGGATCCTCAGGCTAT Tdo2 RT-gPCR
(BNL1. MEA)
Mouse Tdo2-R
TGTCACTGTACTCGGCTGTG Tdo2 RT-gPCR
(BNL1. MEA)
Amplify shRNA
TRC1-F AGGCGCGCCGAGGGCCTATTTCCCATG
sequence
Amplify sShRNA
TRC2-F AGGCGCGCCAGAGAGGGCCTATTTCCCATG
sequence
Amplify sShRNA
LKO1&5-R TGTGGATGAATACTGCCATTTGTCTC
sequence
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% w ~ w8 e gk (HUh7 ~ A549 ~ Hela » SCM1)% I i2 4 %4 5| sk 7

Symbol shRNA Clone Gene description
percentage® | percentage®

ACTR8 4/423 4/5 ARPS8 actin-related protein 8 homolog (yeast)

GRAMD1A 4/423 4/5 GRAM domain containing 1A

PDCD6 4/423 4/5 programmed cell death 6

RPS15A 4/423 4/5 ribosomal protein S15a

TSTA3 4/423 4/5 tissue specific transplantation antigen P35B

ARCN1 3/423 3/5 archain 1

ARL2 3/423 3/5 ADP-ribosylation factor-like 2

ATP5E 3/423 3/5 ATP synthase, H+ transporting, mitochondrial F1
complex, epsilon subunit

COPB2 3/423 3/5 coatomer protein complex, subunit beta 2 (beta
prime)

COX6B1 3/423 3/5 Cytochrome c oxidase subunit VIb polypeptide 1
(ubiquitous)

DDX56 3/423 3/5 DEAD (Asp-Glu-Ala-Asp) box polypeptide 56

EIF3B 3/423 3/5 eukaryotic translation initiation factor 3, subunit B

EIF3M 3/423 3/5 eukaryotic translation initiation factor 3, subunit M

FSTL1 3/423 3/5 follistatin-like 1

FUNDC1 3/423 3/5 FUN14 domain containing 1

NHLRC2 3/423 3/5 NHL repeat containing 2

NUSAP1 3/423 3/5 nucleolar and spindle associated protein 1

RPL11 3/423 3/5 ribosomal protein L11

RPL18 3/423 3/5 ribosomal protein L18

RPL23 3/423 3/5 ribosomal protein L23

RPS12 3/423 3/5 ribosomal protein S12

RPS18 3/423 3/5 ribosomal protein S18

TXLNA 3/423 3/5 taxilin alpha

ZMAT3 3/423 3/5 zinc finger, matrin-type 3

ACTA2 2/423 2/5 actin, alpha 2, smooth muscle, aorta

AQR 2/423 2/5 aquarius homolog (mouse)

ATP2A2 21423 2/5 ATPase, Cat++ transporting, cardiac muscle, slow
twitch 2

ATP5J 21423 2/5 ATP synthase, H+ transporting, mitochondrial Fo
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complex, subunit F6

ATP6AP2 2/423 2/5 ATPase, H+ transporting, lysosomal accessory
protein 2

Cl5o0rf24 2/423 2/5 chromosome 15 open reading frame 24

DBNL 2/423 2/5 drebrin-like

DCTD 2/423 2/5 dCMP deaminase

DDX54 2/423 2/5 DEAD (Asp-Glu-Ala-Asp) box polypeptide 54

EIF3A 21423 2/5 eukaryotic translation initiation factor 3, subunit A

EIF5B 21423 2/5 eukaryotic translation initiation factor 5B

EXOSC8 2/423 2/5 exosome component 8

FAM113A 2/423 2/5 family with sequence similarity 113, member A

FAM113B 2/423 2/5 family with sequence similarity 113, member B

FAM136A 2/423 2/5 family with sequence similarity 136, member A

FAMBA1 2/423 2/5 family with sequence similarity 8, member Al

GDE1 2/423 2/5 glycerophosphodiester phosphodiesterase 1

GLA 2/423 2/5 galactosidase, alpha

GLB1L2 2/423 2/5 galactosidase, beta 1-like 2

GSTP1 21423 2/5 glutathione S-transferase pi 1

GTF3C6 2/423 2/5 general transcription factor 111C, polypeptide 6,
alpha 35kDa

IFT57 2/423 2/5 intraflagellar transport 57 homolog
(Chlamydomonas)

JAZF1 2/423 2/5 JAZF zinc finger 1

JUP 21423 2/5 junction plakoglobin

LDLR 2/423 2/5 low density lipoprotein receptor

MIA3 2/423 2/5 melanoma inhibitory activity family, member 3

MRPL22 2/423 2/5 mitochondrial ribosomal protein L22

NCEH1 2/423 2/5 neutral cholesterol ester hydrolase 1

NHP2L1 2/423 2/5 NHP2 non-histone chromosome protein 2-like 1 (S.
cerevisiae)

NPLOC4 2/423 2/5 nuclear protein localization 4 homolog (S.
cerevisiae)

OBFC1 2/423 2/5 oligonucleotide/oligosaccharide-binding fold
containing 1

OVCA2 2/423 2/5 ovarian tumor suppressor candidate 2
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PAPOLA 2/423 2/5 poly(A) polymerase alpha

PNN 2/423 2/5 pinin, desmosome associated protein

PSMDS8 2/423 2/5 proteasome (prosome, macropain) 26S subunit,
non-ATPase, 8

RABSA 2/423 2/5 RAB8A, member RAS oncogene family

RALB 2/423 2/5 v-ral simian leukemia viral oncogene homolog B (ras
related; GTP binding protein)

RBP1 2/423 2/5 retinol binding protein 1, cellular

RPL10 2/423 2/5 ribosomal protein L10

RPL14 21423 2/5 ribosomal protein L14

RPL27 21423 2/5 ribosomal protein L27

RPS11 2/423 2/5 ribosomal protein S11

RPS23 2/423 2/5 ribosomal protein S23

RRM1 2/423 2/5 ribonucleotide reductase M1

RRP36 2/423 2/5 ribosomal RNA processing 36 homolog (S.
cerevisiae)

RSRC1 21423 2/5 arginine/serine-rich coiled-coil 1

RPL27 21423 2/5 ribosomal protein L27

RPS11 2/423 2/5 ribosomal protein S11

RPS23 2/423 2/5 ribosomal protein S23

RRM1 2/423 2/5 ribonucleotide reductase M1

RRP36 2/423 2/5 ribosomal RNA processing 36 homolog (S.
cerevisiae)

RPL27 21423 2/5 ribosomal protein L27

RPS11 21423 2/5 ribosomal protein S11

RPS23 2/423 2/5 ribosomal protein S23

TMEM120A | 2/423 2/5 transmembrane protein 120A

TMEMA49 2/423 2/5 transmembrane protein 49

TMEMT70 2/423 2/5 transmembrane protein 70

WBP11 2/423 2/5 WW domain binding protein 11

WDR6 2/423 2/5 WD repeat domain 6

WLS 2/423 2/5 wntless homolog (Drosophila)

TMEM120A | 2/423 2/5 transmembrane protein 120A

TMEM120A | 2/423 2/5 transmembrane protein 120A

TMEMA49 2/423 2/5 transmembrane protein 49
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1 W5 At 3]s =0 el B G4 B ARSI e

2. shRNA percentage: = #& 0% tk(Huh7 ~ A549 ~ HeLa ~ SCM1) e iX 5 *“ ¥+ 3|5
targeted ShRNA sequence 73+t i) > & e 72 5 ¢ ¥F 5| s targeted ShRNA sequence 5 423
[

3. clone percentage: ¢ A& Fla vt 3 eni #ic > & B A F5 5 1 targeted ShRNA

sequence
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F T R AT R o HUNT G R ek F

shRNA Clone o
Symbol ) 5 | Gene description
percentage“ | percentage
NUTF2 4/334 4/5 Nucleartransport factor 2
HAUS1 3/334 3/5 HAUS augmin-like complex, subunit 1
RPS24 3/334 3/5 ribosomal protein S24
UTP15, U3 small nucleolar ribonucleoprotein,
UTP15 3/334 3/5 o
homolog (S. cerevisiae)
WARS 3/334 3/5 tryptophanyl-tRNA synthetase
BCAS2 2/334 2/5 breast carcinoma amplified sequence 2
CD38 2/334 2/5 CD38 molecule
CDC45 2/334 2/5 cell division cycle 45 homolog (S. cerevisiae)
CHMP2A | 2/334 2/5 chromatin modifying protein 2A
CNPY2 2/334 2/5 canopy 2 homolog (zebrafish)
COP9 constitutive photomorphogenic homolog
COPS2 2/334 2/5 ) ) _
subunit 2 (Arabidopsis)
DIAPH1 | 2/334 2/5 diaphanous homolog 1 (Drosophila)
eukaryotic translation initiation factor 3, subunit
EIF3F 2/334 2/5 .
EXOC3 2/334 2/5 exocyst complex component 3
GAR1 2/334 2/5 GARL ribonucleoprotein homolog (yeast)
guanine nucleotide binding protein-like 3
GNL3 2/334 2/5
(nucleolar)
KDSR 2/334 2/5 3-ketodihydrosphingosine reductase
NSA2 ribosome biogenesis homolog (S.
NSA2 2/334 2/5 o
cerevisiae)
platelet-activating factor acetylhydrolase 2,
PAFAH2 | 2/334 2/5
40kDa
PHB2 2/334 2/5 prohibitin 2
PPHLN1 | 2/334 2/5 periphilin 1
PREB 2/334 2/5 prolactin regulatory element binding
RPS23 2/334 2/5 ribosomal protein S23
33
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TMEM97

2/334

2/5

transmembrane protein 97

USMG5

2/334

2/5

up-regulated during skeletal muscle growth 5

homolog (mouse)

1 W5 At 3] b =0 el G AL B ARSI e

2. shRNA percentage: ¥ 7 Huh7 im®s /2 5 v* %} 5| sitargeted ShRNA sequence 4+

b+ £ Huh7 fm % th

Ea

YL 44 3] e targeted ShRNA sequence 3 334

3. clone percentage: 7k Flat it ¥ 3l en=ific o = B A F1F 5 B targeted ShRNA

sequence
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Huh?7

Relative TDO2 mRNA expression

shRNA

Bl - ~ 27  shRNA #r4] Huh7 'w% $k TDO2 £ Flend I &
#. clone ID 874 human TDO2 targeted ShRNA 5 # j& % {8 €0 Huh7 'm 7z 4k
TDO2 MRNA sfp £ RE 51X > <= 5% 016> ¥ 2 scramble 4p+ 3 22 % £ £ o
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Hep55.1c
6.0

4.5+ ‘
3.0+

20—
1.54

10-T

0.5- . T
0.0 :

shRNA

Relative Tdo2 mRNA expression

B = ~ 27 & shRNA #r4] Hep55.1c w®z $& Tdo2 # Flenk &
# clone ID 33 mouse Tdo2 targeted sShRNA '&:},%i e 4 18 e Hep55.1c % & »
Tdo2 mRNA crp 4t 2 BB M > £ 5% 050
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BNL1.MEA

| Mazk

Relative Tdo2 mRNA expression
7

shRNA

B = >~ 27 r ShRNA #r#4] BNL1.MEA m7% $k Tdo2 & Flen& &
4 clone ID 33 mouse Tdo2 targeted shRNA '&:){%% B 4 4 59 BNL1.MEA ‘w2
tk > TAO2 MRNA srfp £ R E &K > ~ 5 050
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Human TDOZ gene

B = -~ Human TDOZ2 targeted ShRNA sequence £2 4 g TDO2 & F1 B 7|\t ¥+ %

#-human TDO?2 targeted ShRNA sequence ¥ + g TDO2 £ ]2 Vector NTI i& {7
Br|tantyt,d TDO2 L F 1+ #3 T # - ik B ¥ 5 rclone €054~ 874~ 382 ~
265 -

Mouse Tdo2 gene

Bl I -~ Mouse Tdo2 targeted ShRNA sequence £ £ & Tdo2 & F1 & 7| #12 %

#-mouse Tdo2 targeted ShRNA sequence £ & & Tdo2 zk #]:2 Vector NTI i& {7 &
Fl et gt o d Tdo2 AP 53 T kA ¥ hclone £.33-35~34~36
37 -
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e — Rabbit anti-TDO2

43 — 1: 1000

g %
36kDa “ — Mouse anti-GAPDH
- 1 1: 8000

Bl =~ d > &ERE R mee & vRfk 4 § % (tryptophan dioxygenase)c% T E
#eAp e B el re Fod T E Bgh v PR S SRR A § P S BRPUI R B
2 (% - 715 AR % e HepS5.1c Pz k5 % = 71 & A4k scramble shRNA 5
B %15 ¢ Hepb5.1c Mm#e 4k 5 % = 7] 5 4% ShRNA clone ID 33 M4 g % & ¢
Hep55.1c ‘m#e th 5 % w 5| 5 B4l e Huh7 fmez tk 5 % 7 7] 5 IS 4241 2 Hela

fmRefR) 0§ IRfL 4 § fR IR £ o) % 5 48 kDa - GAPDH % % internal control -
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Cell proliferation- MTT assay
2.0

-~ Hepb5.1c
- scramble shRNA
1.5 — 33 shRNA
o
5
8 1.04 *ok
0.5
D-OF I 1 1
2 4 6
days

B =~ 0 MTT 325 R T e 3 4

3 A& AP P e e A LR % 0 Hep55.1c m#e A ~ 4t scramble ShRNA 8 75 4 &
% t¢ 51 Hep55.1c fw #2 th{ris sShRNA clone ID 33 i &+ & % & ¢ Hep55.1c s k-
ThF- v T ARBWERHI > ¥ T X KRR % Hepb5.1c dmiE heh
ODs7p 7 3k i v+ 4 shRNA clone ID 33 '&:))%i B % {4 e Hepbb.1c fm %z $k 4% scramble
ShRNA 55 % & % {8 e Hep55.1c ™ 2% » 2 F ¥ L & -
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C57BL/6
(subcutaneous injection: 1x10° Hep55.1c cells)

*

807  |—
— " m scramble shRNA
€ 4 33 shRNA
£ 60-
g " =,
3 401 = n -
> -,
g 20{ = | s . —
= % = =,
0 B - . IV,
Days

B ~ ~ A Tiis 3 C57BL/6 ) Bk gLdrd] Tdo2 765 4 = el 58
#. SshRNA clone ID 33 M4 & % 1 €0 HepdS.1c 'm ™z $7) = cidi g5 b 4
scramble shRNA B 5 4 & % 14 591 HepS5.1c km#e $12) & cn¥fifs | » &% -3 X £ 5

MELR LAY Lo LA R MELE

41

doi:10.6342/NTU201702453



C57BL/6
(liver injection: 1x10® Hep55.1c cells)

800+
- m  scramble shRNA
E u 4 33 shRNA
£ 6004 -
[<})
£
= 400- u
9 A
£
g 200{ m o =
= = A
— = N
0 !—.ﬁ' . A
Days
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Symbol ShRNA Clone Gene description
percentage’ | percentage?

AAGAB 1/423 1/5 alpha- and gamma-adaptin binding protein

ABCC2 1/423 1/5 ATP-binding cassette, sub-family C (CFTR/MRP), member 2

ABCF2 1/423 1/5 ATP-binding cassette, sub-family F (GCN20), member 2

ACO2 1/423 1/5 aconitase 2, mitochondrial

ADORA2B 1/423 1/5 adenosine A2b receptor

AGPAT?2 1/423 1/5 1-acylglycerol-3-phosphate O-acyltransferase 2 (lysophosphatidic acid
acyltransferase, beta)

AMD1 1/423 1/5 adenosylmethionine decarboxylase 1

ANXAL 1/423 1/5 annexin Al

ANXA2 1/423 1/5 annexin A2

ANXA4 1/423 1/5 annexin A4

AP2A1 1/423 1/5 adaptor-related protein complex 2, alpha 1 subunit

APOL2 1/423 1/5 apolipoprotein L, 2

ARHGAP39 | 1/423 1/5 Rho GTPase activating protein 39

ARPC4 1/423 1/5 actin related protein 2/3 complex, subunit 4, 20kDa

ATP5G3 1/423 1/5 ATP synthase, H+ transporting, mitochondrial Fo complex, subunit
C3 (subunit 9)

ATP6VOD1 1/423 1/5 ATPase, H+ transporting, lysosomal 38kDa, VO subunit d1

B4GALT?2 1/423 1/5 UDP-Gal:betaGIcNAc beta 1,4- galactosyltransferase, polypeptide 2

BAT1 1/423 1/5 HLA-B associated transcript 1

BEX4 1/423 1/5 brain expressed, X-linked 4

BST2 1/423 1/5 bone marrow stromal cell antigen 2

C180rf32 1/423 1/5 chromosome 18 open reading frame 32

C200rf30 1/423 1/5 chromosome 20 open reading frame 30

C5orf51 1/423 1/5 chromosome 5 open reading frame 51

CASC3 1/423 1/5 cancer susceptibility candidate 3

CBY1 1/423 1/5 chibby homolog 1 (Drosophila)

CCNK 1/423 1/5 cyclin K

CD151 1/423 1/5 CD151 molecule (Raph blood group)

CcDC27 1/423 1/5 cell division cycle 27 homolog (S. cerevisiae)

CDC42 1/423 1/5 cell division cycle 42 (GTP binding protein, 25kDa)

CDC5L 1/423 1/5 CDCS5 cell division cycle 5-like (S. pombe)

CDCA3 1/423 1/5 cell division cycle associated 3

CDH19 1/423 1/5 cadherin 19, type 2
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CDIPT 1/423 1/5 CDP-diacylglycerol--inositol 3-phosphatidyltransferase
CHMP2A 1/423 1/5 chromatin modifying protein 2A
CHPT1 1/423 1/5 choline phosphotransferase 1
CLCN7 1/423 1/5 chloride channel 7
CLPTM1L 1/423 1/5 CLPTM1-like
CMAS 1/423 1/5 cytidine monophosphate N-acetylneuraminic acid synthetase
CMTM3 1/423 1/5 CKLF-like MARVEL transmembrane domain containing 3
CNDP2 1/423 1/5 CNDRP dipeptidase 2 (metallopeptidase M20 family)
COMMDS8 1/423 1/5 COMM domain containing 8
COPs4 1/423 1/5 COP9 constitutive photomorphogenic homolog subunit 4
(Arabidopsis)
COQ10A 1/423 1/5 coenzyme Q10 homolog A (S. cerevisiae)
COTL1 1/423 1/5 coactosin-like 1 (Dictyostelium)
COX6C 1/423 1/5 cytochrome ¢ oxidase subunit Vic
COXTA2L 1/423 1/5 cytochrome ¢ oxidase subunit VIla polypeptide 2 like
CRLS1 1/423 1/5 cardiolipin synthase 1
DDX49 1/423 1/5 DEAD (Asp-Glu-Ala-Asp) box polypeptide 49
DEM1 1/423 1/5 defects in morphology 1 homolog (S. cerevisiae)
DHRS3 1/423 1/5 dehydrogenase/reductase (SDR family) member 3
DIAPH1 1/423 1/5 diaphanous homolog 1 (Drosophila)
DNM1 1/423 1/5 dynamin 1
DPM2 1/423 1/5 dolich_yl—phosphate mannosyltransferase polypeptide 2, regulatory
EIF1AX 1/423 1/5 Zﬂil;?;/;tic translation initiation factor 1A, X-linked
EIF2S2 1/423 1/5 eukaryotic translation initiation factor 2, subunit 2 beta, 38kDa
EIF3G 1/423 1/5 eukaryotic translation initiation factor 3, subunit G
EMP3 1/423 1/5 epithelial membrane protein 3
EP400 1/423 1/5 E1A binding protein p400
EPB41L2 1/423 1/5 erythrocyte membrane protein band 4.1-like 2
EPRS 1/423 1/5 glutamyl-prolyl-tRNA synthetase
ERCC1 1/423 1/5 excision repair cross-complementing rodent repair deficiency,
complementation group 1 (includes overlapping antisense sequence)
ESRRA 1/423 1/5 estrogen-related receptor alpha
EXOC3 1/423 1/5 exocyst complex component 3
EXOC7 1/423 1/5 exocyst complex component 7
EXOSC2 1/423 1/5 exosome component 2
FAM162A 1/423 1/5 family with sequence similarity 162, member A
FAM178A 1/423 1/5 family with sequence similarity 178, member A
FAM21C 1/423 1/5 family with sequence similarity 21, member C
FAM98C 1/423 1/5 family with sequence similarity 98, member C
FANCF 1/423 1/5 Fanconi anemia, complementation group F
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FANCL 1/423 1/5 Fanconi anemia, complementation group L

FHIT 1/423 1/5 fragile histidine triad gene

FIP1L1 1/423 1/5 FIP1 like 1 (S. cerevisiae)

GALNT1 1/423 1/5 UDP-N-acetyl-alpha-D-galactosamine:polypeptide
N-acetylgalactosaminyltransferase 1 (GalNAc-T1)

GLDC 1/423 1/5 glycine dehydrogenase (decarboxylating)

GLTSCR2 1/423 1/5 glioma tumor suppressor candidate region gene 2

GNA1l1 1/423 1/5 guanine nucleotide binding protein (G protein), alpha 11 (Gq class)

GNPDA2 1/423 1/5 glucosamine-6-phosphate deaminase 2

GNS 1/423 1/5 glucosamine (N-acetyl)-6-sulfatase

GPR115 1/423 1/5 G protein-coupled receptor 115

GRB14 1/423 1/5 growth factor receptor-bound protein 14

H2AFV 1/423 1/5 H2A histone family, member V

HARS 1/423 1/5 histidyl-tRNA synthetase

HAT1 1/423 1/5 histone acetyltransferase 1

HDHD?2 1/423 1/5 haloacid dehalogenase-like hydrolase domain containing 2

HINT1 1/423 1/5 histidine triad nucleotide binding protein 1

HISTIH2AC | 1/423 1/5 histone cluster 1, H2ac

HMBS 1/423 1/5 hydroxymethylbilane synthase

HNRNPK 1/423 1/5 heterogeneous nuclear ribonucleoprotein K

HPRT1 1/423 1/5 hypoxanthine phosphoribosyltransferase 1

HSCB 1/423 1/5 HscB iron-sulfur cluster co-chaperone homolog (E. coli)

HSDL2 1/423 1/5 hydroxysteroid dehydrogenase like 2

IFT20 1/423 1/5 intraflagellar transport 20 homolog (Chlamydomonas)

IL10RB 1/423 1/5 interleukin 10 receptor, beta

JMJID8 1/423 1/5 jumonji domain containing 8

KDELR1 1/423 1/5 KDEL (Lys-Asp-Glu-Leu) endoplasmic reticulum protein retention
receptor 1

KIF13A 1/423 1/5 kinesin family member 13A

KIF3B 1/423 1/5 kinesin family member 3B

KNTC1 1/423 1/5 kinetochore associated 1

KPNA2 1/423 1/5 karyopherin alpha 2 (RAG cohort 1, importin alpha 1)

LYPLA1 1/423 1/5 lysophospholipase |

LYPLA2 1/423 1/5 lysophospholipase 11

MCM3AP 1/423 1/5 minighromosome maintenance complex component 3 associated

MEGF9 1/423 1/5 ﬁ:SIt;:)nle EGF-like-domains 9

METAP2 1/423 1/5 methionyl aminopeptidase 2

MMS19 1/423 1/5 MMS19 nucleotide excision repair homolog (S. cerevisiae)

MPDU1 1/423 1/5 mannose-P-dolichol utilization defect 1

MPI 1/423 1/5 mannose phosphate isomerase

50

doi:10.6342/NTU201702453



MRAP2 1/423 1/5 melanocortin 2 receptor accessory protein 2

MRPL24 1/423 1/5 mitochondrial ribosomal protein L24

MRPL4 1/423 1/5 mitochondrial ribosomal protein L4

MRTO4 1/423 1/5 mRNA turnover 4 homolog (S. cerevisiae)

MTHFD1 1/423 1/5 methylenetetrahydrofolate dehydrogenase (NADP+ dependent) 1,
methenyltetrahydrofolate cyclohydrolase, formyltetrahydrofolate
synthetase

MYL5 1/423 1/5 myosin, light chain 5, regulatory

MYL6 1/423 1/5 myosin, light chain 6, alkali, smooth muscle and non-muscle

N4BP1 1/423 1/5 NEDD4 binding protein 1

NAA10 1/423 1/5 N(alpha)-acetyltransferase 10, NatA catalytic subunit

NAF1 1/423 1/5 nuclear assembly factor 1 homolog (S. cerevisiae)

NAGA 1/423 1/5 N-acetylgalactosaminidase, alpha-

NCAPG2 1/423 1/5 non-SMC condensin Il complex, subunit G2

NCBP2 1/423 1/5 nuclear cap binding protein subunit 2, 20kDa

NCOR2 1/423 1/5 nuclear receptor corepressor 2

NDFIP2 1/423 1/5 Nedd4 family interacting protein 2

NDUFS4 1/423 1/5 NADH dehydrogenase (ubiquinone) Fe-S protein 4, 18kDa
(NADH-coenzyme Q reductase)

NLN 1/423 1/5 neurolysin (metallopeptidase M3 family)

NNMT 1/423 1/5 nicotinamide N-methyltransferase

NNT 1/423 1/5 nicotinamide nucleotide transhydrogenase

NOC2L 1/423 1/5 nucleolar complex associated 2 homolog (S. cerevisiae)

NQO2 1/423 1/5 NAD(P)H dehydrogenase, quinone 2

NUDT18 1/423 1/5 nudix (nucleoside diphosphate linked moiety X)-type motif 18

NUDT2 1/423 1/5 nudix (nucleoside diphosphate linked moiety X)-type motif 2

NXN 1/423 1/5 nucleoredoxin

NXPH4 1/423 1/5 neurexophilin 4

ODC1 1/423 1/5 ornithine decarboxylase 1

ODF2 1/423 1/5 outer dense fiber of sperm tails 2

OPA1l 1/423 1/5 optic atrophy 1 (autosomal dominant)

0Ss9 1/423 1/5 osteosarcoma amplified 9, endoplasmic reticulum lectin

OSBPL10 1/423 1/5 oxysterol binding protein-like 10

OSGEP 1/423 1/5 O-sialoglycoprotein endopeptidase

P4HB 1/423 1/5 prolyl 4-hydroxylase, beta polypeptide

PCM1 1/423 1/5 pericentriolar material 1

PFKM 1/423 1/5 phosphofructokinase, muscle

PGRMC1 1/423 1/5 progesterone receptor membrane component 1

PIGK 1/423 1/5 phosphatidylinositol glycan anchor biosynthesis, class K

PMAIP1 1/423 1/5 phorbol-12-myristate-13-acetate-induced protein 1

PNPLA4 1/423 1/5 patatin-like phospholipase domain containing 4
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POLA1 1/423 1/5 polymerase (DNA directed), alpha 1, catalytic subunit
POLRMT 1/423 1/5 polymerase (RNA) mitochondrial (DNA directed)
PPIB 1/423 1/5 peptidylprolyl isomerase B (cyclophilin B)
PPIE 1/423 1/5 peptidylprolyl isomerase E (cyclophilin E)
PRDX3 1/423 1/5 peroxiredoxin 3
PRPF6 1/423 1/5 PRP6 pre-mRNA processing factor 6 homolog (S. cerevisiae)
PSMC6 1/423 1/5 proteasome (prosome, macropain) 26S subunit, ATPase, 6
PTPLAD2 1/423 1/5 protein tyrosine phosphatase-like A domain containing 2
PWP1 1/423 1/5 PWP1 homolog (S. cerevisiae)
PXN 1/423 1/5 paxillin
PYCR1 1/423 1/5 pyrroline-5-carboxylate reductase 1
RARS 1/423 1/5 arginyl-tRNA synthetase
RBM47 1/423 1/5 RNA binding motif protein 47
REXO2 1/423 1/5 REX2, RNA exonuclease 2 homolog (S. cerevisiae)
RHBDF2 1/423 1/5 rhomboid 5 homolog 2 (Drosophila)
RICTOR 1/423 1/5 RPTOR independent companion of MTOR, complex 2
RPL17 1/423 1/5 ribosomal protein L17
RPL26L1 1/423 1/5 ribosomal protein L26-like 1
RPL3 1/423 1/5 ribosomal protein L3
RPL37A 1/423 1/5 ribosomal protein L37a
RPL5 1/423 1/5 ribosomal protein L5
RPS17 1/423 1/5 ribosomal protein S17
RPS20 1/423 1/5 ribosomal protein S20
RSRC2 1/423 1/5 arginine/serine-rich coiled-coil 2
SCARF1 1/423 1/5 scavenger receptor class F, member 1
SCO1 1/423 1/5 SCO cytochrome oxidase deficient homolog 1 (yeast)
SDAD1 1/423 1/5 SDA1 domain containing 1
SEC61A1 1/423 1/5 Sec61 alpha 1 subunit (S. cerevisiae)
SERPINE1 1/423 1/5 serpin peptidase inhibitor, clade E (nexin, plasminogen activator
inhibitor type 1), member 1
SIAE 1/423 1/5 sialic acid acetylesterase
SLC16A13 1/423 1/5 solute carrier family 16, member 13 (monocarboxylic acid transporter
SLC23A2 1/423 1/5 ;Losl)ute carrier family 23 (nucleobase transporters), member 2
SLC25A14 1/423 1/5 solute carrier family 25 (mitochondrial carrier, brain), member 14
SLC35E2 1/423 1/5 solute carrier family 35, member E2
SLC39A7 1/423 1/5 solute carrier family 39 (zinc transporter), member 7
SLC50A1 1/423 1/5 solute carrier family 50 (sugar transporter), member 1
SMN2 1/423 1/5 survival of motor neuron 2, centromeric
SNRNP200 1/423 1/5 small nuclear ribonucleoprotein 200kDa (U5)
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SNRNP27 1/423 1/5 small nuclear ribonucleoprotein 27kDa (U4/U6.U5)
SNRPC 1/423 1/5 small nuclear ribonucleoprotein polypeptide C

SNRPD?2 1/423 1/5 small nuclear ribonucleoprotein D2 polypeptide 16.5kDa
SNRPE 1/423 1/5 small nuclear ribonucleoprotein polypeptide E

SNX2 1/423 1/5 sorting nexin 2

SNX30 1/423 1/5 sorting nexin family member 30

SPPL3 1/423 1/5 signal peptide peptidase 3

SPSB1 1/423 1/5 splA/ryanodine receptor domain and SOCS box containing 1
SRBD1 1/423 1/5 S1 RNA binding domain 1

SRGAP1 1/423 1/5 SLIT-ROBO Rho GTPase activating protein 1

SSR4 1/423 1/5 signal sequence receptor, delta (translocon-associated protein delta)
SUSD1 1/423 1/5 sushi domain containing 1

SV2A 1/423 1/5 synaptic vesicle glycoprotein 2A

SYMPK 1/423 1/5 symplekin

TACC2 1/423 1/5 transforming, acidic coiled-coil containing protein 2
TAX1BP1 1/423 1/5 Tax1 (human T-cell leukemia virus type I) binding protein 1
TCP11L1 1/423 1/5 t-complex 11 (mouse)-like 1

TGS1 1/423 1/5 trimethylguanosine synthase 1

TMCO1 1/423 1/5 transmembrane and coiled-coil domains 1

TMEM183A | 1/423 1/5 transmembrane protein 183A

TMEM50B 1/423 1/5 transmembrane protein 50B

TMX2 1/423 1/5 thioredoxin-related transmembrane protein 2

TNFAIP2 1/423 1/5 tumor necrosis factor, alpha-induced protein 2

TRIB3 1/423 1/5 tribbles homolog 3 (Drosophila)

TSPYL2 1/423 1/5 TSPY-like 2

TXN 1/423 1/5 thioredoxin

UQCRC2 1/423 1/5 ubiquinol-cytochrome c reductase core protein Il

UTP11L 1/423 1/5 UTP11-like, U3 small nucleolar ribonucleoprotein, (yeast)
VPS54 1/423 1/5 vacuolar protein sorting 54 homolog (S. cerevisiae)
WBSCR16 1/423 1/5 Williams-Beuren syndrome chromosome region 16
WDR11 1/423 1/5 WD repeat domain 11

WDR18 1/423 1/5 WD repeat domain 18

WDR46 1/423 1/5 WD repeat domain 46

WDR92 1/423 1/5 WD repeat domain 92

ZDHHC7 1/423 1/5 zinc finger, DHHC-type containing 7

ZMPSTE24 | 1/423 1/5 zinc metallopeptidase (STE24 homolog, S. cerevisiae)
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Symbol shRNA Clone Gene description
percentage’ | percentage’
AADAT 1/334 1/5 aminoadipate aminotransferase
ABCB7 1/334 1/5 ATP-binding cassette, sub-family B (MDR/TAP),
member 7
ABHD12 1/334 1/5 abhydrolase domain containing 12
ABHD5 1/334 1/5 abhydrolase domain containing 5
ACO2 1/334 1/5 aconitase 2, mitochondrial
ADIPOR1 1/334 1/5 adiponectin receptor 1
ADORA2B 1/334 1/5 adenosine A2b receptor
ADRM1 1/334 1/5 adhesion regulating molecule 1
AGRN 1/334 1/5 agrin
AHRR 1/334 1/5 aryl-hydrocarbon receptor repressor
AK3 1/334 1/5 adenylate kinase 3
AK4 1/334 1/5 adenylate kinase 4
AKAP12 1/334 1/5 A kinase (PRKA) anchor protein 12
ALDH18A1 | 1/334 1/5 aldehyde dehydrogenase 18 family, member Al
AMOTL1 1/334 1/5 angiomotin like 1
ANKHD1 1/334 1/5 ankyrin repeat and KH domain containing 1
ANKRD11 1/334 1/5 ankyrin repeat domain 11
ANKRD13A | 1/334 1/5 ankyrin repeat domain 13A
ANXA1 1/334 1/5 annexin Al
AP1AR 1/334 1/5 adapt_or—related protein complex 1 associated regulatory
AP1G1 1/334 1/5 g(;(;tpet?r—related protein complex 1, gamma 1 subunit
APRT 1/334 1/5 adenine phosphoribosyltransferase
ARF4 1/334 1/5 ADP-ribosylation factor 4
ARG2 1/334 1/5 arginase, type Il
ARHGAP19 | 1/334 1/5 Rho GTPase activating protein 19
ARHGDIG 1/334 1/5 Rho GDP dissociation inhibitor (GDI) gamma
ARHGEF11 | 1/334 1/5 Rho guanine nucleotide exchange factor (GEF) 11
ARL2 1/334 1/5 ADP-ribosylation factor-like 2
ARMC1 1/334 1/5 armadillo repeat containing 1
ATMIN 1/334 1/5 ATM interactor
ATP1B1 1/334 1/5 ATPase, Na+/K+ transporting, beta 1 polypeptide
ATP6AP1 1/334 1/5 ATPase, H+ transporting, lysosomal accessory protein 1
AUH 1/334 1/5 AU RNA binding protein/enoyl-CoA hydratase
BOLA3 1/334 1/5 bolA homolog 3 (E. coli)
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BRIP1 1/334 1/5 BRCAL interacting protein C-terminal helicase 1

BTBD11 1/334 1/5 BTB (POZ) domain containing 11

BZW2 1/334 1/5 basic leucine zipper and W2 domains 2

C15orf24 1/334 1/5 chromosome 15 open reading frame 24

C21lorf4s 1/334 1/5 chromosome 21 open reading frame 45

C21orf70 1/334 1/5 chromosome 21 open reading frame 70

C5orf28 1/334 1/5 chromosome 5 open reading frame 28

CT7orf27 1/334 1/5 chromosome 7 open reading frame 27

C9orf80 1/334 1/5 chromosome 9 open reading frame 80

C9orfal 1/334 1/5 chromosome 9 open reading frame 91

CAST 1/334 1/5 calpastatin

CCDC117 1/334 1/5 coiled-coil domain containing 117

CCDC34 1/334 1/5 coiled-coil domain containing 34

CCDC51 1/334 1/5 coiled-coil domain containing 51

CCNB2 1/334 1/5 cyclin B2

CD55 1/334 1/5 CD55 molecule, decay accelerating factor for
complement (Cromer blood group)

CDKN1A 1/334 1/5 cyclin-dependent kinase inhibitor 1A (p21, Cipl)

CEP63 1/334 1/5 centrosomal protein 63kDa

CEP68 1/334 1/5 centrosomal protein 68kDa

CES3 1/334 1/5 carboxylesterase 3

CFDP1 1/334 1/5 craniofacial development protein 1

CHST7 1/334 1/5 carbohydrate (N-acetylglucosamine 6-O)
sulfotransferase 7

COPG 1/334 1/5 coatomer protein complex, subunit gamma

COPSs4 1/334 1/5 COP9 constitutive photomorphogenic homolog subunit
4 (Arabidopsis)

COPS6 1/334 1/5 COP9 constitutive photomorphogenic homolog subunit
6 (Arabidopsis)

COPz1 1/334 1/5 coatomer protein complex, subunit zeta 1

COPz2 1/334 1/5 coatomer protein complex, subunit zeta 2

CORO2A 1/334 1/5 coronin, actin binding protein, 2A

COXT7A2 1/334 1/5 cytochrome ¢ oxidase subunit VVlla polypeptide 2 (liver)

CPLX2 1/334 1/5 complexin 2

CSE1L 1/334 1/5 CSE1 chromosome segregation 1-like (yeast)

CYBA 1/334 1/5 cytochrome b-245, alpha polypeptide

CyC1 1/334 1/5 cytochrome c-1

DAP 1/334 1/5 death-associated protein

DDX54 1/334 1/5 DEAD (Asp-Glu-Ala-Asp) box polypeptide 54

DDX56 1/334 1/5 DEAD (Asp-Glu-Ala-Asp) box polypeptide 56

DERL2 1/334 1/5 Derl-like domain family, member 2
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DHX57 1/334 1/5 DEAH (Asp-Glu-Ala-Asp/His) box polypeptide 57

DNAJC21 1/334 1/5 DnaJ (Hsp40) homolog, subfamily C, member 21

DPM2 1/334 1/5 dolichyl-phosphate mannosyltransferase polypeptide 2,
regulatory subunit

DTL 1/334 1/5 denticleless homolog (Drosophila)

DUS4L 1/334 1/5 dihydrouridine synthase 4-like (S. cerevisiae)

DYNCI1LI1 | 1/334 1/5 dynein, cytoplasmic 1, light intermediate chain 1

ECHS1 1/334 1/5 enoyl CoA hydratase, short chain, 1, mitochondrial

EEF1B2 1/334 1/5 eukaryotic translation elongation factor 1 beta 2

EID1 1/334 1/5 EP300 interacting inhibitor of differentiation 1

EIF1AY 1/334 1/5 eukaryotic translation initiation factor 1A, Y-linked

EIF2B3 1/334 1/5 eukaryotic translation initiation factor 2B, subunit 3
gamma, 58kDa

EIF2B5 1/334 1/5 eukaryotic translation initiation factor 2B, subunit 5
epsilon, 82kDa

ENAH 1/334 1/5 enabled homolog (Drosophila)

ENG 1/334 1/5 endoglin

ERBB2IP 1/334 1/5 erbb2 interacting protein

ESD 1/334 1/5 esterase D

EXOSC4 1/334 1/5 exosome component 4

EXOSC5 1/334 1/5 exosome component 5

EXOSC8 1/334 1/5 exosome component 8

EXTL2 1/334 1/5 exostoses (multiple)-like 2

FAM177A1 | 1/334 1/5 family with sequence similarity 177, member Al

FARSA 1/334 1/5 phenylalanyl-tRNA synthetase, alpha subunit

FASTKD5 1/334 1/5 FAST kinase domains 5

FBLN7 1/334 1/5 fibulin 7

FNDC3B 1/334 1/5 fibronectin type Il domain containing 3B

FPGS 1/334 1/5 folylpolyglutamate synthase

GAS8 1/334 1/5 growth arrest-specific 8

GFRAlL 1/334 1/5 GDNF family receptor alpha 1

GINS4 1/334 1/5 GINS complex subunit 4 (SId5 homolog)

GLT25D1 1/334 1/5 glycosyltransferase 25 domain containing 1

GNAl1 1/334 1/5 guanine nucleotide binding protein (G protein), alpha
11 (Gq class)

GORASP2 1/334 1/5 golgi reassembly stacking protein 2, 55kDa

GOT2 1/334 1/5 glutamic-oxaloacetic transaminase 2, mitochondrial
(aspartate aminotransferase 2)

GPATCH1 1/334 1/5 G patch domain containing 1

GPATCH3 1/334 1/5 G patch domain containing 3

GPI 1/334 1/5 glucose-6-phosphate isomerase

GPN1 1/334 1/5 GPN-loop GTPase 1
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GPS1 1/334 1/5 G protein pathway suppressor 1

GRWD1 1/334 1/5 glutamate-rich WD repeat containing 1

GSPT1 1/334 1/5 G1 to S phase transition 1

GTF3C6 1/334 1/5 general transcription factor I11C, polypeptide 6, alpha
35kDa

GTPBP4 1/334 1/5 GTP binding protein 4

GUF1 1/334 1/5 GUF1 GTPase homolog (S. cerevisiae)

GYG2 1/334 1/5 glycogenin 2

HEATR1 1/334 1/5 HEAT repeat containing 1

HINT2 1/334 1/5 histidine triad nucleotide binding protein 2

HMOX2 1/334 1/5 heme oxygenase (decycling) 2

HNRNPK 1/334 1/5 heterogeneous nuclear ribonucleoprotein K

HSDL2 1/334 1/5 hydroxysteroid dehydrogenase like 2

IFIH1 1/334 1/5 interferon induced with helicase C domain 1

IFT88 1/334 1/5 intraflagellar transport 88 homolog (Chlamydomonas)

IGF2BP3 1/334 1/5 insulin-like growth factor 2 mRNA binding protein 3

IL1IR1 1/334 1/5 interleukin 1 receptor, type |

IMMT 1/334 1/5 inner membrane protein, mitochondrial

IMPA2 1/334 1/5 inositol(myo)-1(or 4)-monophosphatase 2

ITGB5 1/334 1/5 integrin, beta 5

JMJID6 1/334 1/5 jumonji domain containing 6

JUP 1/334 1/5 junction plakoglobin

KBTBD6 1/334 1/5 kelch repeat and BTB (POZ) domain containing 6

KRT17 1/334 1/5 keratin 17

LASP1 1/334 1/5 LIM and SH3 protein 1

LIG3 1/334 1/5 ligase 111, DNA, ATP-dependent

LOC221710 | 1/334 1/5 hypothetical protein LOC221710

LOC388817 | 1/334 1/5 peptidylprolyl isomerase A-like

LRPAP1 1/334 1/5 low density lipoprotein receptor-related protein
associated protein 1

LSM12 1/334 1/5 LSM12 homolog (S. cerevisiae)

LSM4 1/334 1/5 LSM4 homolog, U6 small nuclear RNA associated (S.
cerevisiae)

MAEA 1/334 1/5 macrophage erythroblast attacher

MAT2B 1/334 1/5 methionine adenosyltransferase 11, beta

MBNL2 1/334 1/5 muscleblind-like 2 (Drosophila)

MCCC1 1/334 1/5 methylcrotonoyl-CoA carboxylase 1 (alpha)

MCM3AP 1/334 1/5 minichromosome maintenance complex component 3
associated protein

MDK 1/334 1/5 midkine (neurite growth-promoting factor 2)

MFSD1 1/334 1/5 major facilitator superfamily domain containing 1
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MGAM 1/334 1/5 maltase-glucoamylase (alpha-glucosidase)

MGLL 1/334 1/5 monoglyceride lipase

MPDU1 1/334 1/5 mannose-P-dolichol utilization defect 1

MPHOSPH®6 | 1/334 1/5 M-phase phosphoprotein 6

MPPE1 1/334 1/5 metallophosphoesterase 1

MRAP2 1/334 1/5 melanocortin 2 receptor accessory protein 2

MRPL23 1/334 1/5 mitochondrial ribosomal protein L23

MRPS33 1/334 1/5 mitochondrial ribosomal protein S33

MRPS35 1/334 1/5 mitochondrial ribosomal protein S35

MTMR12 1/334 1/5 myotubularin related protein 12

MYL12A 1/334 1/5 myosin, light chain 12A, regulatory, non-sarcomeric

NCBP2 1/334 1/5 nuclear cap binding protein subunit 2, 20kDa

NDUFS2 1/334 1/5 NADH dehydrogenase (ubiquinone) Fe-S protein 2,
49kDa (NADH-coenzyme Q reductase)

NECAB3 1/334 1/5 N-terminal EF-hand calcium binding protein 3

NFU1 1/334 1/5 NFU1 iron-sulfur cluster scaffold homolog (S.
cerevisiae)

NICN1 1/334 1/5 nicolin 1

NNMT 1/334 1/5 nicotinamide N-methyltransferase

NOC2L 1/334 1/5 nucleolar complex associated 2 homolog (S. cerevisiae)

NOLS8 1/334 1/5 nucleolar protein 8

NRIP3 1/334 1/5 nuclear receptor interacting protein 3

NSUN4 1/334 1/5 NOP2/Sun domain family, member 4

NT5C3L 1/334 1/5 5'-nucleotidase, cytosolic I11-like

NT5DC1 1/334 1/5 5'-nucleotidase domain containing 1

NUDT15 1/334 1/5 nudix (nucleoside diphosphate linked moiety X)-type
motif 15

NUMA1 1/334 1/5 nuclear mitotic apparatus protein 1

OCIAD2 1/334 1/5 OCIA domain containing 2

OGT 1/334 1/5 O-linked N-acetylglucosamine (GIcNACc) transferase
(UDP-N-acetylglucosamine:polypeptide-N-acetylglucos
aminyl transferase)

OSBPL11 1/334 1/5 oxysterol binding protein-like 11

OSGEP 1/334 1/5 O-sialoglycoprotein endopeptidase

P4HB 1/334 1/5 prolyl 4-hydroxylase, beta polypeptide

PAFAH1B1 | 1/334 1/5 platelet-activating factor acetylhydrolase 1b, regulatory
subunit 1 (45kDa)

PARVB 1/334 1/5 parvin, beta

PCDH18 1/334 1/5 protocadherin 18

PCDH7 1/334 1/5 protocadherin 7

PCDH9 1/334 1/5 protocadherin 9

PERP 1/334 1/5 PERP, TP53 apoptosis effector
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PFAS 1/334 1/5 phosphoribosylformylglycinamidine synthase

PFN2 1/334 1/5 profilin 2

PIGK 1/334 1/5 phosphatidylinositol glycan anchor biosynthesis, class
K

PLP2 1/334 1/5 proteolipid protein 2 (colonic epithelium-enriched)

PMM1 1/334 1/5 phosphomannomutase 1

PNN 1/334 1/5 pinin, desmosome associated protein

PNP 1/334 1/5 purine nucleoside phosphorylase

PNPLA4 1/334 1/5 patatin-like phospholipase domain containing 4

PPIA 1/334 1/5 peptidylprolyl isomerase A (cyclophilin A)

PRPF3 1/334 1/5 PRP3 pre-mRNA processing factor 3 homolog (S.
cerevisiae)

PSMC4 1/334 1/5 proteasome (prosome, macropain) 26S subunit,
ATPase, 4

PSMC6 1/334 1/5 proteasome (prosome, macropain) 26S subunit,
ATPase, 6

PSMD8 1/334 1/5 proteasome (prosome, macropain) 26S subunit,
non-ATPase, 8

PSME1 1/334 1/5 proteasome (prosome, macropain) activator subunit 1
(PA28 alpha)

PSME3 1/334 1/5 proteasome (prosome, macropain) activator subunit 3
(PA28 gamma; Ki)

PTGES2 1/334 1/5 prostaglandin E synthase 2

RAB27B 1/334 1/5 RAB27B, member RAS oncogene family

RAB38 1/334 1/5 RAB38, member RAS oncogene family

RAB5B 1/334 1/5 RAB5B, member RAS oncogene family

RAD51AP1 | 1/334 1/5 RAD®51 associated protein 1

RALBP1 1/334 1/5 ralA binding protein 1

RBM47 1/334 1/5 RNA binding motif protein 47

RGL1 1/334 1/5 ral guanine nucleotide dissociation stimulator-like 1

RGS10 1/334 1/5 regulator of G-protein signaling 10

RICTOR 1/334 1/5 RPTOR independent companion of MTOR, complex 2

RNPEP 1/334 1/5 arginyl aminopeptidase (aminopeptidase B)

RPL23 1/334 1/5 ribosomal protein L23

RPL26L1 1/334 1/5 ribosomal protein L26-like 1

RPL4 1/334 1/5 ribosomal protein L4

RPL5 1/334 1/5 ribosomal protein L5

RPP38 1/334 1/5 ribonuclease P/MRP 38kDa subunit

RPP40 1/334 1/5 ribonuclease P/MRP 40kDa subunit

RPS12 1/334 1/5 ribosomal protein S12

RPS17 1/334 1/5 ribosomal protein S17

RPS20 1/334 1/5 ribosomal protein S20

RPS5 1/334 1/5 ribosomal protein S5
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RRAGA 1/334 1/5 Ras-related GTP binding A

RRM2 1/334 1/5 ribonucleotide reductase M2

RRP12 1/334 1/5 ribosomal RNA processing 12 homolog (S. cerevisiae)

RSL24D1 1/334 1/5 ribosomal L24 domain containing 1

SASS6 1/334 1/5 spindle assembly 6 homolog (C. elegans)

SCARF1 1/334 1/5 scavenger receptor class F, member 1

SCCPDH 1/334 1/5 saccharopine dehydrogenase (putative)

SCRN3 1/334 1/5 secernin 3

SEC11A 1/334 1/5 SEC11 homolog A (S. cerevisiae)

SEC63 1/334 1/5 SEC63 homolog (S. cerevisiae)

SETDS8 1/334 1/5 SET domain containing (lysine methyltransferase) 8

SEZ6L2 1/334 1/5 seizure related 6 homolog (mouse)-like 2

SFT2D1 1/334 1/5 SFT2 domain containing 1

SH3BGRL2 | 1/334 1/5 SH3 domain binding glutamic acid-rich protein like 2

SLC22A4 1/334 1/5 solute carrier family 22 (organic cation/ergothioneine
transporter), member 4

SLC25A43 1/334 1/5 solute carrier family 25, member 43

SLC35B4 1/334 1/5 solute carrier family 35, member B4

SLC35E1 1/334 1/5 solute carrier family 35, member E1

SLC35F1 1/334 1/5 solute carrier family 35, member F1

SLC39A7 1/334 1/5 solute carrier family 39 (zinc transporter), member 7

SLC6A15 1/334 1/5 solute carrier family 6 (neutral amino acid transporter),
member 15

SLC7A5 1/334 1/5 solute carrier family 7 (cationic amino acid transporter,
y+ system), member 5

SLIT2 1/334 1/5 slit homolog 2 (Drosophila)

SMC2 1/334 1/5 structural maintenance of chromosomes 2

SMS 1/334 1/5 spermine synthase

SNRPD2 1/334 1/5 small nuclear ribonucleoprotein D2 polypeptide
16.5kDa

SNX8 1/334 1/5 sorting nexin 8

SPPL2A 1/334 1/5 signal peptide peptidase-like 2A

SRM 1/334 1/5 spermidine synthase

SSR2 1/334 1/5 signal sequence receptor, beta (translocon-associated
protein beta)

ST3GAL5 1/334 1/5 ST3 beta-galactoside alpha-2,3-sialyltransferase 5

ST3GALG6 1/334 1/5 ST3 beta-galactoside alpha-2,3-sialyltransferase 6

SUPV3L1 1/334 1/5 suppressor of varl, 3-like 1 (S. cerevisiae)

SUPV3L1 1/334 1/5 suppressor of varl, 3-like 1 (S. cerevisiae)

SUSD1 1/334 1/5 sushi domain containing 1

SWAP70 1/334 1/5 SWAP switching B-cell complex 70kDa subunit

TCP11L1 1/334 1/5 t-complex 11 (mouse)-like 1
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TGS1 1/334 1/5 trimethylguanosine synthase 1

THADA 1/334 1/5 thyroid adenoma associated

TIMELESS | 1/334 1/5 timeless homolog (Drosophila)

TMCO1 1/334 1/5 transmembrane and coiled-coil domains 1

TMED2 1/334 1/5 transmembrane emp24 domain trafficking protein 2

TMEM168 1/334 1/5 transmembrane protein 168

TNKS1BP1 | 1/334 1/5 tankyrase 1 binding protein 1, 182kDa

TOP2A 1/334 1/5 topoisomerase (DNA) 11 alpha 170kDa

TOPBP1 1/334 1/5 topoisomerase (DNA) |1 binding protein 1

TPD52L3 1/334 1/5 tumor protein D52-like 3

TUBB 1/334 1/5 tubulin, beta

TUBB2C 1/334 1/5 tubulin, beta 2C

TUBGCP3 1/334 1/5 tubulin, gamma complex associated protein 3

TXNL4A 1/334 1/5 thioredoxin-like 4A

UCKL1 1/334 1/5 uridine-cytidine kinase 1-like 1

UQCRQ 1/334 1/5 ubiquinol-cytochrome c reductase, complex Il subunit
VII, 9.5kDa

usP22 1/334 1/5 ubiquitin specific peptidase 22

VANGL1 1/334 1/5 vang-like 1 (van gogh, Drosophila)

WDR11 1/334 1/5 WD repeat domain 11

WDR77 1/334 1/5 WD repeat domain 77

WRB 1/334 1/5 tryptophan rich basic protein

ZBTB45 1/334 1/5 zinc finger and BTB domain containing 45

ZNF282 1/334 1/5 zinc finger protein 282

ZNF362 1/334 1/5 zinc finger protein 362
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