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AL OIEEE UL PR T —ERIKE-> THW

ACTB B-actin

DAPI 4’ ,6-diamidino-2-phenylindole

DMSO dimethyl sulfoxide

ECM extracellular matrix

ERK1/2 extracellular signal-regulated kinase 1/2
FGF fibroblast growth factor

FGFR fibroblast growth factor receptor
GLUT1 glucose transporter 1

HBV hepatitis B virus

HCC hepatocellular carcinoma

HCV hepatitis C virus

HGF hepatocyte growth factor

HIF-1a hypoxia inducible factor-1a

KIT tyrosine-protein kinase

LEN lenvatinib mesylate

MAPK mitogen-activated protein kinase
NCCN national comprehensive cancer network
PAGE polyacrylamide gel electrophoresis
PBS phosphate buffered saline

PD-1 programmed death receptor-1

PDGFR platelet-drived growth factor receptor
PVDF polyvinylidene fluoride

RET rearranged during transfection

SDS sodium dodecyl sulfate

SFB sorafenib tosilate

TBS-T tris buffer saline

TKI tyrosine kinase inhibitor

VEGF vascular endothelial growth factor
VEGFR vascular endothelial growth factor receptor
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JF¥E 1% 2020 2 TOMFUCIIT HIMBINR A EGOFRTH 21 L /e o T
D, R O R CHFAMIERE (hepatocellular carcinoma : HCC) DE|AIE 75-85%
ZHDTWSD Y, HCC O FEE /2 fE K 11X hepatitis B virus (HBV) < hepatitis C
virus (HCV) OEMEYS:, 77 T R iR ENT-aHOER, 7/ra—/L
OREFI, KEEZ, 2 BEERF~ORE, BER ERRTF o605 Y, DT
X HBV & HCV 78 HCC OFIEZER & L TEL 2 HD TN, EETIHHI v A
JVAIEDIRR S B 0 R D% < oMk T (REHZ) & 2 BUIFEIRE, JET7 v
2 — )UYER PR B O FeE 2 HCC OFIEZR & L CHIIMEMIZ & 5 2, HCC
DOVEFET VTV ZLITHRNC LV RiE S TE Y | the Barcelona-clinic Liver
Cancer JRHI0 PR 7B & L CEH & T 5 Y(Fig. 1A), BIFED HCC
TR ORI OIBRIT . RREARD L LIERRNT . FEIRBENIIT . IFReA, Ra
B L ORI LFIRIER ENRH Y O, BHITHIIZITOIBRMTCAFIRGE I, AT
Bl ENHERE S TS 03, BIBRAEE & VYo 7 advanced stage (272 5 & 21k
FRIEOWIS L 722 7, BAFHRFHOBE Th-TH, IBROEREIC L L
IA~DARMRERD Z L0, JFBEITR SIC L0 WS LERE~BTT

HIZEDN—KHITH 5, 2 LFIRIEO—IRIGHE & L Tli, sorafenib tosilate (SFB),



lenvatinib mesylate (LEN), atezolizumab & bevacizumab @ fJf H %% 72% National
Comprehensive Cancer Network (NCCN) # 4 K7 A > THEREI T2 ¥ (Fig.
1B), T4, HCC DR ALFHRIEIC OV CILMEH Al 722 A 23 2 20 d 5 78,
TR THIBFRERRBIIR SN TV D,

o —BRIEDOH D LEN 1L LEN 2383554 5 LRI OREIRHER TdH > 72 SFB &
DIEGABRICB W T, AR THAZ 2R LTS, & bIZ, BIREHGEH
& L CHEBRE~OHEA OB M2~ T % TEH S Response Evaluation Criteria
in Solid Tumor (RECIST) 1.1 & RECIST (ZififitafAli & N % 7= HCC (2%} 5 [Alkk
DFHETH % modified RECIST (mRECIST) (k-3 & , MR HEATEHIM & 17 %
TOWIMAFHL S v, BT QML EIS IS\ TRR DN S 7228, 2
S ORIRGHEE B IZ2W Tk, LEN BB CTH-7= P, LEN T vascular
endothelial growth factor receptor (VEGFR) 1-3, fibroblast growth factor receptor
(FGFR) 1-4, platelet-derived growth factor receptor (PDGFR), rearranged during
transfection (RET), tyrosine-protein kinase (KIT) (ZX}+ 5~ /LF X —45 v F D
tyrosine kinase inhibitor (TKI) TV, #Z A& G-I/ GETdH 5, HCC IFIEH 1T
BHRFEEL TV DT80 VEGFR, FGFR & W o m & H L 7T a2 e 45
Z &IZHCC (2 L THBEIZRTEHEIETH % 19 LEN (T in vitro (2T, FGF

T FIARTEREE 215 ML L7z HCC MilaoiEfE 2 HE L, AiliEK DOt b HCC



RSBV TS FGF ¥ 7 URIERIE A T2 Z L B3 6L 72 o
TWa D, HCC 128V Tl fibroblast growth factor 19 (FGF19) & FGFR4 73 ki
LTHRIAN EHT2 2 LDRENTEY P FGF19 OFEBLT HCC DEITIZE S
T 52 & ¥ FGF19 ORI HCC ORIEEZFHRTDHI EHLRENTWND
W, ZHIZXY . FGFR %% —7%7 v b & L, FGF ¥ 7 F/VRERI &2 Mfl 3 5
LEN /L SFB LV bR EAHTH L LEZ LN TWD2, IRFEERIKDOR L
% HCC TIIE OIEFRFIEII R E 28 & 72 o TV 5,
BT 31T DR RIEGIHEIIIRUNRES B G342 L STl Y, G
TITIEF R e~ &I OB E < . RERIZRIMTEICH 5 2 &6 5k
RGN O MRS N E < 72 D T LI K D PUEAl~ Rt R o 2 Lo, i
FER OB G- 72 812 X B IEBNERTE I X 2 HUE A OMIBINE Y JA B O | KR
FEAMEIT KV SN autophagy N FEE SO AGFLRES Y5 2 & H5E
PICF 1 2 AREE B BEI A~ DI 5345 DA T | EHRRIRIE 72 & OIRIE R O JE 15 O
AR ER—RE LTETFLR TS B, 2P THIEENIKERRE I, EE
Mfa & g & OFEEEA R s O MR B A R TR E OIA A B TE RN &
JEISEHNH] 2 > /X7 BT 5 p53 DIHIIT LV apoptosis 23H K U A& B A <Ci2 i
PEDSHA R 3D Al REMES & D Z & | P-glycoprotein & 22— K9°% MDR #fx {72 &

EYRGIEICBE 59 2 B a 7RI O LHIZ L0 EFPRAMEET 2 2 & Ml



ARt DN autophagy 35532 Z LML TS P, EITL
HCC I3 O/NMERT & LTHND 2 ENRE L 19, EH ek & /& P L &
Lo LIMEEENKE <, MEHN TOREMEOEIITKEOBEZHET 5
72 U LIRS IR BB OMUNREE A2 4E V) 1317, HCC 13 b IS AR & %

RYMEFEO—>TH Y | BEFRREDOTREIT 08% Th D LM INTND 19,
HCC (%95 SFB OIXFEFE OIRFRHIMEIZIL, autophagy 23BH 59 2 & 19,

Immune checkpoint inhibitors 73 % —7%" >~ K & 9% programmed death receptor-1 (PD-
1) OIEBLHE NN BE 5-3 2 #ftds 20 AKELSE 1T 350 Tl A 5l oAl il 4 17, apoptosis
TS | A ETE . BN 5 2 o X B OREIC EEAREEER T L LT
Ji < F 63TV % Hypoxia inducible factor-1a (HIF-1a) *Y7%% Glucose transporter 1
(GLUT1). VEGF 72 & DRBHIM G358 E 2P0 dH 5, S HIZ, & h HCC
R OWTOMFTE T, EENO HIF-1a ¥ > 37 B LV FEIC ER-
L2 BN LT 5L TROBIEEET S Z LAME S TWD 2, HCC
B DRI & ) &/ 5 7o OITAREE R T OSANRFTIEDOMRIIIIER ICEE TH
Do

LEN OJREIPIMEIZ DUV TIX, 24U E TIT hepatocyte growth factor (HGF) D%
BIETHD -MET BEFIBLL TWHHIMEIZIB W T HGF SHUHsi/EM . pro-

apoptosis, PRI AKX T S5 Z & T LEN OZRZEE S & 585 20, M



EHIE T E OB I 7 CTd D ETS-1 23 VEGFR % L 7= LEN HUiEE{EHHK
PUEICB ST o8& 2D D, LavL, (EEEZE To HCC IZxt % LEN HifEf
TERRFIEIZ DWW TR 3 720, ARBFFRIERE#IZ 351 T "LEN RS M4 7R
L7- 2 ¥ HCC Mifiuik (PLC/PRF/S #lifi, HepG2 HifR) 2 MW T, KEEFE D

LEN J8EHEHIEICE G T A A D= XA COWTH LN TAZ L2 HE LT,



3. ERAER K OERGIE

Cells line and Cell culture

PLC/PRF/5 £ L O HepG2 @ 2 ->® HCC Mgk, HAb KA E 58
ARERE 2 — (AR fIB) 2O AF L, 210 OMEEKIT, 10%0D 7
UHEYIMIE  (FBS, Gibco) #&TeE 2 /L 2—A DMEM  (Gibco, Grand Island,
NY,USA) Tz L7z, MlEIL, 37°COBHEBFELERE (95% KK, 5%C02) =+

TIFREREERIE  (94%N2. 5%CO0,2. 1%0,) T TH#EL,

Cell proliferation assay

96 7 = /L7 L— MZ 1x10* EOMNL 2 R L, @ F IR £ 721K T T —
BakEEE L7, RIS, 2 kAR LIz Lo NF =T AVt (7Fas, &’
A, AA) EEEE (DMSO)  THIlRZALHL L7, S HIZ, WHIRHE T E
oI MEEE R T C 72 REfEESEE L7=#%. CellTiter 96® Aqueous One Solution Cell P
roliferation Assay (Promega, WI, USA) % HWCHIFIAEFRZHIE LT, &V
= /VIZ MTS  ([3-(4,5-dimethylthiazol-2-yl)-5-(3carboxymethoxyphenyl)-2-(4-sulfoph
enyl)-2H-tetrazolium, inner salt]) #JE% 20 puL 950012, DMSO TH;:# L 7=/

Mk = ha—b & L, 490 nm OWER TRILE (OD) ZMIE L, BRI



ORI THRH L : EERODE, =2 h 2 —/L OD fEx100%, 7 —Z 1.

PEJEL R OFERERRFE (SEM) & L TR L., 3 EIOMIL L7 FEEBR 21T > 72,

Microarray analysis

60mm 7 o v ¥ =2 5x10° {f 0> PLC/PRF/S A Z REFE L, 8% £ 721X IKHE R
ST 12 WA L7, 17.5uM @ LEN 23 L=, S HIic@s £721%
IREESE SR T C 72 A F 2 ~— |k L7z, TRIzol iF (Invitrogen, Carlsbad,
CA,USA) %M T PLC/PRF/5 #ifid7> & Total RNA Z il L7z, #7ERY mRNA
fEMTIZ, B L@ 3D-Gene mRNA AV ZF v 7 vie (RUHASH, B %
MNTATo720 RNA BT rFaX—F Lk, Fy7ZRLO7 1 b
I — )UIZHE > T IZPEYF L. 3D-Gene Scanner 3000 THES 7 /L& A% ¢
L. 2 412 T 3D-Gene Extraction ¥ 7 v = 7 & H W THENT L 72, % mRNA @
FHL T, H~A 70T LA DT NTO mRNA DY 7 FIVHREZ Ny 7 7
Z Uy RCRE L7cEZ2 W CIES L L7z, KE23E T TD LEN O R A JHE5 S
B L0 FRARFHIERN Z R~ 572D LT OFNET mRNA U A~ &2ERR LT,
EBX, EEERFE LEN FJEWIIRED global normalization D HFRAED D72 < &4 4
fEDEZ /R BARFISx L TT o 72, £ @ H BLSR T CO LEN JEARINEE & LEN

VRINEE 2 beie L C, global normalization MfEAY 1.5 L4 B/ L7z mRNA % [6E



L7, WRIC, BHEEET LEN IRIEE & AKEESE T LEN IRINEEZ i L. global
normalization DfEAS 1.5 {200 EFAIN L7~ mRNA Z[FEE LTz, &BIC, &gkt

LUTH@ 9 5 mRNA 2l L. A% O Ic il Lz,

Quantitative real-time PCR (q-RT-PCR)

BARFHRBUIA T O #E%Z VT g-RT-PCR TERE L7, 60 mm 7 4 v &=
E{Z PLC/PRF/5 #fifidZ 5x10° il THERE L, 1@ % £ 72 (3AKIRSR T T 12 KRRk 22
L. LEN & L <|X DMSO Z #2185 sk £ 721 3KERSE T C 0~72 Fefiltsk L
7zo FIRDIFIET total RNA Z[EUX L, 71 h =2—/LIZfE-> T High-Capacity R
NA-to-cDNA™ Kit % VT ¢cDNA % ifiz’5 L7~ (Thermo Fisher Scientific, M
A, USA) , U7 /L&A A RT-PCR L, PowerUp™ SYBR™ Green Master Mix

(Thermo Fisher Scientific, MA, USA) ZHAWTiTHole, 77 A4 ~—IZLLFD
b zfEM L7z, : FNI1, forward, 5~AGGACTGGCATTCACTGATGTG-3' and re
verse, 5'-GTCACCCTGTACCTGGAAACTTG-3"; HIF1A, forward, 5'-GCAGAATG
CTCAGAGAAAGCG-3" and reverse, 5-TAGCTGCATGATCGTCTGGC-3'. ACTB,
forward, 5'-CGTCTTCCCCTCCATCGTG-3" and reverse, 5'-TCGTCGCCCACATA

GGAATC-3'.



Gene ontology functional enrichment analysis and protein-protein interaction analysis
Gene Ontrogy (GO) fi##TIZ1% DAVID 6.8 Bioinformatics Resources (https://dav

id.nciferf.gov/) 2PV L=, ARIFETIE, RIE SN2 2 RIETERTDOH

BIZEBINTAMTFH 7T a2 20 GO HEEIZOW T a2 T, # 2 /37

B2 R EMAEAER Ry v U —27 1%, STRING (https://string-db.org/) 4>

FTA B =B HWTHSL L7239, STRING ST Tlt, TFRREOEEE D

2R ERBEAER AT 0.4 2 H LT,

Immunofluorescence microscopy
Fibronectin D% 8% 5~ 5 7= 12, PLC/PRF/5 #fifid & HepG2 #liid T fibronectin
Qe AT o7, MIUETF ¥ "= T A FET5x10° T, @HEEFE N T 120k
W52 L7=, Z£d%. PLC/PRF/5 #lfldiX 17.5 uM LEN T, HepG2 #fdiX 25 uM
LEN T, W3R T F 72 1 ZARE SR FC 48 REEILEE L7z, M4 PBS CTHek L,
4%/ T B LT VT e RTHEE L, PBS H0.5% Triton X-100 THEEAEL L, 7
2oy % U IR TTHTLEE U7, BE L CIRRFR R T r vy 7 LTctk, Ty v
N—=RTF 4 &, UHXORNEHIL fibronectin Hi/&A  (Alexa Fluor® 488 Anti-
Fibronectin, Abcam plc.) & & HIZ, #OE LR H=E T 1 A o F 2 — |
L7-, ZDt%. DAPI EHiBtaBGIEFKE  (Fluoro-KEEPER®, Nacalai Tesque Inc)
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BATA KT RN LTz, i L= b 0&2sBiss  (Keyence, BZ-X700,

Osaka, Japan) % W\ THOHT L7,

ELISA

100 mm 7 4 v ¥ = k{2 2x10° f# ¢ PLC/PRF/5 #lfd & 7213 HepG2 flifn % #& &
L. BHEFET T 12 ARG L%, PLC/PRF/5 Mif@IZIX 17.5 uM LEN %,
HepG2 MIfEIZIEL 25 uM LEN Z R0 L, 2N EIBH AR T F 72 IXMKHEE T C 48
W53 L7848, ABRREE B35 H o fibronectin FEHL & 4 §Tf L 7=, ELISA I,
Human Fibronectin Kit (R&D, MN, USA) (Zie# S 7= FNEICHE > CTHEfE L=,
HIZiE~5 &, 100 uL OFEHXEE | fibronectin F 72 13 laE: % E7E (v RO
Ry 77 —"7T 100 fFIZFHR) % ELISA 7L — MIHEfE L, 50 L D% E b
fibronectin FURIEIR Z M A T2, £D%, L —hae~vA 7t L — oz —0—
T2, |IRTA v FaX— ML, KIS, TXTONEMET T — =
YL — b EXy NOPEFNNy 77— T4 EPEF L. 200 ul O & | fibronectin
arVa— R ez, 512, 7L— hE=IRT2HH, ~f 277 L—F
V= A—TArFaX— LI, WEMET XTT T —var Lk, 7
L— &%y MEHE Ay 77 —T 4 [BIBEF L, 200 uL OFREERE N A2, &
#1250 L @ 2N iR OAF IRIK &2 N2 T2, Wz 450 nm D~ A 7 a7 L— kU —

11



F—=2HNT, 7L—bORT = VONRFREZRE LT,

Small interfering RNA transfection

t I fibronectin (2% 9" 55> 7T RNA  (siRNA) —EH#  (sc-29315) B
L OIEFERY) siRNA  (sc-36869) (% Santa Cruz  (TX, USA) D siRNA =2 L7 &
3 B ATF L7z, PLC/PRF/S #ilfid% 96 7 = /L7 L — MZ Ix10*{H CHERE L |
INTERFERin F 7 > 27 =7 L 3 33K  (Polyplus, llkirch, France) % VT,
A—H—D7 v h3—LZHE->T InM D siRNA %2 b7 A7 =7 bk LT=,36 K

1% . (KRR T2V T LEN OB 21T - 7-,

Western blotting

PLC/PRF/5 #lifid & 721% HepG2 #fa % 2x10° f#l T 100mm 7 ¢ v > = BIZ#&HE
L. BHMFE T T 12 FrfAEEE Lz, &IZ, PLC/PRF/S #ifld & HepG2 il %
ZNE 175 uM & 25 uM @ LEN T, @FHEEFE N F 72 XMEEEHE T T 48 KL
U, Mk, 7271 F—EHEAl (Santa Cruz Biotechnology, TX, USA)
Z ¥ L 7= M-PER™ Mammalian Protein Extraction Reagent (Thermo Fisher
Scientific, MA, USA) TIafE L7-, ¥ 737 B FE 1%, BCA protein assay kit (Fuji
Film, Tokyo, Japan) ZHWTHIE LTz, FE&OX o X7E  (20ug) %, FT¥

12



VRS U v L (SDS) =R U T 7 YT I ROVESIKE) (PAGE) (4%
S12%FRHES V) VT, 150V OFEREET 50 rf B LTz, v =AZ T H
> MR REN R T e F a— o T T 2T, XU\ BE R E=U T
YYINETA K (PVDF) A7 LY (Bio-Rad,CA,USA) IZ24V OEE
JET30 07wy T 47 Llc, £D1%, A7 L% Blocking One-P  (Nacalai
Tesque, Kyoto, Japan) T 4°CIZC—Hr7 o v X7 L1z, Z£D%, 0.1%Tween20
Vel &Gt N U AEEABEEAK  (TBS-T) Z#HAWTAUT LU E2UEEL,
p44/42 MAPK (ERK1/2) ZiE#k L7-—W&$HiiK (CST, MA, USA; Cat. p44/42
MAPK (ERK1/2) (CST, MA, USA; Cat. #9102), phospho-p44/42 MAPK (p-ERK1/2)
(CST, MA, USA; Cat. #9101), 3 L O B-actin (CST, MA, USA; Cat. #4967) Tifak L
cRPUARE —FEIC, R L2 IR T 1R A v F 2 _X— h L7z, T,
ATk TIRGUR L EIRT 1 R[], BEFTCA % aN— b L7, HURRE
(X, TBS-T T 1:1000 (—&HLlE) FRU1:5000 (CRFUE) &Lz, 7wy
N OFHIZ1X, ECL prime western blotting detection reagents (Amersham cytiva,
Tokyo, Japan) % FHV 72, {L#%8 553 RiZ Lumino Graph 11T (ATTO, Tokyo, Japan)

5 & OV Image J 1.53 (http://imagej.nih.gov/ij) % FHVTHRIAE/E L 7=,

Statistical analysis

13



EMTICIX IMP 142 (SAS Institute, NC,USA) #{Ef L7, T —#1%, ANOVA
(RA MRy 77 A& LT Tukey $iE) £ 721% Student D t-1i7E 21T > THiF

Br L7z, #RHIAEMIX p<0.05 & LT,

14



4. R

4.1. PLC/PRF/5 #j & HepG2 #fAIZ 4517 5 Lenvatinib (LEN) DM &I HIE
PLC/PRF/5 #ifuds L O HepG2 #MIZ I 1T % 1@ & e sE K&k OMKEESE T LEN |2
x4 B HEIGI DWW T, MIEGFRE TORHMIZ MTS assay (&L VITH- 72, 85
fesE TIZHA~MERAZE FCO LEN 12.5 uM O#2FEIZ3 " C PLC/PRF/S flifid Tl
47.2%., HepG2 TlE 13.2%DMIIAAEFROEMMA R 547 (Fig. 2Aand 2B) . 1Cso
fEIZ2V T, PLC/PRF/5 il TlLi@ & 38 T 13.0 £ 0.8 uM, {KfEFR T 213 +
1.1 uM SRR W CTHE 2RI A L7223, HepG2 AldIiZ BV Tl
feT23.0+£0.8 uM, (KEET263+ 1.1 uM L HEEEITRD SN o7, @
HHEF KT 2 IREEFE TD 1Cso DINFIZ DOV TiE PLC/PRF/S At L OY
HepG2 Mifld TZE41 63.8£3.3%, 14.3+0.9% TdH Y PLC/PRF/5 fifidizds T
X FWHRBINA BT (Fig. 2C), ZHUC KW LEN 13 &R M im 5l
PR Z 7R L7223, PLC/PRF/S MAEIZ 35\ CILAKER SR T LEN OO H AR 5E Bl 1
Wt LTI AR R Le o 72, FEBRICEIT D LEN OJREEIX, PLC/PRF/S Hif

IZBWTEDORE DS TREOMO 17.5 yM IZERE L=,

4.2. PLC/PRF/5 #fd DULIESE T LEN PilEEEHATHLPEIZ BT 5 iEE T T AF
#r

15



PLC/PRF/5 flifia &4l L7- total RNA % Fl\W\ CREFRMIE R T-HRIT 21T - 72,
WA T2V T, LEN IRIIEE Tk LEN JEIRINBEIC L, 921 fE D8
P S AU AR 7 23 STz, Table 1 ISFEBLNHI LK Z U BN 50 DA
T AR Uiz, KSR FCO LEN IRINC X 0 | il #ESE N T LEN iRINAE &
ez LT, BEED EF LB E 728 409 Bl S 4v7z, Table 2 123 HL 5L
TRRKEW B 50 OB TF—EEZ R LI, 61T, FEBRFIEICELHE LICFIEIC
K D AKEESE T LEN HUMES/E HRHTIEIC B3 5 200 fH D #7225 B85 7- 3 FE S
ATz, Table 3 11X, RO 2 oD D EIZ BV TEIEO K E VN AL 50
DEEF—E &2~ LT, [FE S mRNA (X, EICHigsb=r vy —2a il
M6, EHE A/ M7z & O RERaAR A BT 2 Al sr 2B LTz, mRNA OFERER
B % Fitd 5 72 912 DAVID bioinformatics tool % i L C Gene Ontology (GO)
analysis (cell component) Z1T>72& Z A, FIZ extracellular matrix (ECM) (Z BHE
95 GOterm 23 F ATV (Fig. 3A), S HRLIRDZ0, §h ST 8s
F-ORERERIF EAMEH A& » T — 27122\ T STRING Y 7 b7 =7 Zffi ] L THE
Hri7=t Z A, ECM 5y CT& 5 fibronectin 2 2— K925 FNI Bz 137 & L

TlHESN7= (Fig. 3B),

4.3. [HfEE FE235(2.55017 5 PLC/PRF/S @D HIFIA 35 Jd- CFNFNI & s I8 L~/

16



PLC/PRF/5 FI@IZ %9 HAKERE R OB HO W TR 572D, BFEE
ZB L WMKEEZE TO HIF-1a 2 =— K35 HIFIA @ mRNA HEE&DENT 21T -
77, BIEEE 12 h 21T7-o7-E% (0h) 2B\ T, BRI X TERZET

HIFIA OF BB A 57 (Fig. 4A) , FN1 B 11220 C 6 [AERIZ mRNA

S

BIBOFEZAT 72 L TA, FRRICE W Tl IR ICHENTERRE THE

IZHEIMN R B0, FFIZ 48 h ITB W T ZEDOENHE TH -7- (Fig. 4B),

4.4. HCC KD fibronectin # LSRR F5 L OMFZE I T D fibronectin E
PLC/PRF/5 i3 &Y HepG2 MAEIZ B Cil ' FesE. {KEESE T fibronectin
[ZOWT, B 8 hIZBIT D% /87 ERBE DR 21T o T2, #OtmE Y
W X DR CIE. PLC/PRF/S HIEIC B\ TIEEE S CTHIIEPN AL T O fibronectin
BN R 5N, E£7-. LEN I LY, @FE#mER L OMERZ BT
fibronectin FEELIIAK N9 DRI 37 D H A7z, HepG2 Ml TIEIWT N DOFEMHETH
fibronectin D FWIHUZ R Z R LB RBO G- 7 (Fig. 5A), EEEF O
fibronectin (2D T ELISA (Z L VW JIE L7z & Z A, PLC/PRF/S #iifid Clid
Hle#E  (LEN-) T24.0+1.5ng/mL, fKEE% (LEN-) TS54.8+7.1ng/mL &
KieF CHEICHEM U, £/, @FEE%E (LEN+) T23.5+8.8ng/mL, {KfEHE
(LEN+) T38.6+7.3ng/mL & LEN f#(E FIZH\\ T HKEESR T fibronectin @

17



FEEIIHNMERIZH - 7= (Fig. 5B), HepG2 #fIZB W Tik, (KERZICBIT 5
EEFUR T O fibronectin I OFIINLER D S, FEL L~ PLC/PRF/5 #ij

2T > 72 (Fig. 5C),

4.5. PLC/PRF/5 0 /254195 FNI knockdown (= J 5 (lE/#55 T?D LEN %)
FN1 knockdown |Z X % {55 C PLC/PRF/S #AZIZ %32 LEN OZhHEIZO0
THET L7z, PLC/PRE/5 AfEIZx L, 36 h @ fibronectin 4717 siRNA 3 A%
E72 FN1 BB FRHB L~V O TR ® b1t/ (Fig. 6A), il T, FNI
knockdown %, W EESE & (KA T LEN IR L 48 h B 24T - 72, WMHEAE T
DEEFE T~ PLC/PRF/S fAEIZ %42 LEN O AMAHEH4mH/EFH O A & 22 ez

P btz (Fig. 6B),

4.6. PLC/PRF/5 e .75 L CX HepG2 #ifi7 D ERK1/2 5 > 2N2 B D FEBIMEHT
{E&Me5E > LEN HUBEE B EHMERE 12 DWW TRET 5 72012, MilalAdrE s
7 F /LT % extracellular signal-regulated kinase 1/2 (ERK 1/2) |25V T, ERK1/2
DZ 87 E e (Ww-ERK1/2) & T DIEME(LZ 7B TH %D U ik ERK1/2
(p-ERK1/2) D%Bl% western blotting 152 & Y fi#4T L7=, PLC/PRF/5 #ildiz$
VT 24 h FRE R CIRERSE T p-ERK 283% 8 5 L, 48 h R R Tl e, K
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B3 & 12 LEN (+) T p-ERK1/2 OB EFARDH LN (Fig. 7A). RIS
HepG2 #fi CHFT 21T o728 25, 24 h B CIR@ s EEE LEN (1) ICH~, i@
W e LEN (+) B X OMEREZE LEN (-) T p-ERK 283 EBUEL T L. 48h iz
TIiE, 8% CTLEN(+) . LEN(-) & H1Z p-ERK R B EH 2358 57~ (Fig.

7B).,
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5. B

AWFFETIL HCC Mifatk z F vV TIREE SR 123817 5 LEN HUlE G E I HGTE %
LT RIRSR 1T T ICso -2 A3 K & 7)o 7= PLC/PRF/5 Ml iZ DU THEHT
ATV, AKEEFE T LEN JUEGERIREIMEICIX ECM 235352 &, 2o
TH LA 7% E % 727 fibronectin OB ENFEICERTHZ 2R LT,
AHFZEI% HCC fiC %9 % KE23E T LEN FUlEE/ERIHEIC B 2 910 C
DG LD,

PLC/PRF/5 #iff 35 & O HepG2 #Ef Iz >V C ik, [KEA#E T SFB HilEE/E
PUPEIXBEIC R ST D 229, (KRR O LEN 2h 3Ot Cld PLC/PRF/S #lifia
2BV T SFB O FeATHISE & FEEL oMM Z 7~ L7223, HepG2 MRz 8V TIEK
fe32 T SFB JeAThgE & L~ ARWFFETIT ICso D EHFIT/NS o7,
PLC/PRF/5 i3 SFB, LEN |TREZMEOM TH D Z L3 dhE SN TEY

W ARBEFE OB LD S HITRZMEME T L7 LB A BN D, —75, HepG2

=

FEIZDWTIX LEN XV b SFB D% 9 TREEMER @G 3D b 203, @R
R THIREEZMEL R LA ORI R L IR T 26D LB R D,

K25 T LEN HUIES/E ARG D 2 71 = X K% f#HT9 % 72 12 bioinformatics
analysis Z 1TV fibronectin DBAG-NEE THH Z & 2B 57T L7, Fibronectin
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TS B E, ANETRE 7R & IEFE ML CORE] 32300 1T H BRSO fis
B, OERERME,. IR S LTV D 2 E R DER TV S, AR
(ZBIBR S AU72 HCC (X IEH FAIEIZ B~ T fibronectin 23 FEIFEEHL L TNz &9
W Vb b HCC IZBW TR Z DR EAN K& WAHEM & %, Fibronectin 72 &
? ECM 3 HUEAIOBEMEICBI 53 2 1L B, e & opfi Tl D&
. BARE ORI E O TR 2 et L 728228\ VT h ECM O
B REIN TS ), S 61T, KA ECM ORBFHEIZRER L T\ D 2
2OV THHENH 5 449, PLC/PRF/S Al TOMFETIL, HIF1IA R L)L
I3, AR R R IESLNIE— 7122 L, FNI FEL L~ULT HIF1IA EEL L
NDE— 7 RFEIND 48h RITH b LM S vz, ABEORFRIL, HCC 2B
% HIF1A OFBLE MR ETE % 24 FFRILINIZ EH-32 25 B8 AFEIZE T
HAKIESE T T FNI OF B ET, HIFIA ORBEL YV BN TERET 09

WEOREEZLZFHETIHHLDOTH 7= P49, w Y ta Tt L7 PLC/PRF/S

O

r

AR fibronectin FEHLEITRIEFE T THIMASMCIB VT RE S B L, @HEE
FTFD LEN SN X VR T T 2m Th o7z, & HIZ ELISA THREF LT
PLC/PRF/5 MO W1 @ fibronectin J2 % (% LEN (-) §&F Cldi@wiE#%E

NTEEEAE T 23 %I EH L, LEN (+) S TIT@FEREBICHEANERETIT 1.6
2 B Uiz, BL ko Z & & PLC/PRF/S il ORISR TAEITIC L 0 | 8
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W58 T LEN RIS & 0 FAHIHE S fv, AKERSE T LJ7 S iz @7 #E oK
#F & LT FNI i Sz 2 & 25 E 2 5 & PLC/PRF/S MIfRIZIWCiE,
H AT T ClL LEN OB TIL72W 23 fibronectin 2K T W 52503 &
53, {KEEFE T Tl HIF-lo 72 & OERGFREK 123555 S 41, fibronectin D PEAE
MICHET D Z & TLEN OZNRNEE T 5 2 L NEAEPHEZ S sk 5 A =
ALDONEDTHD EHERIND, —J7. HepG2 MMAIZI W\ TIiX, fibronectin &
HEFE Y1 L ORI H O ELISA W IUCB W T HORIEDO KX 22 88)1X
R o> 72, HepG2 Mifid E 721X PLC/PRF/S M o> bz it (EMT) ~
— A — TN WmEIC L D & mE SR KRR K BT, fibronectin & [FIEED
EMT ~—#—"T& 5 vimentin OFEH L~V TR E < Bin Db = L 03
BENTWD Y, £, vimentin & fibronectin DRI ITHIBEBE RN H D = & ¢
WEINTND B oz Lhve, PLC/PRE/S fifid & HepG2 flifid Tl

fibronectin DFEHEITIED B U | AKERSE T T fibronectin D263, PLC/PRF/5
HIRIZ e DBIG Th 5 L HEHI Z 415, Fibronectin 23MER2FE FIZH51F 5 LEN 14
PICHEBE R DH 2 L 2B E 2 T, IR MM o fibronectin /£1E F O
gemcitabine DIRFERHLME % fibronectin [HEAITH 5 RGDS OOfFHIZ L 0 kR L
Toih i 20% 2|2, PLC/PRF/S flifid z IV CIEE23E T C LEN & RGDS Off ] 5
BRAAT o720y, AE7e LEN FUEGEREPIMEMIRIIR SR h o 72 (data not

22



shown), — /7. PLC/PRF/5 #1235V T FN1 knockdown (2 & ¥ {KE£3 F C LEN
EBIERORE 2R L7 Z &6, PLC/PRF/S Mo X 5 7Kg <
fibronectin DPEAEN EH9 5 K9 MEE % &> HCC 126 LT, BAWZRET
(372 < BRI fibronectin DB TS 7TV ZAEFT L Z Lid, KRR T
LEN FUESEHIRTIMEOMRICEE R A N T T U — L R 5 A[REMEDR H 5,

S O, MIFEIHICES L CHEE R Y 7 VRERE & L THIBLS mitogen-
activated protein kinase (MAPK)® key signaling molecule T % ERK1/2 {25\ T
B R G DFRBENT 24T > 7=, ERK1/2 1Z, LEN O/ER £ C& % FGFR @ Tt
KRy E E L THIBIL, HCC fifatk Td 5 Hep3B2.1-7 i, Huh-7 fifu 2 H
VW2 328 T ERKI1/2 OiEMEA L2 > /X7 Th % p-ERK1/2 28 LEN OFEHIZ LY
THHE SN D &V ®ERDH D D, ABFZEICISV T PLC/PRF/S HifidiZ 3T
K32 T 24 h TO p-ERK1/2 OFH LR/ 2R L7z, —77, (KEE#EIL ERK &1
PEAE L. 1&ME L &7z ERK X HIF-1o 2 L5625 2 L8 m b Tng 52,
ERKI12 13V U fb D Z LT KV TEHIL L, BN T2 Etkc 288 %2 U
VLT D Z LT X0 MBS, AT HIARSE R & o BB R B BIfR
T2 2L &EET D L PLC/PRF/S Ml ds v CIEER SR TA b 417z ERK1/2 D
EHEALIZ S DIC TROMBEAN Y 2 A EE 5 2, HIF-lo OEMEL L
fibronectin OFBLTHEIZ B HEIL TW o LHEE SNz, — ., BHEEERB LUK
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252 T 48 h TiX LEN IRINEED p-ERK1/2 HHL EH 1%, ATME Ve E L LT
HE LITRRDFERTH oo, BIZBYEIZK LT TKI T % nilotinib Z{FH &
B & 2 AP LI H & RS p-ERK1/2 OIEMLRABZE IS TWD 39,
PLC/PRF/5 i Ci% LEN Ji&s " Hep3B2.1-7 #lid, Huh-7 MY & 13572V LEN
DYEM A MAPK & O il & AR & 77, MAPK fRB& 2 L CTiE "7 F¥
INVIERZ B 725 L, M oOMEI O ME & LT LEN f#4£ F T p-ERK1/2 2%
IEMEAL L7 mTHEME 25 2. D, HepG2 M@ p-ERK1/2 D Z#)% PLC/PRF/5 #fifid
&R D RMESE T 48 h THRIL LA HER S 7z, HepG2 Ml o> 48 W¢fii#£ O p-
ERK1/2 OFEEL/ % — 1%, PLC/PRF/5 D 24 IRefi]th DIEEL/ S Z — 1 & Rk
Th oo, KRR K D HepG2 ML DAL FIIE A~ D 2 FH ~ 7o SeATHFZE Tl
(KRR BRIA ) & 48 BB p-ERK1/2 ORBNE — 71 ZET D 2 & 2N HE
ENTWDS O SEOFERLEGDETEZD L., HepG2 fIEDIKIEHEIC L 5 p-
ERK1/2 D% E 51X, PLC/PRF/5 flifdd p-ERK1/2 OFHL EH L0 HiE < Z
HEMRIND, MIIEIZ XD ISDZERNED 5 DN HfER E 72T,
ABFFETIT HCC Mflatkz Hv T, KE2S T o> LEN HUISE UM 2 iR
L. TORF & LTECM Th 5 fibronectin 73 HCC Hifidik PLC/PRF/5 Hifid DK
Fesk Tl S5 LEN SUEGE Gt I m el 2 Rl 2 & 2R LT,
Fibronectin (X1 7 7'V LG LHIRANS F PV Z{miZET 52 &b T
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W5 I SEIORERERE 25 &, ERK1/2 OEMHALIT LEN OEH O ME &
L COIEMEITZT TiE/e <, HCC O3 - HEICAET 22 E2 6N
(Fig.8), Fibronectin } (F Fibronectin BEEFE I 4 PR 9 5 FEAI O BHFE 13 fibronectin
PEAEMNTLHE LT D HCC 12X 5 LEN IRIRICZ KR EME 720 T &5 25

o,
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6. FEE

K LOTERUZ H T2V | RAGTEHARE 2R S, 250 £ LR AbER
SRR H I B PP — B, RALERSER AR A
s T AR &R L B9,

AW ZAT DI HT2 0 . RAGEHARE 2R S L 2 5 0 £ Lo ALER
SRR EFHEIR R A 2= M= U 2R 7 b NS PR C#d%, sRAbE
PHER R AR B A 220 ) [T WIHERERI O X 0 &#HH L BT %
T FElo, WHEEAT O LTHBIE - Hdfie SRS EEEE W2 E £ LR
RPN P SRt 2 deds. B Rsnied, RALEFR
SRR IR R P I e RN SRR D &0 R
L EFEd, RIEERESEMIEEZRNRE — (bR #E ks —
Pz, NEEZSE, R EICZ ORI ETHEE LI 20 LY
T L BT ET,

RFBEHEFNT 720 2RI DB E 205 0 £ U7 RACERER R 55
B WEBERE BBIRICL L0 EHP L B ET,
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Fig. 1 The position of LEN in HCC. (A) BCLC (Barcelona Clinic Liver Cancer) staging
system and treatment strategy in European Association for the Study of the Liver. (B)
NCCN Guidelines Version 2. 2021 Hepatocellular Carcinoma.
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Fig. 2 Hypoxia induce resistance to lenvatinib-induced cytotoxicity while lenvatinib
dose response effects differ among hepatocellular carcinoma (HCC) cell lines. (A)
PLC/PRF/5 cells and (B) HepG2 cells seeded on 96-well plates at a density of 1x10*
cells/well, were incubated with increasing concentrations of lenvatinib for 72h in
normoxia (95% air and 5%CQ2) or hypoxia (94%N2, 19%0; and 5%CO,) condition and
evaluated for cell viability using the MTS assay. Data are mean+ SEM of triplicate
determinations. *p<0.05, **p<0.01 for normoxia vs hypoxia conducted by student’s t-test.
(C) ICsp values for lenvatinib in different HCC cell lines were calculated using JMP 14.2

software.
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Fig. 3 Global gene expression profiling shows the involvement of the extracellular

matrix component fibronectin for the resistance of lenvatinib under hypoxia in

PLC/PRF/5 cells. (A) Gene Ontology (GO) analysis using the DAVID. The representative

cell component terms with top 10 enrichment score are presented. The horizon axis

represents the significance (p value) for each term, vertical axis represents the GO terms

for cell component. (B) The protein-protein interaction network analysis using the

STRING. FN1 is surrounded by a red frame.
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Fig. 4 The mRNA expression levels of HIF1A and FN1 in PLC/PRF/S cells under

normoxia and hypoxia. (A) The mRNA expression levels of (A) HIF1IA (0 h under

normoxia HIFIA/ACTB=1) and (B) FN1 (0 h under normoxia FN1/ACTB=1). 0 h refers

to the time after 12-h pre-culture. Data are mean+ SEM of duplicate determinations.

*p<0.05, **p<0.01, conducted by two-way ANOVA followed by Turkey’s post hoc test.
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Fig. 5 Fibronectin around PLC/PRF/5 cells and in culture medium is upregulated

under hypoxia. (A) The fibronectin localization was analyzed by immunofluorescence

staining in PLC/PRF/5 and HepG2 cells. The green color indicates the localization of

fibronectin. Nuclei were visualized with DAPI staining in blue. Scale bar represents 200

pum. Fibronectin concentration in culture medium at (B) PLC/PRF/S5 cells and (C) HepG2

cells using ELISA. Data are mean+SEM of duplicate determinations. *p<0.05,

conducted by one-way ANOVA followed by Turkey’s post hoc test. (LEN concentration;

PLC/PRF/5 : 17.5uM, HepG2 : 25uM.)
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Fig. 6 Knockdown effect of FN1 for lenvatinib effect under hypoxia in PLC/PRF/5
cells. (A) FN1 mRNA expression levels 36 h after siRNA knockdown of FNI1 in
PLC/PRF/5 cells cultured in normoxia compared with negative control siRNA. It is
shown by a fold change with the expression levels at 0 h as 1. (B) To study the effect of
lenvatinib on FN1 knockdown in hypoxia, cell viabilities was examined at 48 h by using
MTS assay for PLC/PRF/5 cells cultured in hypoxia with FN1 siRNA or a negative
control siRNA. Data are mean + SEM of duplicate determinations. **p<0.01, conducted
by one-way ANOVA followed by Turkey’s post hoc test. LEN concentration;
PLC/PRF/5 : 17.5uM, HepG2 : 25uM. Control, without transfection reagent; NC,

negative control siRNA; siRNA, FN1 siRNA
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Fig. 7 ERKI1/2 is activated under hypoxia in PLC/PRF/S cells. (A) PLC/PRF/5 cells

and (B) HepG2 cells for ERK1/2 expression levels using the western blot analysis. B-
actin was used as a loading control. LEN concentration; PLC/PRF/S : 17.5uM, HepG2 :

25uM. p-ERK1/2, phospho-ERK1/2; w-ERK, whole ERK1/2
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Table. 1 List of top 50 the most down-regulated genes with lenvatinib compared to

without lenvatinib under normoxia.

RefSeq id symbol description ratio
XR_942480.1 PGM3 phosphoglucomutase 3 0.16
NM_006931.2 SLC2A3 solute carrier family 2 member 3 0.20
NM_001134.2 AFP alpha fetoprotein 0.21
NR_046371.1 CP ceruloplasmin (ferroxidase) 0.21
XM_011522450.1 RAB26 RAB26, member RAS oncogene family 0.23
NM_015303.3 VPS8 VPS8, CORVET complex subunit 0.23
XM_011535916.1  AHI1 Abelson helper integration site 1 0.24
XR_931950.1 PIGB phosphatidylinositol glycan anchor biosynthesis class B 0.26
XM_011519179.1 WDR34 WD repeat domain 34 0.26
NR_036462.1 APITD1 apoptosis-inducing, TAF9-like domain 1 0.27
NM_000935.2 PLOD?2 procollagen-lysine, 2-oxoglutarate 5-dioxygenase 2 0.27
NM_212474.2 FN1 fibronectin 1 0.30
NM_031935.2 HMCN1 hemicentin 1 0.32
XM_0115167921 NDRG1 N-myc downstream regulated 1 0.33
NM_001402.5 EEF1A1 eukaryotic translation elongation factor 1 alpha 1 0.33
NM_021979.3 HSPA2 heat shock protein family A (Hsp70) member 2 0.33
NM_003670.2 BHLHE40  basic helix-loop-helix family member e40 0.35
NM_016378.3 VCX2 variable charge, X-linked 2 0.36
NM_001127400.1 YPEL5 yippee like 5 0.37
NM_001282663.1 MICAL2 microtubule associated monooxygenase, calponin and LIM domain containing 2 0.38
NM_001317120.1  ZNF331 zinc finger protein 331 0.38
NM_153365.2 TAPT1 transmembrane anterior posterior transformation 1 0.38
NR_002780.1 HIGD2B HIG1 hypoxia inducible domain family member 2B 0.39
NM_032049.3 AGTR1 angiotensin 11 receptor type 1 0.40
NM_004354.2 CCNG2 cyclin G2 0.40
XM_005254117.2 ADAM10 ADAM metallopeptidase domain 10 0.41
NM_001301837.1  C120rf57 chromosome 12 open reading frame 57 0.41
NM_001013398.1  IGFBP3 insulin like growth factor binding protein 3 0.41
NM_138391.4 TMEM183A transmembrane protein 183A 0.42
NM_001063.3 TF transferrin 0.43
NM_001122839.1 SLC50A1 solute carrier family 50 member 1 0.43
NM_001166451.1 KNG1 kininogen 1 0.43
NM_018004.2 TMEM45A  transmembrane protein 45A 0.43
XM_005244940.3 EFNA1 ephrin-Al 0.43
NM_152288.2 ORAI3 ORAII calcium release-activated calcium modulator 3 0.43
NM_017582.6 UBE2Q1 ubiquitin conjugating enzyme E2Q family member 1 0.43
NM_022735.3 ACBD3 acyl-CoA binding domain containing 3 0.43
XM_006711051.1 TMEM59 transmembrane protein 59 0.45
NM_012180.2 FBXO8 F-box protein 8 0.45
NM_000756.3 CRH corticotropin releasing hormone 0.45
NM_018433.5 KDM3A lysine demethylase 3A 0.45
XM_006721903.1 NBR1 neighbor of BRCA1 gene 1 0.46
XM_011517299.1 DERL1 derlin 1 0.46
NM_183065.2 TMEM107  transmembrane protein 107 0.46
NM_001253384.1 RPL15 ribosomal protein L15 0.46
NM_080605.3 B3GALT6  Beta-1,3-galactosyltransferase 6 0.47
NM_001823.4 CKB creatine kinase, brain 0.47
NM_013332.3 HILPDA hypoxia inducible lipid droplet associated 0.47
XR_926244.1 TDP2 tyrosyl-DNA phosphodiesterase 2 0.47
NM_001243280.1 ALCAM activated leukocyte cell adhesion molecule 0.48
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Table. 2 List of top 50 the most up-regulated genes with lenvatinib under hypoxia

compared to with lenvatinib under normoxia.

RefSeq_id symbol description ratio
XM_011516792.1 NDRG1 N-myc downstream regulated 1 24.37
NM_006931.2 SLC2A3 solute carrier family 2 member 3 15.47
NM_013332.3 HILPDA hypoxia inducible lipid droplet associated 9.55
NM_001823.4 CKB creatine kinase, brain 7.03
NM_000935.2 PLOD2 procollagen-lysine, 2-oxoglutarate 5-dioxygenase 2 5.64
XR_942480.1 PGM3 phosphoglucomutase 3 4.72
XM_005244940.3 EFNA1 ephrin-Al 4.62
NM_018004.2 TMEM45A  transmembrane protein 45A 4.52
NM_015303.3 VPS8 VPS8, CORVET complex subunit 4.24
NM_001142595.1 P4HA1 prolyl 4-hydroxylase subunit alpha 1 3.99
XM_011536684.1 ERO1A endoplasmic reticulum oxidoreductase alpha 3.97
XM_011522450.1 RAB26 RAB26, member RAS oncogene family 3.92
NR_033361.1 TMCC1 transmembrane and coiled-coil domain family 1 3.81
NR_046371.1 CcpP ceruloplasmin (ferroxidase) 3.76
NM_003670.2 BHLHE40  hasic helix-loop-helix family member e40 3.74
NM_001013398.1 IGFBP3 insulin like growth factor binding protein 3 3.67
XM_011519179.1 WDR34 WD repeat domain 34 3.59
NM_001289910.1 IDH2 isocitrate dehydrogenase 2 (NADP+), mitochondrial 3.58
NM_001292030.1 TTC39C tetratricopeptide repeat domain 39C 3.47
NM_001001701.3 Cdorf3 chromosome 4 open reading frame 3 3.45
NM_001300965.1 CSRP2 cysteine and glycine rich protein 2 341
XR_926244.1 TDP2 tyrosyl-DNA phosphodiesterase 2 3.39
XM_011536684.1 ERO1A endoplasmic reticulum oxidoreductase alpha 3.38
NM_001291737.1 CD24 CD24 molecule 3.34
NM_000756.3 CRH corticotropin releasing hormone 3.28
NM_001284213.2 CAST calpastatin 3.14
NR_036462.1 APITD1 apoptosis-inducing, TAF9-like domain 1 3.13
NM_001063.3 TF transferrin 3.11
NM_001317120.1 ZNF331 zinc finger protein 331 3.06
NM_001122839.1 SLC50A1 solute carrier family 50 member 1 3.06
XM_011540001.1 ALDH18A1 aldehyde dehydrogenase 18 family member Al 3.01
NM_001127400.1 YPEL5 yippee like 5 2.89
NM_001134.2 AFP alpha fetoprotein 2.83
NM_001005353.2 AK4 adenylate kinase 4 2.81
XM_006718315.1 Cllorf49 chromosome 11 open reading frame 49 2.76
NM_004354.2 CCNG2 cyclin G2 2.74
XM_011519493.1 PFKFB3 6-phosphofructo-2-kinase/fructose-2,6-biphosphatase 3 2.73
NM_002305.3 LGALS1 lectin, galactoside-hinding, soluble, 1 2.73
NM_000158.3 GBE1 glucan (1,4-alpha-), branching enzyme 1 271
NM_000291.3 PGK1 phosphoglycerate kinase 1 2.71
NM_152288.2 ORAI3 ORAI calcium release-activated calcium modulator 3 2.68
XM_011524267.1 LRRC37B leucine rich repeat containing 37B 2.67
NM_001160094.1 ACOT13 acyl-CoA thioesterase 13 2.62
XM_011509387.1 TMEM9 transmembrane protein 9 2.61
NM_018433.5 KDM3A lysine demethylase 3A 2.58
NM_001301837.1 C120rf57 chromosome 12 open reading frame 57 2.57
NM_001102426.1 TBC1D8 TBC1 domain family member 8 2.57
NM_212474.2 FN1 fibronectin 1 2.53
NR_033421.1 SLC11A2 solute carrier family 11 member 2 2.49
XR_931950.1 PIGB phosphatidylinositol glycan anchor biosynthesis class B 2.44

48



Table. 3 List of the top 50 genes that were common to two comparisons and had the
highest rate of change. ("Ratio of global normalization value with lenvatinib under
hypoxia compared with lenvatinib under normoxia" versus "ratio of global normalization

value with lenvatinib as compared to without lenvatinib under normoxia")

RefSeq_id symbol description rate of change
NM_006931.2 SLC2A3 solute carrier family 2 member 3 76.40
XM_011516792.1 NDRG1 N-myc downstream regulated 1 73.82
XR_942480.1 PGM3 phosphoglucomutase 3 30.05
NM_000935.2 PLOD2 procollagen-lysine, 2-oxoglutarate 5-dioxygenase 2 20.56
NM_013332.3 HILPDA hypoxia inducible lipid droplet associated 20.28
NM_015303.3 VPS8 VPS8, CORVET complex subunit 18.31
NR_046371.1 CP ceruloplasmin (ferroxidase) 17.55
XM_011522450.1 RAB26 RAB26, member RAS oncogene family 17.13
NM_001823.4 CKB creatine kinase, brain 14.99
XM_011519179.1 WDR34 WD repeat domain 34 13.89
NM_001134.2 AFP alpha fetoprotein 13.52
NR_036462.1 APITD1 apoptosis-inducing, TAF9-like domain 1 11.56
XM_005244940.3 EFNA1 ephrin-Al 10.75
NM_003670.2 BHLHE40 basic helix-loop-helix family member e40 10.67
NM_018004.2 TMEM45A  transmembrane protein 45A 10.56
XM_011535916.1 AHI1 Abelson helper integration site 1 9.84
XR_931950.1 PIGB phosphatidylinositol glycan anchor biosynthesis class B 9.56
NM_001013398.1 IGFBP3 insulin like growth factor binding protein 3 8.90
NM_212474.2 FN1 fibronectin 1 8.51
NM_001317120.1 ZNF331 zinc finger protein 331 8.05
NM_001127400.1  YPEL5 yippee like 5 7.84
NR_033361.1 TMCC1 transmembrane and coiled-coil domain family 1 7.63
XM_011536684.1 ERO1A endoplasmic reticulum oxidoreductase alpha 7.45
NM_031935.2 HMCN1 hemicentin 1 7.34
NM_001063.3 TF transferrin 7.31
NM_000756.3 CRH corticotropin releasing hormone 7.31
NM_001122839.1 SLC50A1 solute carrier family 50 member 1 7.19
NM_001001701.3 Cdorf3 chromosome 4 open reading frame 3 7.17
XR_926244.1 TDP2 tyrosyl-DNA phosphodiesterase 2 7.15
NM_004354.2 CCNG2 cyclin G2 6.85
NM_001142595.1 P4AHAL prolyl 4-hydroxylase subunit alpha 1 6.78
NM_001301837.1 C12orf57 chromosome 12 open reading frame 57 6.24
NM_152288.2 ORAI3 ORAI calcium release-activated calcium modulator 3 6.23
XM_011536684.1 ERO1A endoplasmic reticulum oxidoreductase alpha 5.96
NM_001292030.1 = TTC39C tetratricopeptide repeat domain 39C 5.89
NR_002780.1 HIGD2B HIG1 hypoxia inducible domain family member 2B 5.79
NM_018433.5 KDM3A lysine demethylase 3A 5.70
NM_001291737.1  CD24 CD24 molecule 5.65
NM_001289910.1 IDH2 isocitrate dehydrogenase 2 (NADP+), mitochondrial 5.53
NM_021979.3 HSPA2 heat shock protein family A (Hsp70) member 2 5.36
XM_011524267.1 LRRC37B leucine rich repeat containing 37B 5.35
NM_138391.4 TMEM183A transmembrane protein 183A 5.33
NM_001300965.1 CSRP2 cysteine and glycine rich protein 2 5.09
XM_011509387.1 TMEM9 transmembrane protein 9 5.07
NM_032049.3 AGTR1 angiotensin Il receptor type 1 5.04
NM_001402.5 EEF1A1 eukaryotic translation elongation factor 1 alpha 1 5.02
XR_946695.1 ECHDC2 enoyl-CoA hydratase domain containing 2 4.96
NM_001282663.1 MICAL2 microtubule associated monooxygenase, calponin and LIM domain containing 2 4.95
XM_011519493.1 PFKFB3 6-phosphofructo-2-kinase/fructose-2,6-biphosphatase 3 4.93
NM_002305.3 LGALS1 lectin, galactoside-binding, soluble, 1 491
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