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FEEBEAIE A MA-18H1 (myeloid cell leukemia-1, MCL1) {55 . REGELATAS102E 240 THCC sphereff) ¥ . Zh#5%E
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[ Abstract] Background and purpose: Both regorafenib (REG) and TAS102 are novel anti-tumor drugs in the treatment of the
digestive cancers. REG in combination with 5-fluorouracil (5-FU), a pyrimidine analogue, could inhibit the progression of multi-
drug resistant metastatic colorectal cancer. Cancer stem cells (CSCs) determine tumor self-renewal, heterogeneity and therapeutic
resistance, and targeting CSCs provides a curable approach to multiple malignancies. This study aimed to investigate the therapeutic
effect and potential mechanism of REG in combination with TAS102 against hepatocellular carcinoma (HCC). Methods: A panel
of human liver cancer cell lines HepG2, Huh7 and SK-Hep1 were used in this study. Liver cancer cells and xenograft tumor animals
were treated with REG and TAS102 monotherapy or combining regimen. Cell counting kit-8 (CCK-8) was used to assess HCC
cell viability. The subpopulations of CD133 positive cells were detected and analyzed using flow cytometry. Western blot was
used to evaluate these protein contents in HCC cells with diverse drug treatments. HCC spheres were cultured in growing sphere
medium with diverse drugs. Xenograft tumor animals were used to assess the therapeutic effect in vivo. Results: REG or TAS102
monotherapy significantly inhibited HCC cell viability. TAS102 in combination therapy reduced the increase of CD133" cell
subpopulation, SRY-related high mobility group box protein-2 (SOX2) and aldehyde dehydrogenase 1A (ALDH1A) expressions
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induced by REG alone. Moreover, REG attenuated TAS102-induced myeloid cell leukemia-1 (MCL-1) expression. REG in
combination with TAS102 ameliorated the formation of HCC sphere. Animal experiment demonstrated that REG in combination with

TAS102 significantly eliminated HCC tumor growth in xenograft animals. Conclusion: REG in combination with TAS102 regulates

HCC stemness and MCL-1 signaling and improves the therapeutic effect against HCC. The combination therapy may provide a novel

strategy for refractory HCC patients.

[Key words] Regorafenib; TAS102; Cancer stem cell; Combination therapy; Hepatocellular carcinoma

¥k dEJE (regorafenib, REG ) J&—Ffr
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TEOHIE 22— I R B S H g st
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TAS1027& i R H (trifluridine, FTD) J
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1.1.1 53X F
HABIAFITAS102 (5845881525, 4fiJE98% )
FIREG (£85R843747, 4lif598% ) ¥y [ ¥ [
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2K Stemcell Technologies’A ], CD133-conjugated
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1A (aldehyde dehydrogenase 1A, ALDHIA ) &
BEAAE 1 M- 185 1 (myeloid cell leukemia-1,
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112 %Emie
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1.2 Ak
121 %3sni
ST X R (control ) 4. REGH .
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Tab.1 Cell experiment grouping with treatment of different regimens

Drug

Control REG
treatment

TAS102 REG+TAS102

Repetition 2-3 2-3 2-3 2-3

x2 AEHBYALEHNEYEL 5 H
Tab.2 Mouse experiment grouping with treatment of different regimens

Drug

REG+TAS102
treatment

Control REG TAS102

Mouse 4 6 6 5

1.2.2  #@@pe it XA & (cell counting kit-8,
CCK-8 ) #:m| 2mjei& #

4 000 HCCHH ML dh B 96f Lk 1, 1%
GBS A2 mol/L TAS102 A 5 mol/L REGZ3
oA AL FE48 he JITA10 pL CCK-8IAFIIR &
2 h, 8RR ORI B LIS 450 nmAh I GRS

(D) {H. MTCCK-8 [ fbF#4: 2-2-H A IH-4-
THAR L )-3-(4- A PR IE)-5-(2,4- i HL TR ) -2 H- P s
PAENER | R A0 SR AR SR TR, B VTR
) RTINS
1.2.3  CDI133 MM -F 4m e, T2 BE ) 44 4

AR 2GR 48 hE ITHCCANME, il FHm Bt
FOCE WL HE M (phycoerythrin, PE) [JCD133
FOCHARIE30 min/5, SRR (£E
BD/A ] ) K CD133BHIEAR LN A 40 b s 45
A 4R,

1.2.4 BT 2apesk (HCC sphere ) #9357

F4EFL20 0001 HCCAN i fE /b 2124 FL YK Eh
BRPERE SRR, S AN W] 245 0 ek 1 4 R 8 77
FEARSNE TR AN I8 d, MEFLIHCC sphere
PIE RS, IS B (18 H H AOlympus
OS] ) R K A0 BRI X EAR>60 pmZH Bk

5
1.2.5 ZZ@Feraix ( Western blot ) A& 4 fieL 1A
FakF

WA E 25 W) b BRIS ) A M, i IRIPAZE
M AR SR, BCAEE G, REAL
i 12~20 g LFET10%~12% —hi A iR
R IR EE S FL YK ( sodium dodecyl sulphate
polyacrylamide gel electrophoresis, SDS-PAGE )

ferp, B EEBREZ MRS (XCell system,
FHEInvitrogen/Aw] ) H14 BN [RIAH XS 43 i
IR o BN AT T B 8
TEEE R i 240 (Bio-Rad, 32[EInvitrogen
o) FEAAFIPVDEIE [, ff 1 109% 508 4~ 05 ¢
WG, 5—bid4 CHREE . FHN BB A
LY —HiiRE , & HEER G R &
o Image JAKARIN & 25 11 551 1)1 4 6 5% B
i (average optical intensity, AOI) [ 5%H7 K
i, 5NZSHEEIGAPDH AOIE, A& FE
AR X
1.2.6 Zhih %k

AR TT 1 BN ER R A A B 2R 5 2
NUE, B K SEO sh (i Je4edE 27 3
& W, BAC. B1k” AY3RsIFEM, BALB/c#f
INEUEE T AR 2 x 1040, ffRd e
i F b RN 2~3 dill R R K AR e A2, %
HRA 0.5 x £ x SR AR BT 241 A= K ih
2, LASERBRAL Y, RERAR IR .
127 ZHapha 2

0 A 5295 8 FH2 mol/L TAS102/%25 mol/L REG
A3 BB A AL FE3FRHCC AN ; sh¥ s
TAS 1023 T 5% % TN 3k HH L 41 4 28 L i) il 2k
FE20 mg/mLIEWR , 4 CHEfF&H. REGHMTIA
A N42.5% = 42.5% = 15.0% RN BRI
Pt/ 3R AR O 0 SR AR s Tk v BE L SR A 1 88
PC VR 1 mg/mLIEWR, 4 CAEfER .
TAS102#%4% H 100 mg/kghF H 27k H 4425, REG
R HS0 meg/kgB HIRFEB A2y, ELSNZ
3JE,
1.3 SritZ4ahiE

THECF R Y £ sFn, AL 28 52K i 56
(Student’s ¢ test, X&) ; Z4MHLECRHPHER
Ji 2ZANOVASHHT. A Geit i HSPSS 17.048112%
BAFHAT 0T P<0.05 M2ERA 501 FE X,

2 7 R
2.1 REG#HITAS1028 25 K Bx & {F F (R AT= 4
fai&E A1

CCK-8KM 25 R4 B, REG M TAS102H.25 5,
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A AL R, 00T REZH 1) 1 25 U1K 1 370 JH-J6a 4 e
%1 (HepG2: Control41°40.491 +0.023, TAS102
2H°40.388 +0.013, REG# 50.380 +0.022,
REG+TAS10244°450.379 + 0.014; Huh7: Control
2H 50.738 +0.018, TAS10244°450.571 +0.011,
REG#4 }50.534+0.015, REG+TAS1024
H0.564+0.011; SK-Hepl: ControlZlk
0.696 +0.014, TAS10241°40.493 +0.034, REG4]
50.465 + 0.047, REG+TAS1024H°40.388 +0.007 )
(1, P<0.05) . H1SK-Hepl 44 2
BORp LRI R T HG R A AL I RIVE R
M 7EHepG2 X Huh 74 ffd b, BRG 25 Bs i
FHE RIS IO o
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0.0 -

SK-Hepl

1 REGHEXATAS1024 32 3THCCLHAEE 1RSI
Fig.1 The effect of REG in combination with TAS102 on liver
cancer cell viability

T: TASlOZ;R:A REG; T+R: Combination.”: P<0.05, compared with
control group; *: P<0.05, compared with REG monotherapy; ~: P<0.05,
compared with TAS102 monotherapy; NS: P>0.05

2.2 TAS102TAREGEHE S MAICD133fH Y
(+) ¢ARaEFEELL 5

CDI33 RN T4 (liver cancer stem
cell, LCSC) KM EZEMIrEm . Wzl
O ARG I 45 5 & B, TAS1028125 i B WK T
3M AL CD 133740 My W AF b ( HepG2:
ControlZd 553.33% +3.22%, TAS1024
H13.11% +£2.76%; Huh7: ControlZlH
49.14% +3.32%, TAS1024°418.28% +2.56%;
SK-Hepl: Control2Hl ~58.73% + 4.22%,
TAS10240 H15.37% +2.76% ) ( EI2A.
B, P<0.05) ., fEHepG2 X Huh74ijE

5 mol/L REGHiZ4AbHH i 17 T CD133 4 ity
WA ( HepG2 REGH1-N78.19% + 4.93%;
Huh7 REG#H #582.46% +2.28% ) ([E2A. B,
P<0.05) . REGHZYALHEE, B 2y W Ik AIG
T CDI133" 4 i W Hf b il ( HepG2 REG+TAS102
4 °H56.32% +2.00%; Huh7 REG+TAS1024
$933.28% +2.90% ) (K2A. B, P<0.05) .
TESK-Hepl ifig, ANEHAHAB B ETIHT
CDI133 40w #f k%] ( SK-Hepl: Control4
}958.73% + 4.22%, REG#429.29% + 4.28%,
TAS10244°415.37% + 2.76%, REG+TAS1024H M
18.48% +3.00% ) ([E2A. B, P<0.05) .

2.3 REGEt&TAS102iF#=S0OX2, ALDH1AK
MCL1#yRI%

AW R KM, TAS102 5 245 kb 3
3tk Ly, HXFM4 (SOX2: Huh7h
1.00 + 0.03, HepG2:40.70 + 0.05, SK-Hepl Xy
1.71 +0.15; ALDHIA: Huh741.62+0.03,
HepG241.40 +0.07, SK-Hepl 51.59+0.02)
A, SOX2 (Huh740.50 +0.09, HepG2H
0.42+0.11, SK-Hepl}1.15+0.03) & ALDHIA
(Huh7:50.7240.01, HepG2~1.10+0.01,
SK-Hepl 50.88 +0.02 ) (4 H AH R kK
S 5 F AR (E3A~C, P<0.05) . HepG2X
Huh74i i, REGHL.Z5403E (SOX2: Huh7h
1.19+0.04, HepG2770.78 +0.02; ALDHIA
Huh741.48+0.03, HepG2H1.62+0.02) 5
controlZHAH L, XFSOX2 & ALDHIAR /K
A A B8R T (KI3A~C) o
A HAMREGHZ A (SOX2: Huh7H
0.54 £ 0.05, HepG250.60 +0.06; ALDHIA:
Huh7:40.60 + 0.04, HepG241.28 +0.03 ) ¥
T T SOX2 % ALDHIAEE 17K F- ([E3A~C,
P<0.05) ., 7ESK-HeplH', NFEIALHLBET
FSOX2 (controlZHM1.71 £0.15, TAS1024H K
1.15+0.03, REGZ1°~1.25+0.03, REG+TAS102
HH0.51+0.02) MALDHI1A (control4
$91.59+£0.02, TAS10241°50.88 +0.02,
REG#4 51.08+0.02, REG+TAS1024
$790.86+0.02) WEHKF (K3A~C,
P<0.05) . M4, 3FF4HAE P REG S 25 4b $H
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(Huh7#40.17 £ 0.03, HepG240.13 +0.00, G (Huh7/0.97 +0.05, HepG2H
SK-Hepl1#0.35+0.06) X (Huh728  0.47+0.00) 3 TAS102 524 4b 3 i 2 9K T
0.40+0.02, HepG2#0.35+0.01, SK-Hepl  MCL-1&HKFE (KE3A. D, P<0.05) .
F1.14+£0.11) BFT#H TMCL-1KF ( H TESK-HeplH, TAS102XfMCL-1 M JH#A
3A. D, P<0.05) . fEHepG1LHuh74iM B (controli H1.14+0.11, TAS10241 %W
1, TAS102M 2R PR X MRAH B 4w T 1.24+0.04) ([E3A. D, P>0.05) .,
MCL-1/KF (E3A. D, P<0.05) ; il

A B
C R T R+T
™I Ml MI'| M1 z
[| 54.53% 77.09% ‘|ﬂ3.65% , 57.35% 120 4 2©
i
HepG2 I M [l /] X T
II| I". [ | H'. A $ 100 { wgsT
I\ m’ﬂ‘ \’\ J A / l-._. %n . -
— - § 80 A
| ] 2
Ml 48.42% MI t2.64% | M 'Iv.|17.28%' MI '34.98% i y
|
| A \ A w 60
Huh? N /" || \ \ 3
[N I i I\ Q x4
}‘\ \ / \..“ ."I |II i"‘l \ -}'-J 40 4 *
VAN NN A\ i )
M| M1 M1 M1 = * N
||| 57.47% I,'-‘28.79% ‘.114.11% JJo48% 8 20 1 d - :
SK-Hepl ‘|| J‘ |' ‘\‘ i\ ‘[' \ g
|1 h
J | ||' | I A HepG2 Huh7 SK-Hepl
) ! I\'-. 4\ ol I'L

B 2 REGEXATAS1024bI23+CD133" 4 A il &% 5 7 B 22 Ml
Fig. 2 The effect of REG in combination with TAS102 on the subpopulation of CD133 positive cells

A: The representative flow cytometry results of the subpopulation of CD133 positive cells were shown; B: The diagram of CD133 positive cells
percentage; R: REG; T: TAS102; R+T: Combination;: P<0.05, compared with control group; *: P<0.05, compared with REG monotherapy
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+
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SOXD W-—— T ——— O —— %
o
19
ALDH1a (e GEDGED wu wun G o S o s g 08 1
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MCL-1 e e D - - 2
GAPDH wes s ainain Sub i aiin s, S S S - S 04
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C D20 ac
20 4 ' =T
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3 =
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g 12 A g *;
2 g 08
% 0.8 E s
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> = x W
2 o4 E 04 { . L
K = L T
0 4 [

Huh7 HepG2 SK-Hepl Huh7 HepG2 SK-Hepl

3 REGEAATAS1024bEEXfHCCHAISOX2, ALDH1AFIMCL-1ZEAK R
Fig.3 The effect of REG in combination with TAS102 on the expression of SOX2, ALDH1A and MCL-1
A: The expressions of SOX2, ALDHIA and MCL-1 were shown. B-D: The protein expression diagram of SOX2, ALDH1A and MCL-1; T: TAS102;

R: REG; R+T: Combination. ": P<0.05, compared with control group; #: P<0.05, compared with REG monotherapy; ~: P<0.05, compared with
TAS102 monotherapy
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2.4 REGRTAS102BZRE&ERMEIHCC
sphereB AL

BE— A RRATME T HBCA AL FES dXF T4
f R FRH 4 K HCC sphereE BRI 2 M, 45 %
KB, ASTR]H 245 41556t B Y i 35 ikl THCC
spherefIE AL (Kl4A . B) . TASI1024bHIXFHCC

sphereJZ SR FIR /N A K (El4A) , HE
Fyl/ TR R (4B, P<0.05) . REGH

ZYIETAS102 525 B F 4 THCC spherelP 11 4
FUR/N 8 (Fl4A . B, P<0.05) . Huh74jY
A AL S I H25 25 41HCC spherelE B
FIRCE >, M HepG2 M SK-Hep1H7, A Hlil

o ’h‘-’ﬁ'r vt -
HepG2 *
l{ ‘(L %

#..

MR (KE4A. B) .
2.5 REGEEATAS102# &I sk HHCCH 4
BRIAEK

$+SK-Hep 1 S Hep G243 il 422 Fh 7e 45 /N KL

PR, A 98 1D I 4% SRS ) 25 9 03 33136 9 7 3l )
3o SR KBL, ANIF 2 Ak B B B2 Y

A B E RS IR IR 4 K 5 REGHLZG48
TAS102 .25 AR K B 3% — H MG R
HZGAFE— 2 TR R K (EISAL B,
P<0.05) . KRNI HRTAS102B G REGHK %
FZGIRY T HE— A T SR N B AR A

T+R B

0 -
HepG2

Huh7 SK-Hepl

B 4 REGEFATAS102%tHCC spherefiZ B HIS/ M0
Fig. 4 The effect of REG in combination with TAS102 on the formation of HCC sphere

A: The representative images of HCC sphere in the growing medium; B: The diagram of HCC sphere number; T: TAS102; R: REG; R+T:

Combination; : P<0.05, compared with control group; 1 P<0.05, compared with TAS102 monotherapy; v

A HepG2 B
"g 1500
=]
S 1200 é" 400 SK-Hepl g 1 500 HepG2
Q )
£ E 900 %300 —I— . £1000 .
S 'S 600 g 200 = T ——
500
‘g & 300 ;100 + 4 5 =
£ i

& g o0 §E ol—— & o=

17273745678 12345678 (& C T R TRE C T R TR

Number of measurement

E 5 REGEX&TAS1023%zh#k M9k £ K KIS0
Fig. 5 The effect of REG in combination with TAS102 on tumor growth

Number of measurement

: P<0.05, compared with REG monotherapy

A:The curves of tumor growth were plotted; B: Xenografted tumors were excised and weighed; T: TAS102; R: REG; R+T: Combination;
compared with control group; *: P<0.05, compared with TAS102 monotherapy; =

REG/Z—F#B[i VEGFR2, VEGFR3. Ret,
KIT. PDGFRMRAFSr110) 2250 1 s 2 PR U il
PR, Bl ke AR 0 0 A s % A v
BH o TAS1025& 3077 T4 A8 X ez 1) 3 T pi e

" P<0.05,
: P<0.05, compared with REG monotherapy

25, WS B R LA AT 259 SRR R 25
R PRIR YT B S R S T 2 B S B A T R
W, #Fsx ¢ #MVEGFR1. VEGFR2. VEGFR3
i FnintedanibBé 5 TAS102, {E#FFTDEA A
IR DNAGT T, ULARIR AT o) 41 10 P ot A5 1)
A, BRA TAST0218 35 i3t 2 i 25 75 B P45
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& 18, % RegorafenibBXGTASI02FRIBISYS A ABREEEVIAST

FRERE AR T AR KB, FTDER
245 5-FUBK & REGREA 8035 il Z it 5 R 25
TEFERE . ABF5E L, TAS102 X REGHZYEY
A AL BREENS N VAT ANMEIG 1. —H B A Al
FHIR 3 THCC sphereMIIE L, AP S26 1
— PR SE A REAS 2 S e Ak )
A K, $R/RREG K TAS102 (4584 T RE i 4 5
PUHEIRITVER

CSCHEMI 4 e i FEZ W . #E [ CSCH
AR R AL T AT RE AR SR B4 . LCSCHETT
M5B TE R IR R R TR A, B T i
UM, Bk A M TR AR A 0 8 W T
B BEgE L R BLFTD W T R 4
Mok a4, HA R 40 3 o S SO A A
CD44/CD133BH 4 I DNAS -, il 77 CSC
(R 3R BT S A K. TAS 102 A% 40 ) fir 98 40 it
M REMEA S, JEBE T TR A G T ) R
P DY TMREG S sorafenibih B JE AL i 4 41 1A Jd
M, S T ALDHBIPERM LT L A
5T K MREG 25 4bH . 2 i T CD133 " 41 fifg
ERE O K A bR i SOX2 FIALDH 1 A Y 2R
K, A8 TAS1028 REG 24 4b B i 3%
FEAIC T CD 133 41 g Eb 651 B+ 2 b 5 1 SO X2 J.
ALDHIAME H/K- . $#E/RTAS102 15K A fi H
AR T H T REGHL257A Y7 175 140 1 9 14 e
P, AT R AR Bl A 22 T 40 M X REG B 265 3R 57 1)
i 5%

Sorafenb 5 REGHIML, J&—FF# ] VEGFR .
PDGFRHIRAF/MEK/ERKZ% B 114 22 411 15 ik 22 R 1
gz 7 mEgE Y &k MsorafenibENS T
P T AMCL- UK e FHCCAEM R P4 1=, 40
JfE NMCL-145 F 7K -2 a2 HCC M g X sorafenibify
I7 BRI, S KSEAYMCL- 135 S HC C 40 i %)
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