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Abstract

Objective: To investigate the mechanism underlying sorafenib resistance in hepatocellular carci-
noma stem cells (HCSCs) and to provide a theoretical basis for targeted therapy of hepatocellular
carcinoma (HCC). Methods: HCSCs were isolated and cultured using serum-free medium. Expression
of HCSC surface markers was determined by quantitative real-time PCR (qRT-PCR). HCSCs and pa-
rental HCC cells were exposed to graded concentrations of sorafenib, and cell viability was assessed
by CCK-8 assay. Protein levels of 0CT4A, STAT3, and phosphorylated STAT3 (p-STAT3) in HCSCs
were evaluated by Western blot. Results: Under serum-free conditions, HCSCs formed typical sphe-
roids and exhibited significantly higher expression of the stemness markers CD133, EpCAM, and
CD44 compared with parental HCC cells. Upon sorafenib treatment, HCSCs displayed higher viability
than their parental counterparts. Western blot analysis revealed markedly elevated expression of
OCT4A, STAT3, and p-STAT3 in HCSCs. Conclusion: Serum-free culture successfully enriches HCSCs
with tumor-initiating properties. HCSCs may be a critical driver of sorafenib resistance in HCC, and
the mechanism may involve OCT4A to regulate HCC stem cell resistance by activating the STAT3
signaling pathway.
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JiHi (Hepatocellular carcinoma, HCC) 2 4= BR U [ P4 & 5 WL A e 22—, LR 3816 i 2 1 g
AL JERTA, HAET-ZM 1] ERE, SRR WREMR T RMEESA T, M EBE AR A i
FR o R I A RAE I B S WG ST 7 AR T — @ik R, AR KR oy i B8 9l R T — e b T 8, 5
AL RN T BARIKF[2] [3]. RFLIEJE(Sorafenib) & H B 4 #EiE F T W 67 R 254, Refs
BE K BE W EAAIA4]. AT, RS e IR S TG 2 Bhb, it 25 R B I5]. s
(1) e 52 R FR N 24 1 2 B B0 T R W ) 32 B 5L R 2 — (6] [7] .

A SR SR I 2 A7 A R T2, T IR T A PR A 1T R S BRI 245 R0 2 ) D R
o M TAMEA BRI, 2100 LRI 255 RE,  ReSRBUL ST 29 AN a6 T 25 R e
FH8] BRI, BRI T4 Bt 2 b JE JE i 25 (b L], X T4 R h 3 Je e a7 T S B A 2 S

JH e A0 B A UR R AR R P, BERSAE MG RS 7R 561 T R a@%ﬁﬁﬁiﬁﬁ?%ﬂ@%‘ﬁﬂ@%ﬂ@ﬂ?
[ = #IiA CD133. EpCAM K CD44 2R R EM[9] [10]. AHFF o TE My B TR B A A
JH-Je 40, J-JF’\WHFJFQHW@XT%?&EIEEﬂﬁfﬁ']g’”r]&‘fﬁzE"Jf’ﬁ)ﬂﬂﬁﬂ’ DU N R JE B FE R 16T
PSR BRI WA, FE AT R R e T 20 R R A e Ve T SRR AR L SR AR AR

2. R 5 AE
2.1. FFETFHRBENS BESESF
B HPEAIM HepG2+ Huh7.4 B T 10%J64F 13 ) DMEM £ 783 H 598, Rrai A K & 80%~90%
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I HEAT AL AR BALACS IR 4 42 B 2 < 105 4l ff/mL AR EE 42 F0 21 54 EGF (100 pg/mL)#1 bFGF (20
ng/mL)MI L MiE R 7R, BT 37°C. 5%CO, MR 778, 8 3 REM LRI, 5% 1 8)E,
RS2 4T T A V7 ) T A R Bk A 100

2.2. FFETHRERRESY CD133, EpCAM K CD44 BY#

O A KA HepG2+ Huh7 4 A Hoxst B2 41 ig(HepG2 CSCs, Huh7 CSCs)ffill % HLANfER, LA 1
< 105/FL4ER T 6 LI, S RGEE 5 #JC 3% DMEM/F12 (& B27. EGF. bFGF Z5)4ERF T4HMUIRAS: 48 h G
% Trizol MU RNA, W71 & A B cDNA, B 5L SYBR Premix Ex Taq II#£ ABI 7500 4t k47
qRT-PCR, 20 puL A Z 7 cDNA 2 uL. | FIE5I4% 0.4 pmol/L, FEF AN 95C 30 s — 95°C 5. 60°C 34 s (40
TEIR), JEfddh R IRy 7k, B 51908 CDI33 F5-TTCTATGCTGTGTCCTGGGC-3'+ R 5-TTGTTGGTG-
CAAGCTCTTCAAGGT-3', EpCAM F 5-GTGCTGGTGTGAACACTG-3'. R 5-AGCCACATCAGC-
TATGTCCA-3', CD44 F 5-CAGCTACCCAGAAGGAACAGT-3'. R 5-CTGTTGCTGCTGCTGCTTCT-3',
W2 GAPDH F 5-GAAGGTGAAGGTCGGAGTC-3'. R 5-GAAGATGGTGATGGGATTTC-3'; &F/MFE M %
=540, LL2-AACUEIHE H R RAIR A &, DLR PGSR AR A I, Seiemar E S =R, 4580
Mean + SD F7.

23. FFETARNRAIERHA S

V4 40 M R0 55 A R 41 g (HepG2 A Huh7.4 4 R) 5 A & 10%06 4 75 ) DMEM 55 7% il
MR, THEUSHIRERAL 1< 10* DA 2 B R 2 96 LA, 73 A EIRFER R FLIE)E (2.5,
5,10 pmol/L), FHAHE 3 MEFL. H55F 48 /NNJE, SKH CCKS8 VLK 40 M 473 %

2.4. Western Blot ¥l OCT4A. STAT3 # p-STAT3 BIFRIA

K RIPA 2L 40 2 HepG2. Huh7.4 A& T-48/M] HepG2 CSCs. Huh7.4CSCs $2HUZH ff
MEA, B BCA EAEERF G EEAKE. H 10% SDS-PAGE BT EASE, HKHE
Ja 8 AR %) PVDF I E. 2 5% IR WK #E TBST At 41 1 /N, 205N OCT4A $ifk. STAT3
Pk, p-STAT3 Hifk(Tyr705)F1 GAPDH $tfk(1E AN Z), 4CIEEIER. B, IIAAERLIR—H00 M —
PUHRP Frid), HEHE 1 /. &G, A ECL (¥ RO6RFIR 6, JHEd b s Rag i
AR BRI HTIEIE Image) BT KA KEAE AT, LA p-actin ANZ, HEEEAMHNELE.
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Figure 1. Tumor spheres formed by liver cancer cells (a) Cell spheres formed after serum-free culture of HepG2 cells; (b)
Cytospheres formed after serum-free culture of Huh7.4 cells

[ 1. FHE4RRaRs R BB Rk (a) HepG2 4RRATTIMIEIE TR /G FZMABVAAAEER; (b) Huh7.4 ZBRRJCIN IS I /G A A R AE Tk
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5 I 4 M HepG2 F1 Huh7.4, JCIiE RS |, - 40 M B 0% T2 s 303 (1) 40 B BRI 1(a),
Kl 1(b)), R BRI TG M 1 72 9% 68 05 3R 45 8 T4 Ml HepG2 CSCs+ Huh7.4CSCs.

3.2. FHETARREIREI S

FIH qRT-PCR #ill HepG2+ Huh7.4 4t A HAH B T-40 Ml 3R 1 #5124 CD133. EpCAM & CD44
MIRIE. 4iRE/R, S53AN HepG2. Huh7.4 4iJfifH Lk, HepG2 CSCs f Huh7.4 CSCs H 4 jfiipric
CD133. EpCAM } CD44 3Rk 3 RN 1), #F— DRI EH 72 T & T 401 .

Table 1. Detection of the expression of liver cancer stem cell markers by qRT-PCR

= 1. qRT-PCR #2 AT 2 T AAAFRIC4TRIRIE

25 B Tk B HE
CD133 3.86+0.19
HepG2 UL R4 a EpCAM 2.37+0.17
CD44 2.79 £0.21
CDI133 6.21+0.33
Huh7.4 418 R4 b EpCAM 4324028
CD44 5.15+0.37

a: HepG2 CSCs 205 HepG2 i ffd 4 % 5 K 1% & 1 LU AE (p < 0.05);
b: Huh7.4 CSCs 415 Huh7.4 44 % HE KR A B LU AE (p < 0.05).

3.3. FFETHRNRAEERM 54T

HI CCK8 S2Ba il R 3E e 5 e T4 i #edk . fEAFIREERRIERIMEAT, s TA M A
BT ORA AL < 0.05) (WL 2), R WY T- 4RI R B0 5E e FoA T SR 254 .
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Figure 2. Analysis of resistance of liver cancer stem cells to sorafenib
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3.4. FFET4R OCT4A . STAT3 # p-STAT3 BIFRIESHT

N THRPT OCTAA VA% FHE T 240 i 25 L 1K AL, JRATR I 1 e 48 OCT4A. STAT3 #
p-STAT3 HJFRiA.

Western Blot &l i&7~, FFET-40)f HepG2 CSCs. Huh7.4CSCs #1 OCT4A. STAT3 1 p-STAT3 [
RIEAK PR E S TRAN MM 3). ok, FATBERIHA R B R 35 e /E I T4 )5,
OCT4A TEf T4 R IE 7K 5 R AL HEJE B EE B IEA G . IR 45 R ] OCT4A ml i@t STAT3 5
M AR a2 P e A T 2

OCT4A protein level (normalized to R—actin)
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Figure 3. Expression levels of STAT3 and p-STAT3 in HepG2 CSCs and Huh7.4CSCs of hepatocellular carcinoma stem cells
3. FFET 4R HepG2 CSCs. Huh7.4CSCs H1 STAT3 H p-STAT3 RUFRIAKF

4. Vg

JH 440 g ot — 2 22 SRR ) &R B SR JE 1 e R BRI 25, 2 80 RIT BOZ IRATE Z S A R
MR R —. BoRBEZHIEERA, W2RIE SRR TR, w2 T H il b BB A B3R
SREUIR AN 22 1) 73 ALV BE I TR T4 L(LCSC) [5] [11]. B RTHFFIRIE LCSC IR 2> Thric ¥ EpCAM
[12]. CD13 (ANPEP) [13]. CD24 [14]. CD44 [15]. CDI133 [16]} CD90 [17]%, XuEAH 5 LCSC H
WEH . E UM ST 254 5% . WHICIN, TR 245 5 40 e sk 1 OCT4A HIFHE, OCT4A

T 7 EUR P Y LCSC A 575 R 1A, OCT4AA TR 1S 5 @ % T BE 1 LCSC Xk yT 2591 245 18], {H OCT4A
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AWEFEd, P 1R A T ML 5% 959 MR 48 ) HepG2 A1 Huh7.4 705 iR T-4H Bk HepG2 CSCs
F1 Huh7.4 CSCs, FFH &I CD133. CD44 Fl EpCAM %5 g bx E A0 7E FH e 4 B BR 1 3Rk /K P B s A 4n
i, X E WIS T4 Bk HepG2 CSCs Al Huh7.4 CSCs HA5 R TRt . JRATHIWT 78 45 ik R
E A AFRRERPAEE psaesid, e 40 A7 & B8 0 o A e 40 M 58 5, i B e 40 i &
A S R R 24 1 o

CEM LY, STAT3 {5 5B S SiiEdt i, I STAT3 JERTE ARG T40M a4 OCT4 &5
E[19]. 97 HRDT OCT4A 1A% - T A 2541 73 AL, FRATRE I 1 e T4 OCT4A. STAT3
Al p-STAT3 HIFRIEKT, 4RER, FHET4M HepG2 CSCs. Huh7.4CSCs ' OCT4A. STAT3 Al p-
STAT3 [FRIEK -4 5 2 i TR AR A 3). thaho FATIE & BN R B & 3 Je A P P T4
M5, OCT4A e T REKFE RN FERIIRE R EMG. FIRZRER OCT4A 7 geidEd
STATS3 {5 58 B i3k - T 20 i 24 . SR T e 40 B OCT4A Uil ¥¥iis STAT3 431 B AR i 75 2 —
W

ZELFTIR, A A S 53 B R T ML 55 7795 R M FT i 40 M 2% R 40 Bt B R 4 PR R 1
Jee T4, VI SIS 2 B R] RE S 5 U 2 SE JE I 24 1) B ], AL T e OCT4A I8 oG
STAT3 15 5@ E A3 e T4 RPL AR eI 25 . AW TR E A TEABUAR SN 40 M & . AL S0AIF A 78 7
AR, AERATPIRIA I T BEAEXT R 3R B 29 WL A RN 5L, O ARSREC G OCT4A BL
STAT3 Il RS HE BE T BB LA

E&WE

JHERI R AN 2R R E (965 202310598011), | 74 HARRI I 4T H
(2025GXNSFAA069060).
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