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FHFR (RPM) X FF8 4t M AE 2 2447 R 10 52 ) B2 L 53 F-BLA
FiE RN R HepG2, 43 A% FAXTHR4L . AG490 4 . RPM 41 F1 AG490+RPM 41 . 3# i MTT 7%
SR 552 36 R g =X 4 A A 3 )G 4 B 3 GE . B RS MR T 5 R ELISA Rl qRT-PCR 4% Bax . Bel-2.,
caspase-3 . survivin fll e-Mye ¥ £ 1 ¢ mRNA 3k ; Western blot £l JAK2 . STAT3 K H R b /KF-
FER . SN A, AG490 ZH . RPM 2H Al AG490+RPM £H (1) I Jea 40 o 116 384 5l A1 3 % fiE ) 19k 0 B4
il AR T W] S N, FLrh AG490+RPM A VE FH B o W i (34 P<0.05) o 45 0 il 55 A 3 2 1 3R IR Dy
Bax Fll caspase-3 & i5 F 15, Bel-2. survivin Fll e-Mye 335 R, H AG490+RPM 21 78 fh i & fe K () P<
0.05) . [FIHF, p-JAK2/JAK2 il p-STAT3/STAT3 Lt fE 7 25 41 il 77 4b 3 21 5 W] W B AR, LA AG490+RPM 4 3
it (¥ P<0.05).
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Abstract Background and Aims: Hepatocellular carcinoma (HCC) is one of the most common malignancies,
with high incidence and mortality. The JAK/STAT signaling pathway plays a crucial role in regulating

cell proliferation, apoptosis, and immune responses, and its persistent activation is closely associated

Wi B 2025-04-14; {&iTHEE: 2025-08-12,
EEEY: £, HKENES SRR EIREIN, 2RIy e
WBEEE: 22571, Email: 8210160000@163.com

http://www.zpwz.net
1709


mailto:E-mail:8210160000@163.com

1710

O AR 55 34 %

Key words

with the development of HCC. This study aimed to investigate the effects of the JAK2 inhibitor AG490
and the STAT3-related inhibitor rapamycin (RPM) on the biological behaviors of HCC cells and their
underlying molecular mechanisms.

Methods: Human hepatoma HepG2 cells were divided into four groups: blank control, AG490, RPM,
and AG490+RPM. Cell proliferation, migration, and apoptosis were assessed by MTT assay, scratch test,
and flow cytometry, respectively. ELISA and qRT-PCR were used to detect the protein and mRNA
expression of Bax, Bcl-2, caspase-3, survivin, and c-Myc. A Western blot analysis was performed to
examine the expression and phosphorylation levels of JAK2 and STAT3.

Results: Compared with the blank control group, the AG490, RPM, and AG490+RPM groups showed
significantly decreased cell proliferation and migration abilities, as well as increased apoptosis, with the
most pronounced effects observed in the AG490+RPM group (all P<0.05). Inhibitor-treated groups
showed elevated expression of Bax and caspase-3, decreased expression of Bcl-2, survivin, and c-Myec,
with the most significant changes in the AG490+RPM group (all P<0.05). In addition, the ratios of p-
JAK2/JAK2 and p-STAT3/STAT3 were significantly reduced in all treated groups, with the lowest levels
in the AG490+RPM group (all P<0.05).

Conclusion: Inhibitors targeting the JAK/STAT pathway significantly suppress proliferation and
migration, and induce apoptosis in HCC cells, possibly by downregulating p-JAK2 and p-STAT3, as well
as modulating genes related to apoptosis and proliferation. The combined use of AG490 and RPM
exhibits superior antitumor effects, suggesting that multi-target blockade of the JAK/STAT pathway may
represent a promising therapeutic strategy for HCC.
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AG490 J& — Pl 2 HL 1Y JAK2 Fi% 22 R 3% it 4 7
FUE 0 0H 2% 2 (rapamycin, RPM) U 4 A
mTOR 0 il 7], 7€ Z B0 b 98 6F 58 b ) 32 B
FHRO2 I FLBOR A £ A9 4 2% W mTOR 15 5 38 %
55 JAK/STAT i #% 2 (W AE7E 2 22 1 R 4, 0] mTOR
1 fiE 5] 322 52 0 STAT3 B 36 PEP0, SR, H Al A
TH R B A 1 JAK2 ¢ 5 PE 4 i 58] AG490 5 STAT3
TR OG0 5 RPM 2 75 BE 76 98 40 i rp = Az B
SR PR AR . BT, AR B R B S
N AG490 T RPM,  #4 i+ XU FH K7 JAK/STAT 15 5
SO W ORI NS S i 2 e ORI
B LW AE 0 o IR LD, o R T 00
) YR 9T SR e B AL S AR A

1 #MR5EE

1.1 4HAE R FIFALEE

gi i 5 B . N HepG2 41 L (18 %5 -
CL-0103 ) 4 H VR I 7 5 b 48 46 A= W) BB A R A
A o HE SRR E 10% R R W (Gibeo, 55
10099141) . 1% 7 - & % % (Solarbio, 1% 5 :
P1400) A9 #E G0 R GHA% R 55 92 36 (DMEM) &5 4
Ri 23 (Gibeo, 2% 11965092) . JAK2 I il 5
AG490 (MCE, %% . HY-12003) . STAT3 41 i 7
RPM (MCE, % %5 . HY-10219) . DMEM kj # %t
(VLI FF IRAEVBHHCA R A A s PBSIHEW (g
A Wy RF 4 A BR 2N W) 5 Annexin V-FITC/PT I/ T- 4
Ak 7] & (BD Biosciences, %5 : 556547); Btk
P20 iR 2 L (Bel-2) . Bel-2 #HE X 8 (Bax)
2B K3 (caspase-3) ELISA I H) & ([
B AR A BRAE, $85: GR1022. GR1023 .
GR1025) . TRIzol i l (Invitrogen, %% 5
15596026 ) ; ¥ %% 5% 120 5 & F1 SYBR Green qPCR Mix
(Takara, %5 : RRO47A. RR820A). RIPA ZLfi# Wi
(Solarbio, $7%: R0010) . BCA & [ ¥k J& I 5 3 5
# (Thermo Fisher, %5 : 23225). JAK2 (Abcam,
ab108596, 1: 1 000 i B ) . STAT3 (Abcam,
ab68153, 1:1 000 i B ) . p-JAK2 (CST, #3776,

1:1000Fi %) . p-STAT3 (CST, #9145, 1:1 000 Fi
#¢) K GAPDH (Abcam, abl81602, 1:5 000 B )
— P B A AR AR O A L SE BT AR TG
(Abcam, abh205718, 1:5 000 % Fs) .

LAY . CKx41 #9538 A 22 Wi Bs (H A
Olympus 7~ 7 ) 5 iMark %Y %5 4 3 K bR (£ EH
BIO-RAD A 7 ) ; Microl7 B S 5.0 0L (£ H
Thermo 23 F] ) ; 9700 A5 2¢O 5 & PCR X A% (£ [
ABI/A ] ) 5 CytoFLEX i 20 40 i 4 ( 3% [ Beckman
NEIDIS
1.2 KWHE
1.2.1 w3zl 428 I 0B W 8¢ HepG2 21 L,
ORI T AL R E pis g, R PBS vk 3 ¥k, JF
FH R B S AL, 7% 4 i, JF i A 2> & DMEM #5 5%
B, Sl JEREOE AL, IS AR S R0 B T
W, A B R S x 10%mL, FEEIOA 41 i R A
# (0.1 mL DMSO #1 1 mL i 4= 107% ), IRAIG 58
BIRAFE, TR E TR, B R AR AT TE
-80 CUHRAFE . TN F A N -80 Crp
W ok, e i B AR 37 COKIB R, TR T AE
RN S, THEBEELEY, MAEERN
DMEM K5 #2 3L B0, B0 )5 B0 LW, InAGE &
) DMEM 85 32 5, RS FEH B E2HEFRMEF .
MBS . AE 5% CO, #1137 CHEFRA T, W H HE#
Rige 3t , FRaniEi = 80% L b, ik B R E E
fitg, 1:34HRALAR, BRAS S50 B A A% 6 4504 K 0 4
Mo B BCA K HepG2 4, 4 M4 4. (1) =8
FIXF BB 20 (FH & 45 4k 5 PBS (1) DMEM 5% 37 W b B )
(2) AG490 41 ( % 50 wmol/L. AG490 ) DMEM % 7%
WALEE) ;5 (3) RPM 41 (I 20 nmol/L. RPM ) DMEM
R R WAL B ) 5 (4) AG490+RPM 4 ( JH 4 50 wmol/L
AG490 F1 20 nmol/L RPM f) DMEM £ 32 i AL ¥ ) . =8
P X B8 ZH 1 o0 JE AR X IR, AG490 41 F T T fr JAK2
e Ve, RPM 41 F 9F i STAT3 38 ¥ BH 1B 1)
YEF . AG490+RPM £H HI T 4 iF XU 41 il & 5 B A7
P I) 2500, DT B A8 AN [] 410 41 5 =X X6 HepG2 48 Jifd
EYFEAT RN ERZ W, A LR &
23,

1.2.2 MTT E#n smiesg s WAEXTEOH M, L
6 x 107/ L4 F0 T 96 LA , Wi BEJ5 44 43 4 AL P 48 h
BFLINA MTT % (5 mg/mL) 20 pL, i 2k
0.5 mg/mL, LB FE4 h, WERREFW, A
150 wL DMSO, $#EIKEH 10 min, 7F 492 nm J K T
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ME G (OD) fEH, FEmER, A=k (=
6T BRI O B — 0 A RO B ) /(S X BRI Ok
-2 LGB x 100% o

1.2.3 MR EBZEN mITRES B 5x10%mL
HepG2 4 Jf ik & 6 LA, 1 4 il 2 K 2 80% )5
BRI S8/ A 157, 48 hm, (i 0.2 mL Wk
qMEH T M, HATRIE, BRI RN
20 mmx 1 mm, JfFEZAEASL, ffi H PBS 2% i
PRSE SR DI, el 3 0, AT AR 25 4] U 20 M
JF W OGS 5 DMEM 85 52 W, {898 W il Je 40 B0
L0 hNLE, WETES% CO, M 37 CHiFEM T, 48 h
Jo PR B OB A TR 48 h AL E, 4R AT A R
AKX (1~48 hEFL/O h L) x 100% .
1.2.4 AXmeRbenmied o WENHD A K
AU, AR 6 FLAR, TR E N 5x 10YmL, %
WORTE SE96 o I A R, H59R 24 h e, B
JE AR AN M, PBS Z% Ml kU, ABR LV,
FINALE A T, B 1 x 1004210,
A5 wL PI/PE Al Annexin V/FIFC ¥ ¥, k6
PR 15 min, i U0 2 40 M A 2 45 2 40 e O T
0L o

1.2.5 ELISA %4 28 ftL Bax \Bcl-2 #= caspase-3 YL 4
YRR A0, R AR 24 fLdl, SR E 64
BAL, BALIx 1004, % AR 256 40 41 A BE 57
W, ¥iFR24him, B0, A5 1] PBS
GRS, BOF A REWR, VIS A 2
WHF£230 min, BHRESmnfEw IR, &5 EL
15 min, HUETH W20 CHRAF, ELISA 3% & 441
20 Y Bax . Bel-2 I caspase-3 o

1.2.6 qRT-PCR %M € 48 il Bax #» Bcl-2 49 mRINA &
mOCEXNBUER A, fE6 em BEFRIM g, B
FEAN NG BE IS, WE S x 107 AN/, A RE 34
BAL, WAR S M AR IR, K24 h
Jo B2 B 4% 4H 40 i S RNA, il ] TRIzol 32t 571 32 HX
RNA, %540 7E 1.8~2.0 Z [a] , J5 7] 1k & RNA 42
B4 K . PCR S 2 Bax F1 Bel-2 () mRNA, Bax |-
W51 ¥ : 5-GCT ACA GGG TTT CAT CCA GGG T-3',
T3 ¥ . 5-TGT TGT CCA GTT GCC ATC GC-3';
Bel-2 FiF51#) . 5-CGG GAG ATC GTG ATG AAG
TAC-3', T U5 % : 5-CTC AGG CTG GAA GGA
GAA GA-3'; survivin [ i# 51#) : 5'-CAC CGC ATC
TCT ACA TTC AA-3', TFU#5I4: 5-CAC TTT CTT
CGC AGT TTC CT-3'; c-Mye EJiF514): 5'-ATC ACA
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GCC CTC ACT CAC-3', FiiF5I#): 5-ACA GAT TCC
ACA AGG TGC-3'; GAPDH L i#5|#): 5-CAA GGA
GTA AGA AAC CCT GGA-3', TFif5l 4% . 5-CCC
TGT TGT TAT GGG GTC TGG-3', PCR [z A . i
ZEPE95 °C 1 min; ZE1E95 °C 1085 3B K 60 °C 20 s
FEAH 72 °C 15 s, fHEIFF40 K, L2722 355 Bax I
Bel-2 ) mRNA 3k .
1.2.7 Western blot i | & 21 it JAK2 . STAT3 . p-JAK2
Fop-STAT3 & & fik WUEX B A K4 i, 4 b
E6FLA T, AR E3IANEAL, Fie A F S5 4y
HIMAREFW, W24 hls, BSOoUEHR,
FH PBS 2% vp P U6 3 UK, A RIPA R, VKB
30 min, B0 )5 ETE W, BCA 0 & & R EE
VEGCE - 70 CORTFE o B ERE S TE HE AT BE S HL
K. RS, A 5% BAR W R E A L h, mA
TBST ¥ W v ¥, Jim A JAK2, STAT3 . p-JAK2 .
p-STAT3 #il GAPDH — #t (1:1 000) , W% & i &
(4°C), TBSTH WK R, RIGMAZde, WHlh
1:4000, =i FBEE 1 h, /o TBST & W e %,
R FT RS B0 0 A 2 Ot ARER BT B HE A BE
A AR R G o AR i ' o B R O ) L 58
WS GE, I RERE R
1.3 Zit=z4bE

K SPSS 25.0 #4742 it 43 B o Br A I i 0 R
2t Shapiro-Wilk KW ir A S ESSM, IFa
Levene K 5 30 UL A7 & 7 22 570 o B0 LAY L + b
2% (xxs) T, ZAMKRHPREIT 25
Br, PP ELRCR H LSD-t K 5 . P<0.05 °h 25 5 A 4t
NE-3'S

2 & R

2.1 HIHIFI S BT 20 R L TE O =2 I
MTT SZ B0 25 i n, 48 hit, Ha5 Xt i
FeE, AG4904H . RPM ZHF1 AG490+RPM 411 OD,,, {H
B & R (33 P<0.05) 5 5 AG490 41 Fil RPM 41 Lt
B, AG490+RPM ZH 41 it i) OD,,, {E Bt PR AL (33 P<
0.05) ; AG490 41 4 Jitd iy OD,,, {H B & 1% T RPM 4
(#P<0.05) (1),
2.2 HDHIFI B9 £ BT HE BE T RIS
RIRLHE SR BR, 55 A5 B4 HK,
AG490 41 . RPM 4H Hl AG490+RPM 4H i) i1 & 28 14 1]
WAL (3 P<0.05); 5 AG490 41 Fi1 RPM 4H [t %% ,



58 1

EHE, % - 915 JAK/STAT 15 5 38 36 %t T 40 1 4 40 52 AT 0 B9 3R 48 R AL H 1713

AG490+RPM 20 21 g iy i & R W) W R (1 P<
0.05) ; AG490 ZH 4fl i Ar &5 R B W AKX T RPM 4 (1Y
P<0.05) (1512),
2.3 H 0 3ot B e 40 B - B 2 i

it 320 B AR A I 25 R o, 5 s o IR L
B, AG490 41 . RPM 41 Fl AG490+RPM £ i i T %
YR TR (39 P<0.05) 5 5 AG490 41 Al RPM 41
b %, AG490+RPM ZH 41 it () 4 1= 2R 35 ] | F+ &
(¥1P<0.05) 5 AG490 41 41 g JA T~ 2% B i &5 F RPM 41
(P<0.05) (3),

23 X IR ZH

AG490 41 RPM 41

AG490+RPM 2

E1 REMMIEEER LR

Figure 1 Comparison of cell proliferation among groups

B2 HHAMRIHEER

Figure 2 Scratch wound healing assay results of each group

P<0.05

3 RAMMATRUER

Figure 3 Apoptosis analysis of cells in each group

2.4 MHEFIPFTHEEXEBRIEHNZNT

ELISA 2553 IR, 525 (X AL A, AG4904] .
RPM 4l Fll AG490+RPM 4] Bax Fll caspase-3 & [1 3 ik
K25 W G T, Bel-2 2K 3 1k K - 2 I R AR
(¥ P<0.05); 5 AG490 41 Fl RPM 4 HL 48, AG490+

RPM #1 4 Jifd b Bax il caspase-3 25 H 3¢ 15 24 B & T
o, Bel2 P RBHYW EFEAM () P005) ;
AG490 ZH 4 s ' Bax il caspase-3 2K 1R AW B & T
RPM 41, Bel-2 (13258 B(LF RPM 41 (3 <
0.05) (£1),
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*F1 KA Bax, Bel-2, caspase-3EH/KE (mmol/L, % +s)
Table 1 Protein levels of Bax, Bcl-2, and caspase-3 in each group (mmol/L, x + s)

23 % IR 56.01+6.43 323.12+54.03 210.55+15.04
AG49041 182.39+10.04" 223.41+29.05" 503.12+33.98"
RPM £ 150.65£9.91"2 281.06+33.41"2 463.49+28.74"?)
AG490+RPM 21 221.07+11.20-+? 171.00+30.21"-23 607.32+30.43":2-3)

TE:1) 528 FIXE AR P<0.0532) 5 AGA90 41 HE4K , P<0.0533) 5 RPM 4 LA, P<0.05
Note: 1) P<0.05 vs. model group; 2) P<0.05 vs. AG490 group; 3) P<0.05 vs. RPM group

2.5 P FIXTA THEXERE R TiHFEERE mRNA
FRIEHIF
qRT-PCR 45 R B 7x , 525 1 X B4 LA,
AG490 41 . RPM 4 Fll AG490+RPM 41 f) Bax mRNA #
A BT E . Bel-2. survivin fl e-Myec mRNA 334
P R (35 P<0.05) ; 5 AG490 41 Fll RPM 4 Lt

B, AG490+RPM 41 4 il b Bax mRNA 3% ik B & 7
5, Bel-2. survivin £l c-Mye mRNA 2 3k 5 B i F# A
(11 P<0.05) ; AG490 ZH 4 fifd ' Bax mRNA Kk B i
=T RPM 4, Bel-2. survivin Fll c-Mye mRNA 3 ik if
WAL T RPM AL (3 P<0.05) ([514),

I X L

[ AG490 41

[ RPM 4L

[ AG490+RPM 41

4 JAMIEXERE mRNAENRAE

Figure 4 Relative mRNA expression of related genes in each group

2.6 HPIHEIFIXTJAK/STAT B E B RIZHIFN
Western blot 45 % B /x, 525 H X 4l L,
AG490 4 . RPM 41 il AG490+RPM 2 p-JAK2/JAK2 i1
p-STAT3/STAT3 & 1 [LH ¥ B i 7+ & (3% P<0.05) ;
55 AG490 41 1 RPM 41 HL 48, AG490+RPM £ p-JAK2/

N
W RENA

JAK2

STAT3

p-JAK2

p-STAT3

GAPDH

JAK2 1 p-STAT3/STAT3 # 1 I {5 ¥ W] & B& X
(¥ P<0.05) 5 AGA490 41 41 it 1Y) p-JAK2/JAK2 & M It
E M ZA%F RPM 241 (¥ P<0.05), 1 AG490 ZH 41l iy
[ p-STAT3/STAT3 2 1 LW E B i i T RPM 4L (1 P<
0.05) (&5),

5 REAMAMIAK2, STAT3, p-JAK2H1p-STAT3 EHRIAIER
Figure 5 Expression of JAK2, STAT3, p-JAK2, and p-STAT3 proteins in each group
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3 it it ARBFTE VAL T BRG HZG R IEHe. Ak

HCCH kB RRE—-NZHE . ZHBNE
Fead #E, HoApfE S0 0 S RS T O A
. JAK/STAT {5 5 i % 1F o 40 i N 5 22 10 15 5 5%
S, HEFLEBOS CHIE S 2 OB, B
5 B9 AE P 00 L R AE P2 A5 5 AR Ak S2 56
WESE, i JAK2 #1035 AG490 F1 STAT3 3 % #H 3¢
1 77 RPM 34 B8 A5 24 1] HepG2 21 Jfd 1 1T 7% 5 3
f, FREFEFHE T EEAE, PRSI
KA N I, LT e i SR A o — FH 2 O
RHMH P BER . X -4 RW, £LTF
Uie AN [) 75 5[] Bsf BEL DBr JAK/STAT {5 5 38 %, 7] fig &
A T 005 A R R R T R

A5 2 35 453 N At B 9 4 R v R — B
i, ZR KRR W BN TG Y, TR S
HER. TERMMBET R T RE, Wik
T8 AT DA 3 40 1) JAK/STAT 38 8% (14 35 1k 8 30 i i
YA Y A K I S PR T BB gY 5 AR LG
g5 JLENAIE T JAK/STAT 3 3 1F Sk -9 36 7 0 050 9 1
TR AT . ARWFIE LS R R, AG490 fil RPM
REPES PR 40 M A p-JAK2 F1 p-STAT3 9 85 1 K -
Py 2R B, UESE T 25 i S AT A B BT T % (s
5 A AR o W2 A U2 JAK T STAT 25 11 3% k11
KA IR, pJAK2 B HiE S ECH R Y
STAT3 [ 8 R AL A FEAIG, DA 0 il 1 A% 5 3
% B B S

Ry iE— B BRI oAy AL, ARSI T 40
JieL 8 T R TR A S IR Kk . AR BOR,
i 0 A 2 LR TR 0 T AR Bax Rk, [
PR U TP TS LA Bel-2 (9 R ik, 5 3 Bax/Bel-2
FLAE T, DTS 17 F Ui B RA T # caspase-3, i
2= i) 21 O e 1 0 N N 0 e % VI = & |
STAT3 A W~ 5K 8 T 7 #0 3E A survivin Fl e-Mye
mRNA 635 35 T8 . survivin 2 08 T30 61 & A R %
DL, RE B caspase i Py c-Mye I 2 3 44
4 L g R TR, 7 U A A I ) B R 3 A ol A% O AR
o STAT3 fE MESEIH T, 6892 H )5 3 survivin
Fl c-Myc [ % 5600l e ] UL, JAK2/STAT3 1 4l 5
B VE FA ML R . 38 8 98 JAK2/STAT3 ®i gtk ,
5 c-Myc Fl survivin ¢ F i FE KA 8, I 22 Bax/
Bel-2 (147, e 28 A 85000 il BT i 40 6 34 B 0 5 =
AT

I AG490 5 RPM (W BE A N I 7E 45 Wi 48 5 B 300 T
My, HOBEAEREREE T B, WNES
I ) T 2 Ok, (R R U % SRS JAK2
U e A% 0 %% S [ 1 STAT3, fERS IR . B4
T b BEL BT A5 5 3, A T B — S o S AT g
IR A R G B0 IO o R, RE AR5
¥ RPM 1E Jy STAT3 i #% i 4 il 771, HHAE 5 mTOR
05 550 7 25 B T BB AL R 45 240 . mTOR 3 % 5 JAK/
STAT i [ 2 [B] 47 76 52 2% 0 A B9 48 I 250121, [
I, AG490 Fil RPM i Bk & I fig W] B 410 ) 1 P > %
JHF 96 A0 J AR A7 22 O EE A Gl B, NI AR T
D0 IR0 98 500 o 3 R IR A O % N AR B AR T
R, 36 AT R S R AR R — 24 W AR R R A%
e BERIE, him R AR 42t 18 L .

RAEARPFFRIAGT 4 Z X ER, B
FETE— e m RV, BE o5, AOF 5 ALER T 14K 5 48 ffg
SEYY, FrAS S50 i AR AE S WA B TR AR BB IE . It
Gb, AW T /N ], AT R AR A R
BN, AR 75 B R F siRNA B shRNA 45 55 ] B I%
FARVEAT R, DL TR 6 M 1) B JAK/STAT 38 % 119
YER o HR, A9 3 5 G T8 40 i 590 % i 98 40 fe
A B 0 ELEE RS WA, T R R R X R B 2 L
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