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Study of nintedanib induces apoptosis and autophagy in hepatocellular carcinoma
cells by mediating the STAT 3 signaling pathway through SHP -1
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0.38£0.06.0.44 + 0.07 HI 0.71 + 0.12, Survivin # %F 3 3% 7K 3 43 8] H
1.00 £0. 14 0. 62 +0.09 0. 56 £0. 08 1 0. 83 +0. 11, p - Beclin — 1/Beclin - 1 [
JKEA4350 9 1..00 £0. 18 2. 37 0. 41 2. 25 0. 39 1 1. 48 +0. 26, LC3 7K 4351
71,00 £0.21.3.74 0. 69 3. 15 £0. 60 1 1.52 £0. 28, p — STAT3/STAT3 /K-
43314 1,00 £0. 11.,0.43 £0.05.0.49 +0.08 F10.88 +0. 10, p — JAK2/JAK2 7k
SE43 5124 1,00 0. 15 0. 54 +0. 07 0. 48 +0.07 1 0.79 =0. 13, nintedanib 41 55
Hep3B ZHAH L, .nintedanib + si — SHP — 1 £ 5 nintedanib +si — NC ZH 4 [t., FiR+5
PREGLTE 2R A G AR (3 P<0.05) . &it ke LIF ST
T AL PR T K [ W5 X AT g S2 it SHP — 1 45 STAT3 (5 55@ SR o



Chin J Clin Pharmacol

2775
S

Vol. 41 No. 19 October 2025 ( Serial No. 441)

KB JE IR R e TR T s W JE SRR 1 I R R T 1
DOI; 10. 13699/]. enki. 1001 - 6821. 2025. 19. 013
RESES:RIT9. 1 XHRFRERG: A

SCEHE 1001 - 6821(2025)19 -2774 - 07

Abstract: Objective To investigate the effects of nintedanib on apoptosis and autophagy of hepatocellular carcinoma
cells, and to explore the role of non — receptor type protein tyrosine phosphatase 1 (SHP — 1) and signal transducer and
activator of transcription3 ( STAT3). Methods Hep3B cells were divided into Hep3B group ( normal culture),
nintedanib group ( treated with 10 wmol + L~' nintedanib for 48 h), nintedanib + si — NC group ( based on the
nintedanib group, transfected with si — NC before nintedanib treatment) , and nintedanib + si — SHP — 1 group ( based
on the nintedanib group, transfected with si — SHP —1 before nintedanib treatment). Reverse transcription real — time
fluorescence quantitative polymerase chain reaction was used to detect SHP — 1 messenger RNA ( mRNA) levels.
Western blot was used to detect the protein levels of SHP — 1, B — cell lymphoma —2 (Becl —2) , inhibitor of apoptosis
protein —1 (IAP - 1), Survivin, Beclin — 1, phosphorylated Beclin — 1 (p — Beclin — 1), STAT3, phosphorylated
STAT3 (p — STAT3), Janus kinase 2 (JAK2) and phosphorylated JAK2 (p — JAK2) in cells. Methyl thiazolyl
tetrazolium assay was used to detect the cell viability of human liver cancer cells Hep3B after treatment with different
concentrations of nintedanib. Immunofluorescence was used to detect the relative expression levels of SHP — 1 and
microtubule — associated protein 1 light chain 3 (LC3) in cells. TdT mediated dUTP nick end labeling assay was used
to detect the apoptosis of Hep3B cells in each group. Results The relative expression levels of SHP — 1 mRNA in
THLE -2, PLCS5, HuH7, Hep3B and SK — Hepl cells were 1. 00 £0. 16, 0.45 +0.08, 0.58 +0.09, 0.29 +0. 04
and 0.34 £ 0. 06, respectively; the relative expression levels of SHP -1 protein were 1.00 £0.13, 0.71 +0.09,
0.83 +£0.12, 0.56 £0.07 and 0. 79 £0. 08, respectively. Compared with the THLE -2 group, the differences in the
relative expression levels of SHP — 1 mRNA and protein in PLC5, HuH7, Hep3B, and SK — Hepl groups were
statistically significant (all P <0.05). The cell viability of human liver cancer cells Hep3B treated with 0, 1, 5, 10,
15 and 20 pmol - L' nintedanib were (100.00 + 2.39)% , (92.17 = 16.85)% , (84.63 = 15.21)%
(59.02 £10.74)% , (36.98 +7.53)% and (29.34 +5.67)% , respectively. Except for 1 pmol - L™ group, the
differences in Hep3B cell viability between other nintedanib treatment groups and 0 wmol + L. ™' group were statistically
significant (all P <0.05). The relative expression levels of SHP — 1 mRNA in Hep3B group, nintedanib group,
nintedanib + si — NC group, and nintedanib + si — SHP -1 group cells were 1.00 £0.19, 3.06 £0.57, 2. 84 £0.52
and 1. 58 £ 0. 26, respectively; the relative expression levels of SHP -1 protein were 1.00 0. 16, 3.07 +0. 54,
3.48 £0.63 and 1.32 £ 0. 19, respectively; the apoptosis rates were (19.34 +3.16)% , (62.85 +10.93)%
(67.49 £11.78)% and (24.72 £4.29) % , respectively; the relative expression levels of Bel =2 were 1. 00 £0. 12,
0.56 +£0.07, 0.63 £0.08 and 0. 84 £0. 10, respectively; the relative expression levels of TAP —1 were 1. 00 £0. 15,
0.38 £0.06, 0.44 £0.07 and 0. 71 £0. 12, respectively; the relative expression levels of Survivin were 1. 00 +0. 14,
0.62 +0.09, 0.56 £0.08 and 0. 83 0. 11, respectively; the levels of p — Beclin — 1/Beclin =1 were 1. 00 +0. 18,
2.37+£0.41, 2.25 £0.39 and 1.48 +0.26, respectively; the levels of LC3 were 1.00 +0.21, 3.74 +0.69,
3.15 £0.60 and 1.52 + 0.28, respectively; the levels of p — STAT3/STAT3 were 1.00 +0.11, 0.43 +0.05,
0.49 £0.08 and 0.88 + 0.10, respectively; the levels of p — JAK2/JAK2 were 1.00 = 0.15, 0.54 +0.07,
0.48 £0.07 and 0.79 £ 0. 13, respectively. There were statistically significant differences in the above indicators
between nintedanib group and Hep3B group, and between nintedanib + si — shp — 1 group and nintedanib + Si NC group
(all P <0.05). Conclusion Nintedanib can induce apoptosis and autophagy of hepatocellular carcinoma cells, which
may be realized through SHP — 1 mediated STAT3 signaling pathway.

Key words: nintedanib; hepatocellular carcinoma; apoptosis; autophagy; non — receptor type protein tyrosine

phosphatase 1
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S5 RN SIS R T 3 (signal transducer and acti-
vator of transcription3 ,STAT3) jii %, 15 fL A9 STAT3 , =
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RN A Tt Je B I L K O 5, B R T 2 Rl — 9 LM
JE b i 5% Bilg - W2 i 3P 1 h, DIBH BT R 45 55
PESES o A SHT SHP =1 .Bel =2 IAP -1 . Survivin .
Beclin — 1 . p — Beclin — 1 STAT3 . p — STAT3 | JAK2 F]l
p - JAK2HTAR(1: 1 000 #BE) 4 CHEF K, IR H, Uk
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T 40 A0 Hep3B 940 RETE 11"
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FL570 nmi KA FGR B, Pt A0 S T
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2. 27 L 2y JE M 4% 225 S = I (]
FEANARIC R EE 3 e A 0. 1% L X - 100 =
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A 4% ZHEHEE 4 C [ 4N H 25 min, 0%, #%
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X - 100 R E 5 min, EE, &FLINAZE MR
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W, IMA R BRI 50 wL,37 CHLIEE 1 h, EUE
3R, FET 4,6 - KL -2 - RN W Y A T =
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# R

1 SHP -1 7 \FFHE M & hEExRIE K E
THLE -2 PLC5 .HuH7 .Hep3B #{1 SK — Hepl %41
Zif s SHP — 1 mRNA Ay A %t 3 3% 7K S 4 51 o4
1.00 £0. 16 0. 45 0. 08 0. 58 +0.09.0.29 +0. 04 F/I
0.34 +0.06, SHP — 1 & [ 19 AH X 3% 35 K 723 5l Oy
1.00 +£0.13.0.71 +£0.09 0. 83 +0. 12 .0. 56 +0. 07 F1
0.79 +0.08, A i 4 & PLC5 .HuH7 ,Hep3B #l SK
- Hepl #4140 SHP — 1 mRNA J 8 (At 365k
K5 THLE -2 2140 L ) & BEAR (3 P <0.05)
Horb, N2l Hep3B rf SHP — 1 mRNA Fl14 14
XF 23k KBRS B o W, R L S 22 S0 5 34 T
Hep3B 4017 .
2 RBikRfmxt AR RRE SRR
0.1.5.10.,15.20 pmol - L™ JEikfe b BiS , \HTE
4fi g Hep3B 1% 4ff it 1 1 43 51 2~ (100.00 +2.39)% |
(92.17 +16.85)% . (84.63 £15.21)% .(59.02 +10.74)% .
(36.98 +7.53)% F1(29.34 +5.67)% ,[% 1 umol - L' 21
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Hh, R AR EE R IR Je A AR (1) Hep3 B 2175 1 5
0 pmol - L™ AR LI B EFEAR(H P <0.05) . I
2RI B (half inhibitory concentration, ICs, ) {H A
11.94 pmol - L' NG S sz i e 50 pmol - L™
ISR
3 RBiEefxt SHP -1 7= AFHEA A Hep3B Hi3Rik
B2 i

Hep3B 4 \nintedanib # \nintedanib +si — NC 4%
nintedanib +si — SHP — 1 44 ig SHP — 1 mRNA #{
X 35 K 2 1 1.00 = 0.19,3.06 = 0.57,
2.84 £0. 5270 1. 58 £0.26,SHP - 1 & [ AH A # ik 7K
SRR 1.00 £0.16.3.07 +0.54.3.48 +0.63 FlI
1.32 +0. 19, nintedanib ZH4Afifg s SHP — 1 mRNA AH %}
FiKKF-5 Hep3B ZHAH [b i 2 7455 (P <0. 05) ; nint-
edanib +si - NC ZH 4/ SHP — 1 mRNA FHX} k7K
-5 nintedanib ZUAH L, EGL T E 22 RS &
Y (P >0.05); nintedanib + si — SHP - 1 £H 4 Jig v}
SHP -1 mRNA AXf 357K F- 5 nintedanib + si - NC
MR E TRE(P <0.05)
4 [BiERTRET SHP -1 3 AFTE4AE Hep3B E1-
Sap=Al

Hep3B 4 ,nintedanib # \nintedanib +si — NC 2 #1
nintedanib + si — SHP — 1 20 40 Jig () I 7= K 4 5 K
(19.34 +3.16)% . (62.85 £10.93)% . (67.49 +11.78) %
(24.72 £4.29)% , Bel — 2 AH X} & 3k K43 51 N
1.00 £0.12.0.56 £0.07.0.63 +£0.08 £1 0. 84 0. 10,
IAP — 1 A X} & KK F 40 & 1.00 = 0.15,
0.38 £0.06.0.44 +0.07 #10. 71 £0. 12, Survivin ¥4 X
ik K E 43 1.00 = 0.14.0.62 = 0.09.
0.56 0. 08471 0. 83 £ 0. 11, nintedanib 215 Hep3B 4
FH L (nintedanib + si — SHP — 1 2 5 nintedanib + si —
NC HAHL, R TEG 7 L 2R A GITF &
X (¥ P<0.05),nintedanib + si — NC 2 5 nintedanib
AR, BRI ESE I 2 RS B X
(¥ P>0.05), WA 1,
5 RixEfmiEit SHP -1 3t A FT=40 A Hep3B B I
=ap=Al

1 Hep3B #H . nintedanib 2{ . nintedanib + si — NC
ZH M nintedanib + si — SHP — 1 4 4 filg &, p — Beclin —
1/Beclin — 1 [{J7KF43 5124 1.00 £0. 18 2.37 £0. 41,
2.25+0.39 il 1.48 +0.26, [ 1 E 8 1 LC3 197K
SEARRI O 1.00 £0.21 3,74 +0.69.3.15 + 0. 60 F
1. 52 +0. 28 ,nintedanib 215 Hep3B 4 #H k. . nintedanib
+si —SHP -1 #H 5 nintedanib +si — NC ¢ZHAH L, E iR

RbREGE T2 LS A ST =B L (¥ P <0.05),
nintedanib + si — NC £H 5 nintedanib ZH 48 It , I iRIE 4R
G EE R LG % B (¥ P>0.05), 1L
K2,

6 RBiERR#i@ET SHP -1 3t A FFiE 4 STAT3
= BB

Hep3B 4 .nintedanib 2| \nintedanib + si — NC £ FI
nintedanib + si — SHP — 1 44 40 ffi 1 p — STAT3/STAT3
JKSEA3 5] 1.00 £ 0. 11,0. 43 +£0.05.,0.49 0. 08 Al
0.88 +0. 10, p — JAK2/JAK2 7K 43514 1. 00 0. 15,
0.54 £0.07.0.48 £0. 07 #10. 79 +0. 13, nintedanib £
5 Hep3B 21 #H I\ nintedanib + si — SHP - 1 4 5

Bcl-2 26 kDa

70 kDa

Survivin 16 kDa

GAPDH 37kDa

:

A B c D
1 PRI 452 Hep3 B 40 i LI T 8 PR
FIKKF
Figure 1  The relative expression levels of anti — apoptotic pro-
tein in Hep3B cells of each group detected by Western blot
A:Hep3B group; B: Nintedanib group; C: Nintedanib + si — NC group; D
Nintedanib + si - SHP — 1 group; Bel 2B — cell lymphoma — 2;IAP — 1 ;

Inhibitor of apoptosis protein — 1.

p-Beclin-1 52 kDa

52 kDa

Beclin-1

GAPDH 37 kDa

A B c D
2 R RN A I 4 4 Hep3B 40 B WRAHOCH 1
Beclin — 1 [ A%t e 1k K

Figure 2

The relative expression levels of autophagy related pro-
tein Beclin — 1 in Hep3B cells of each group detected by Western
blot

p — Beclin — 1 ; Phosphorylated Beclin — 1.
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Figure 3

The relative expression levels of signal transducer and
activator of transcription3 (STAT3) signaling pathway related pro-
tein in Hep3B cells of each group detected by Western blot

p — STAT3 ; Phosphorylated STAT3; JAK2: Janus kinase2; p — JAK2 : Phos-
phorylated JAK2.
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