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[Abstract] Objective: To study the effect of total flavone of Litchi Semen (TFL) on proliferation,
apoptosis, migration, and invasion of hepatoma cells HepG2. Method: Methyl thiazolyl tetrazolium
colorimetric (MTT) assay was used to detect the effect of different-dose TFL and cisplatin on the proliferation of
HepG2 cells. TdT-mediated dUTP nick-end labeling (TUNEL) assay was used to detect the effects of low,
medium, and high-dose (70, 140, 210 mg-L") of TFL and cisplatin (60 mg-L") on the apoptosis of HepG2
cells, thus selecting the optimal dose of TFL for the follow-up experiment. HepG2 cells were divided into a blank
group, a TFL group (140 mg-L"'), a TFL+XL019 group (140 mg-L" TFL+0.5 wmol-L" XL019), and a TFL+
TPI-1 group (140 mg-L"' TFL+1 pmol-L" TPI-1). The effect of TFL on migration and invasion of HepG2 cells
were examined by wound healing test and Transwell invasion assay, and the effect of TFL on the expression of
epithelial-mesenchymal transition (EMT) marker in HepG2 cells were examined by cell immunofluorescence
assay. Western blot was used to detect the expression of key proteins in Janus kinase 2 (JAK2)/signal transducer
and activator of transcription 3 (STAT3) signaling pathway after the intervention by TFL. Result: MTT assay
showed that the proliferation of HepG2 cells was significantly inhibited by TFL and cisplatin at 24 and 48 h as
compared with blank group (P<0.01), and the half maximal inhibitory concentration (IC,,) of TFL on HepG2
cells was (136.7+2.40) mg-L" at 24 h and (106.8=1.11) mg-L" at 48 h. The IC,, of cisplatin on HepG2 cells
was (58.48+2.04) mg-L" at 24 h and (5.15+0.56) mg-L™" at 48 h. The results of TUNEL assay showed that TFL
induced apoptosis of HepG?2 cells. The optimal dose of TFL was 140 mg-L". The results of wound healing test
showed that compared with the blank group, the TFL group, TFL+XLO019 group, and the TFL+TPI-1 group
significantly inhibited the migration of HepG2 cells ( P<0.05, P<0.01). As compared with the TFL group, the
inhibitory effect of the TFL+XL019 Group was significantly increased (P<0.05) , while that of the TFL+TPI-1
group was significantly decreased (P<0.01). The Transwell invasion assay showed that compared with the blank
group, the TFL group, TFL+XLO019 group, and the TFL+TPI-1 group significantly inhibited the invasion of
HepG2 cells (P<0.01). As compared with the TFL group, the inhibitory effect of the TFL+XL019 group was
significantly increased (P<0.05), while that of the TFL+TPI-1 group was significantly decreased (P<0.01). The
results of immunofluorescence showed the intervention of TFL up-regulated the expression of E-cadherin, and
down-regulated the expression of Vimentin in HepG2 cells, which was stronger in the TFL+XL019 group and
weaker in the TFL+TPI-1 group. The results of Western blot showed that compared with the blank group, the
TFL group, TFL+XLO019 group, and the TFL+TPI-1 group did not affect the expression of JAK2 or STAT3
protein, but significantly decreased the expression levels of phosphorylatied (p)-JAK2 and p-STAT3 (P<0.05,
P<0.01). As compared with the TFL group, the expression levels of p-JAK2 and p-STAT3 in the TFL+XL019
group were significantly decreased (P<0.01), while those in the TFL+TPI-1 group were significantly increased
(P<0.01). Compared with the blank group, the TFL group significantly increased the expression level of Src-
homology domain 2 containing protein tyrosine phosphatase-1 (SHP-1) with sh2 domain (P<0.01).
Conclusion: TFL has the effects of inhibiting the proliferation, promoting apoptosis of HepG2 cells, and
reversing the EMT process of HepG2 cells to reduce the migration and invasion, which are presumably related to
the activation of SHP-1 by TFL to block JAK/STAT3 signaling pathway.

[Keywords] total flavone of Litchi Semen; Janus kinase 2/signal transducer and activator of transcription 3
(JAK2/STAT3) signaling pathway; invasion; migration; HepG2; epithelial-mesenchymal transition(EMT)
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MKCM2345) , Jii 2F IfiL 7% .DMEM & B 55 5 56 (6 [
Gibco 23 Al , 4t 5 43 5 24 10091-148 . 11965-092) , WE
me g (MTT) it ) & (db st R 3 = 2 Al it 5
M8180) , TdT 4~ & A dUTP Ht [ &K ¥ b id ¥
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2.2 40K 3% HepG2 4N # MLE: T &4 10%
5 25 1L 75 79 DMEM 85 F2 W Hr, # T 37 °C, 5% CO,
B FRA TR R .
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Transwell /)N {9 F /N5 RS0 04 40 L -4 R C 58 .
o B R B o o U A S T S
(EMT) tric ik o4 Jom 2 1s) 2.5 00, 41
Je R )5, 4% £ R B B = B 2 20 min,
0.2%Triton X-100 5¢ 4= & 5 40 i /5 % 16 15~20 min,
3% BSA B 1 h, 76 € R L hinkd 1. ) 76 B¢ Jm — 4t
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FELES , LA P<0.05 RoR 22 55 BA G122 5 3L,

3 &R

3.1 TFL X} HepG2 4fi g i 34 78 # il 0y 52 w5 28
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13 o i e FHi24 h F#i48 h
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TFL 4 80 75.98+1.78" 70.68+1.48"
120 66.19+2.43" 40.01+2.72"
160 37.49+1.84" 21.72+0.89"
200 23.45+3.01" 19.15+2.59"
240 12.92+2.87" 15.79+1.74"
JI5E %71 £ 1 100.61+3.83 85.69+7.86"
2 95.05+3.14 73.12+5.35"
4 87.07+3.99" 52.62+1.46"
8 72.94+5.86" 34.10+7.40"
16 68.33+7.48" 24.47+3.27"
32 66.86+6.77" 21.84+2.86"
64 51.51+2.13" 14.81+8.15"
128 32.91+5.19" -

TE B2 140 24 48 h 40T F7 0 100.00% 5 525 (20 H eV p<
0.01
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48h
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UL 1,

Loyt R e

WA E A ;B.Jﬂﬁ%ﬂzﬂ(éo mg- L );C~E.TFL2E(70\140\210 mg-L")

B 1 TFLX HepG24HAA T AN (TUNEL,*400)
Fig.1 Effort of TFL on apoptosis of HepG2 (TUNEL, x400)

3.3 TFL X HepG2 4 ffliT B8 AR ZBEM MM 5
25 12 e, TFL 40 . TFL+XL019 40 . TFL+TPI-1 2
#B W A0 T HepG2 4fl M 1) iF % fE J1 (P<0.05, P<
0.01), 5 TFL 41 4%, TFL+XL019 41 /Y 41 141 /5 H 9
19 38 (P<0.05) , TEL+TPI-1 41 4 4 1 76 FH 5 35
55 (P<0.01), WFE2 K2,

#2 TFLE&MH 5 F 7 24 h 3t HepG2 AT B HI I (X5,
n=3)

Table 2 Effect of TFL and all inhibitor on migration of HepG2

cells after 24 h treatment (x+s,n=3)

413 W 0 LT B K /%
25 141 62.33+7.50
TFL 4 140 mg- L™ 30.33+£2.08"

TFL+XL019 41 140 mg+L"'+0.5 pwmol- L™ 21.34+3.05>%

TFL+TPI-14H 140 mg-L'+1 wmol-L" 50.67+2.51%%

T 525 [ R VP<0.05,2 P<0.01; 5 TFL 4H F % > P<0.05,
Yp<0.01(F3[F)

Hoas A #, TFL 4\ TFL+XL019 41 . TFL+
TPI-1 4148 B 2 W0 #] T HepG2 41 i (1) 17 22 fig J1 (P<
0.01), 1 5 TFL £ L #¢ , TFL+XL019 £ At 311 il £ 1
A @ 358 (P<0.05) , ifif TEL+TPI-1 25 (41 1 7 FH )
S (P<0.01) . WLIEI 3. %3,

3.4 TFLXI HepG2 4l ffl I iz ] i b iy sgm - 5
AR, TFL A G R R R IEY
E-Cadherin [ ¢ (0,2 6 18 2, X 3R 40 M 1] 72 A 4 0
¥ Vimentin 1 £1 (4258 Gk 20 ; TFL+XL019 28 1) 8%
AT, A TPI-1 J5 W 68 s 55 3% # /E H] , Merge
g5 Horh 2% 120 5 TEL+TPI-1 41 (1% 40 ffg i v 3 25 3¢

Oh 241
oA % 4 B.TFL 4 (140 mg-L™") ; C. TFL+XL019 4

(140 mg-L'+0.5 pmol-L™")
1 pmol-L™") (& 3-& 5[A])

B2 TFLE &M T 24 h 3 HepG2 £ BT R B9 S50 (18] B
B L x200)

Fig. 2 Effect of TFL and all inhibitor on migration of HepG2 cells

; D. TFL+TPI-1 41 (140 mg-L'+

after 24 h treatment(inverted microscope, x200)

ik Vimentin, TFL 20 5 TFL+XL019 2H 41 fitd i v 3= %

2% ik E-cadherin, WK 4,

3.5 TFL X} STAT-3 15 53 I (0 BLIG g 528

140 [ %8, TFL 40 . TFL+XL019 41 . TFL+TPI-1 41

p-JAK?2 3k B i P& A% (P<0.05,P<0.01) , p-STAT3 %

ik I 3 K (P<0.01) , TFL 40 SHP-1 235 i & 5 m
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El3 TFLX &7 F 5 24 h 3§ HepG2 4 K112 72 48 F1 A9 B I (45
fh 5, x200)
Fig. 3 Effect of TFL and inhibitor on invasion of HepG2 cells

after 24 h treatment( crystal violet, x200)
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Fig. 4 Effect of TFL and inhibitor on E-cadherin and Vimentin (immunofluorescence, x400)
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Table 3 Effect of TFL and inhibitor on invasion of HepG2 cells

after 24 h treatment (x+s,n=3)

451 35 15 28 240 i Bl A~
2 H U 1009
TFL 4 140 mg-L"! 43+4%
TFL+XL019 41 140 mg+L"'+0.5 wmol-L" 3132
TFL+TPI-141 140 mg+L"'+1 wmol-L" 78+7%

(P<0.01);5 TFL 41 lL#, TFL+XL019 4 p-JAK2 5
p-STAT3 % ik ¥ 3% F¥ ik (P<0.01) , TFL+TPI-1 41
p-JAK2 5 p-STAT3 % ik 7K - & 3 T+ & (P<0.01) .
U N

QM (x£s,n=3)

Table 4 Effect of TFL and inhibitor on JAK2/STAT3 signal pathway-associated protein in HepG2 cells (x+s,n=3)

25 1353 JAK2/B-actin  p-JAK2/B-actin ~ STAT3/B-actin  p-STAT3/B-actin SHP-1/B-actin
2 H 4 1.02+0.03 1.00:£0.04 1.000.73 0.97+0.04 1.00+0.05
TFL 4 140 mg-L" 0.98+0.40 0.50+0.05% 0.98+0.03 0.52+0.03% 2.01£0.06”
TFL+XL019 4 140 mg-L'+0.5 pmol- L™ 0.80+0.05 0.24+0.03>Y 0.78+0.03 0.28+0.03>Y 1.66+0.10%
TFL+TPI-14] 140 mg-L"'+1 wmol-L" 0.940.09 0.82+0.06" 0.95+0.06 0.80+0.04> 1.16+0.09"

W52 A Y P<0.05,2P<0.01;5 TFL 4 F# > P<0.01
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Fig. 5 Electrophoresis of SHP-1, p-JAK2, JAK2, p-STAT3 and

STAT3 protein expression in all groups
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Pt GLOBOCAN2020 2 45 , 7% [# 2020 4 fif Jiz 4
T N B2y 5 PE T AN B — 2 o R AT
Z PSR Ok, R BR B SR A RE R B B
I O #2300 v R L R R B AL 2R T A R
N BOCRAS R, BT LSRR 97 I R 25 ) LA
T B E  BOAR T 5 2 i ) TFL R4+
TN T 96 HepG2 40 i #k , 3 F JAK2/STAT3 {5 % il
%P0 VR AT BE 9 7 FH AL

JAK2/STAT3 {5 5 38 % 2 5 ] 15 2 Ff Jd 40 i i)
B RN PR T 0 RV 22 0 9 2 U O I R A
HET U 6 A0 M A OC 2 T L A0 B OE T
(Survivin) BU 8 178 H S 18 LR, (815 95 40 i 6e
PTG 40 M35 S B R T, STAT3 2 i 8 A7 3% A A&
KB Z R 71 TAK2 J4 2 — R 41 i P 1) i =
1% 384 T , BE 4% W 1R 1k STAT3, 35 1k i STAT3 % 4=
) BRI 5% AR N5 DNAZE G, iR AH G HE
S FEIE, S5 Mo A s R AR IR s, X
fdi 75 STAT3 Bk H7e Ji 96 245 4 J #AE T 0% SC B
U LTU 220 5 T Bl i 5 F2 40 il -1 Y 98 20t f STAT3
5 1 A o L 0% (9 [RD L R R STAT3 R liEHi i 1 %%
I Bel-2 i385k, I 42 55 Bax 3% ALY S IR — B A%
B 2R 4 i (cleaved PARP) Y 36 35 &, {2 1F 98 40 At 7
T3 BALAE G W A /NG T 5 SD-36 1T L3 4+ 4
SHPEZE A B STAT3 IR RE I il HL W MR AL |, 2 1F 98 41
JiL 9 T, DT A P A0 R HE I AR R . AR B SR
MTT {8, 15 45 5 5 7R TFL 78 88 % 09 ik B i B X
HepG2 4 it (1 1 5 2 21 0 I/ FH , TUNEL 45 5 % B

TFL ffi 15 HepG2 40 il & £ 17, 45 & Western blot 4%
B TFL Tl i F WK T STAT3 5 JAK2 iR R 1k 7K
S, 8 B AT A S 40 IS N JAK2/STAT3 {5 53l i 18 2141
il 5 | Ak g 200 B A A A R S A T SRR R AE A
¥, ATIAA TFL X HepG2 4 i i) /5 FH 7T BE J2& i JAK 2/
STAT3 {5 F i A F 1 o (AASH 5T o i = B 0k — 2
FYESE Ui W] TFL WHe[ 1755 HepG2 4B A IR T

i 96 10 % B% iR 0 % VT AN b e S v R B A — A
LSS AR 9 A0 L i EMT o A8 AT 1) O A RS L 1
I 3k R v R AN R R] 7 R O ORGSR MR RL AR
gh R O A0 Mt 2k 25 5 40 Ah JE 5 A AR M A T
AR AN AL, 3R AR a2 ShEE Y, B EMIT S i 8 4
Ji K A A RS 5 AR 2 ) T B AR o R R 40 Y
2 BR W)U E-cadherin 3 ik 2398 /D 1M [8] 78 G A ks
Y140 Vimentin 22 3k 38050 AR HF 58 F W TFL T i
J& . HepG2 4l Jifd 5t " E-cadherin 34 fill 1fif Vimentin (1)
FIRW D, UL TFL 3% % T HepG2 41 i /) EMT #%
A, T A A 9 K /N 3 (R 28 S I i 45 SR R W] TFL T
TilJ5 HepG2 41 Mi i % 5 12 28 68 J1 T [ , B TFL
Al DL 5L 3 5% HepG2 40 B ) EMT AR 2, DA 1iid 417 )
HOEMEIG 8h o A W58 2 W p-STAT3 il i Slug & H
A5 95 41 it 1 E-cadherin A1 Vimentin A 38 5 M\
R E EMT, 5| 2 9 40 i i % B X Fh o #2132 &2k
6 4% Pl 20 v 7S SHEN 260 i Y 410 46 50 X6F I
G 245 1 il 98 98 AR 1Y JAK2/STAT3 {5 5 38 i E A7 T
TG, % 0 EMT Mt b #% % . SHP-1 2%
sh2 25 1 $al 1) 2 11 i 2 1R ol 1R it , JFL h sh2 445 4 B2
JAK2 45 [ %6 By STAT K % 85 14 Wl 2 1k I T 4 75 119
45 46 B, SHP-1 J& X} JAK2/STAT3 {5 5 18 [ i i 7%
(B Ak ) HEAT 7R 15t VA 9 9 B B 2 1 o, v LAGE
sh2 4544 B Xt TAK 2 3841 B2 STAT3 K 4 2= W e 4k,
T A5 I B Sk VA T R ) A AACHE S A0 A A v
FH TR 97 90 04 43 1 40 ) 25 ) R Sz Al Je B i 4
i) SHP-1 4101 il JAK2/STAT3 {55 53 % 1% 1k M1 & 4%
U/ Y . AHESE & BLTFL /) Wi i T SHP-1
P35, IRl AR T JAK2 STAT3 B R 1k K F , 7E B A&
N TAK2 #3361 5005, 3 2 A Wi 1 b 2 1 A 33k i F
— 3 AR, TFL+TPI-1 41 W 2% 5] 3 Bl VF FH 4% 356 5% L i
B TFL /&8 i SHP-1 2 5 T JAK2/STAT3 {5 *7 il %
MIIRFE o 56 /NE R BTSSR 7 A JAK 4 i
5 A= 28 AF T ok — 5 3 £ A TPI-1 BH M T
SHP-11EH A M iz 22 /e )1 k2 o &5 Ll L
K TFL RE 3% % HepG2 4l ifg (1) EMT 2 2 L) 9 55 L
TH 512726 77,3 5 TFL [ # SHP-1, 410 i 40 g 4
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JAK2/STAT3 {5 53 % 19 3806 A 5% .

TPI-1 & — P =5 2% A9 SHP-1 345157 , oAk i 4
SURFE S S SHP-1 454, AT 38 i SHP-1 8 2 Ji
Yo &, R WF X b, TPI-L 5 p-JAK2,
p-STAT3 3% 4+ P 45 & SHP-1, AT U8 55 1 SHP-1 Xf
JAK2/STAT3 {55 5 38 % (i W =46 o M TPI-1 k& #
YER B HLE LA, IR 252 SHP-1 g 3Rk H )2
A 5E H TPI-1 09 in A S0 1 TFL X} SHP-1 Y fie
PR e g J DR 5 22 il — 2D PR 5%

25 I AR B 9T W TFL fE 38 i 98 7 SHP-1 A9 %
ik, 2 5 JAK2/STAT3 {5 5 i B 0 8 45, & 21 31 4
HepG2 4 J 3% 58 , Al o L0 12 5 100 5% EMT 2o 2 DL
55 AT SR EWE S ER .
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