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ETF PI3K/Akt B REEZS2F japonicoside B &5 £ &7 4HAf[E) 78 REE 1L
T FE 40 B 2 2R Ae A K FNEE R HOHL 5

BRI, KEAFR 2, FREFE HEEL T R, ROGE 2T
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 E:. BM HITFEZET japonicoside B (JaB) M AN oA KANERE MEH ZALEL. F55%  CAAAFEE SMMC-7721 i
HepG2 A%, WENRAF JaB (2.5, 5.0 umol/L) 4, KA Transwell /NESLIGHMANMIER . REREST; HFEHE
MR AAE1k; Western blotting A&:30_E- J7 41 ffu[A] 76 i %% 4k (epithelial-mesenchymal transition, EMT) it FERBEARIMENLEE 3 ¥
(phosphatidylinositol 3-kinase, PI3K) /&l B (proteinkinase B, Akt) JEEAHIRE RIS, PLER RS HRI R AYAIR BUHE
EERERRONIE TN G, W BRI 2 JaB 2 (5. 10 mgkg) 1 S-HURMELE (10 mgkg) 41, WEL JaB XA Py g 4 KA i
TR, A EAVER IR 2R Ki67 #ik; Western blotting My T-. EMT i F8A1 PI3K/Akt iBIRHI <R B EIL. R
SxiRA R, JaB BEIHIPEMEATRAZZE (P<0.01), EIH E-45%i%E 1 (E-cadherin) Fik (P<0.01), T N-45%h
%M (N-cadherin) 1 Snail. Slug. Twist ik (P<0.01); JaB T-TiJ5, MRS REZL, HR Mk IR ZHAE I,
B RARHE I O PIBK 471 LY294002 A @A), BURS JaB AHAL, ByrT4H] PI3K B#fR 1k (P<<0.01), [ i E-cadherin
ik (P<0.01), T N-cadherin #ik (P<<0.01), M4 EMT i35, #ERMERESRt, SHORA I, JaB feis B 24k
K (P<0.01), HH JaB miifllE (10 mgke) HIHIMEERIMERABONEE, BERLT S-HURBEE (P<0.01); JaB 4t
SRR Ki67. B GARAREDR 2 2R (B-cell lymphoma 2, Bcl-2) FikEERK (P<0.01), BIUIALBE IR R X R E -
3 (cleaved cystein-asparate protease-3, cleaved Caspase-3)+ cleaved Caspase-9 Bcl-2 5% X 251 (Bcl-2-associated X protein, Bax)
FakBETIE (P<0.01), Akt BRI KCF BE T (P<0.05. 0.01), SHMSEGLE R 5, JaB W AEEE YT Akt BRI
SN PI3K/AKt SERTEME, #E— D40 EMT id/2. SENRMEEER G, JaB B2 R R ke, SHAAHLT
B, JaB R4 Ki67 N-cadherin, Snails Slug. Twist FRIEEZEK (P<<0.05. 0.01), E-cadherin FiX&E 5 (P<<0.01),
Akt PSRRI T B PEE (P<<0.05. 0.01), MPRAIAE EMT IFEZR| T4, 4518 JaB @il A1 PI3K/Akt i@ES, i E-
cadherin, #01f] N-cadherin LA Snail. Slug. Twist S5 3% K F3RIAKIE =AU BIBEF Jy, FE4b) K s an s, Wi T
EMT i 2, Mm#bsmanannd B i2as, DURHAERAN A KRR, R e .
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Abstract: Objective To explore the inhibitory effect and mechanism of japonicoside B (JaB) in Smilacina japonica on the growth and
metastasis of hepatocellular carcinoma cells (HCC). Methods SMMC-7721 and HepG2 cells were used as the research objects, and control
group and JaB (2.5, 5.0 umol/L) groups were set up. Transwell chamber experiments were used to detect migration and invasion ability of cells;
Cellular morphological changes were observed using scanning electron microscopy; Western blotting was used to detect the epithelial-
mesenchymal transition (EMT) process and phosphatidylinositol 3-kinase (PI3K)/protein kinase B (Akt) pathway related protein expressions.
Nude mouse transplant tumor models and nude mouse liver cancer lung metastasis models were used as research objects, model group, JaB (5,
10 mg/kg) groups and 5-fluorouracil (10 mg/kg) group were set up to observe the effects of JaB on tumor growth and lung metastasis in vivo;
Immunohistochemistry was used to detect Ki67 expression in tumor tissues; Western blotting was used to detect apoptosis, EMT process and
PI3K/Akt pathway related protein expressions. Results Compared with control group, JaB significantly inhibited the migration and invasion
of HCC (P < 0.01), up-regulated the expression of E-cadherin (P < 0.01), and down-regulated the expressions of N-cadherin and Snail, Slug,
Twist (P < 0.01); After JaB intervention, the morphology of HCC was changed, gradually becoming round from spindle shaped or stretched
state, and pseudopodia became shorter and disappeared; After treating with PI3K inhibitor LY294002, the effect was similar to that of JaB, both
of which could inhibit PI3K phosphorylation (P < 0.01), while up-regulating E-cadherin expression (P < 0.01) and down-regulating N-cadherin
expression (P < 0.01), thereby inhibiting the EMT process. In the nude mouse transplant tumor model, compared with model group, JaB could
significantly inhibit tumor growth (P < 0.01), among which the high-dose JaB (10 mg/kg) group had the most significant inhibitory effect on
tumor growth, with a better effect than 5-fluorouracil (P <0.01); The expressions of Ki67 and B-cell ymphoma 2 protein (Bcl-2) in tumor tissues
of JaB group were significantly reduced (P < 0.01), while the expressions of cleaved cysteine aspartate protease-3 (cleaved Caspase-3), cleaved
Caspase-9 and Bcl-2 associated X protein (Bax) were significantly increased (P < 0.01). The phosphorylation level of Akt was significantly
reduced (P < 0.05, 0.01), which was consistent with the results of cell experiments, JaB may affect the PI3K/Akt pathway activity by regulating
Akt phosphorylation, further inhibiting the EMT process. In the nude mouse liver cancer lung metastasis model, JaB significantly inhibited the
occurrence of liver cancer cell lung metastasis. Compared with model group, the expressions of Ki67, N-cadherin, Snail, Stug and Twist in tumor
tissue of JaB group were significantly reduced (P < 0.05, 0.01), the expression of E-cadherin was significantly increased (P < 0.01), and the
phosphorylation level of Akt was significantly reduced (P < 0.05, 0.01), the EMT process of tumor cells was inhibited. Conclusion JaB
enhances intercellular adhesion and inhibits their transformation into interstitial cells by regulating PI3K/Akt pathway, up-regulating E-cadherin,
inhibiting N-cadherin as well as transcription factors such as Snail, Slug, and Twist, and reversing the EMT process, and then inhibits the
migration and invasion of liver cancer cells, as well as their growth and metastasis in vivo, thereby exerting anti-tumor effects.
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. EEE s, BAEVEE. uE. Pk
SRR, 25 AN E 100, 2 A B A 2 A
THOME, (5 H ATE NS R 25T 5L 2 e
WIERE . AR EE . BIRnRNESE T, A
5 185 1) 2 Gt e S AR 4003 1 AD A R ATL A A 9
B WREHFTT UKL, M REZG 4 BRI 1Y)
2FF japonicoside B (JaB) HA 1 S =AM T
D5 A B ) B BE A 12

R amu iR TR 4k Cepithelial-mesenchymal
transition, EMT) s b Jz 50 ilJed 40 B 71 534
A& ARERIKNRHE. E-45%EH (E-
cadherin) {4y EMT W fecs s H, HAEHF 22
Yede bR MR AL, (EAHMA 5 K AT B AR 28,
1M N-85%68 H (N-cadherin) {FH WIAH &, WA f# i
JE AP IF RGP ORSS, bR PG, dH TR
1= 2% 6e /7 38 o U314 B ORE BE VL BE O3 AR
(phosphatidylinositol 3-kinase, PI3K) /2 ¥ B
(protein kinase B, Akt) J# %25 Mg Ao 58 7
AR FE, BERSTEIL L Snaill A1 Slug %5 EMT #H
K ¥ F K ¥, 5l E-cadherin %6 FRI1A T i, N-
cadherin . % i & J&8 & H B 2 ( matrix
metalloproteinase 2, MMP2). MMP9 25315 I 13+
RIGRFRAY, MMifedt EMT kA, (Edkdnf
TR ZR0S100, JLT Ik, AR — %% JaB
AT N AT RS . REFRTIUER, ALK
7f JaB F-¥il  EMT S f2HAH G HRIA Rk, [
i oeVEZ RE T PI3K/AKt SBERHITAT R, it
JaB 7E A\ F¥E SMMC-7721 1 HepG2 4 fifLit £ Filf%
AR A E AL, N RE 25 R LR AR SR TR
I7 T S B R AR
1 ##
1.1 RS

SMMC-7721 1 HepG2 #Hffili F 25 [ ATCC.

SPF 2l BALB/c #RER 40 R, 4~6 Jiik,
AR 18~20g, HZFEEERFLIIY O
#t, YFATIES SCXK (BE) 2019-001. sh4) T SLi il
&M 3 d, B HG TARERAOK, REG
RRBE LA fAFE (10h/14h), =il (25+2) C.
AW FLE VO 2 R e SE IR AR B L stk (b
XYLS2020018)-
1.2 @55

JaB 2RI 1, BARREAMNEZ ik
L) BT H, 4 HPLC 43 #r, i 2 43 4> 98%!11);

1 JaB MLEF5HE
Fig.1 Chemical structure of JaB

S5-SRMERE (5-fluorouracil, 5-Fu, #lt5 F6627, &
BAH>98%) W EILH A EARH AR AR

RPMI 1640 177 3£ (L5 207514008 [ 3£ [E Hyclone
Ny R IE (fetal bovine serum, FBS, fit5
SA20119) W H =M RIGAEY THRARAR; i
HEE (5 201649200 4 3£ E Amresco AF]; —
HALEAR (45 D2650) 14 H R T B R AL T4k
FIBEBRAT; Matrigel ZEFKE (HE5 356234).

Transwell /N H 3£ [E Coming A &; &5 &
(#it5 2122B0423). AWK (Ht5
112520200718) W H FiFE = RAEMHEHARARA
F]; Bradford vAH HE R &E (IS C05-02001)
) B b R AR A AL - R AR -2
PR 0 Tt i Bt Bt A K (sodium dodecyl sulfate-
polyacrylamide gel electrophoresis, SDS-PAGE) #t
Rk (S 022412500 T AL 2K R
HABRA T Bwm 3 245 (polyvinylidene fluoride,
PVDF) fiX (35 0000316706) 14 E 3¢ E Millipore
55 B-cadherin U4 (31t'5 BS72286). N-cadherin
Pk (k5 BS90914). Snail Pifk (b5 BS8479).
Slug ik (L5 BS6108). Twist Piik (Hits
BS80430). BYYIAL Bk 2 MR K & 2 IR £ I g -3
(cleaved cystein-asparate protease-3, cleaved Caspase-
3) Pufk (5 CC02082). cleaved Caspase-8 fifk
(fit'5 GB2052). cleaved Caspase-9 Pk (Hits
CT2126). B 4 itk 298 -2 (B-cell lymphoma-2, Bcl-
2) Pifk (it BS65629). Bel-2 #H5¢ X A (Bcl-
2-associated X protein, Bax) P (fit'5 BS90121).
B-actin Fifk (5 CD2068) 4 [ % [H Bioworld 2
] s PBK PR (LS 9449T) Akt FiiAk (It 5 4228P) .
p-Akt Fifk (L5 4356S). Ki67 Hifk (L5 9449)
b H L E CST An): Fi/hR=F (b5 BS2045).
Prie =Pt (5 CH2037) W H 3 [E Bioworld 2
PI3K 5] LY294002 (Hit5 268995) W H % [H
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MCE A #.
1.3 {425

SW-CJ-1F G TAE G (IR 2R
HRRAT]D; BP211DAL-105 B 704 R (L
FIEEITAE AR AF]D; 0-150 Bighr R R (5 ifg
F i M BFHABIRAT); MCO-15AC % CO, 1=
BR M (HA SANYO A#]); YXQ-LS-508 117
R KA R RER T AR B A IR 2
F]); UPT-IV-5T ZUEEAUKHL (RSB AR A R A
F]); ChemiDoc XRS RU#EIR .14 5 4« Trans-blot SD
RUEL A . Mini-PROTEAN 74 Hi k1% . Model 550 7Y
B IE e A (3E[H Bio-Rad A#]); Ti-U H5%
613 B B (HA Nikon A]); CX-200 FFH
M7 s (8E COXEM ARD; T25 AN
(E[E IKA AF]); 5418R AR B g5 Dbl ([
Eppendorf /A ] ).

2 7k
2.1 ZHREEEFE

SMMC-7721 F1 HepG2 4Hffi % 10% FBS 1
100 UmL 8 HR. 85 X1 RPMI 1640 £5773E,
BT 5%C0,. 37 CHI4IIEEF=M PR I%,

2.2 Transwell /)N = S2IGHE N AT 5 6E

JaB X SMMC-7721 Z4H i1~ 2k BE Chalf
inhibitory concentration, 1Cso) {EA (7.50%0.32)
umol/L, X HepG2 4HMu ] ICso fE N (8.97£0.71)
umol/LI21, 34 JaB i 4H 386 5 11 il 6 <<30% I3
B, DLHEBR 250 240 i 335 5 1 5 e 33k 1 S 1 2 28
TR . WeRM 2,50 5.0 pmol/L JaB #7525 .

B B4 K93 SMMC-7721 A1l HepG2 #Hifil,
VHEE S 25, R 0.2 mL 40 ER CIGIIE) 2
T 24 FLAR ) Transwell /NER) E=Er, H4 s
B 4X 104 N/4L, /NETEMBIIAE 30% FBS
FIEEFR3E 600 pL, 4 Transwell /NE B TR 7R+
Ridk. S m4s T8 2.5, 5.0 pmol/L JaB HIE%
IR (30% FBS), Xt HRZIMANE 25k 774,
YE] 24 h, 3£% Transwell /N= R ANEAE, PBS ¥k
U3, BN 4% 2 BHEE | mL, fE=ERAMT
FEE 15 min. BfJ5 A PBS Z2 IR B 3 WX,
FE/NEHMA 0.1%45 5% 1 mL, =& TR E
10 min, PG PBS IZIEPE 3 IR, MRAEHEERP/NE
EPRRA, TR E BB IR
2.3 Transwell /N SCIGHE M YARRIR ZE 6E 17

1E-20 CHUH Matrigel 2R, 4 Chth, &

T UK, LTSN 4 CTRA SR, 7 3L M e
Matrigel i (35772 @ B =9 ¢ 1); HL 100 pL #
B EE R N3 Transwell EZE o, B+ 37 CHFF
s 20 1~2h, (FREFR R ER. #4227
TR kAT AR, T8 R SR .
2.4 FBEBENEABPES

UG B0 A K 1 SMMC-7721 1 HepG2 4,
HA B0 FR AR, KB 40
CH BT 24 FLARJEKH, 40 LA 2 X 10* AN/FLEF T
TH MM 1) 24 L. #5524 h )5, B
BoNE 2.5, 5.0 umol/L JaB [R5 953, XFIEALImA
NG TREE, fEH 240 J5, FF R, H
PBS VR4 3 ¥k, I 1 mL 2% % T 24 5L
MR, [EENAL, BEFRBUBN 4 COKFEIE R, HiIFE
JE T HEf B P mE.

2.5 Western blotting N ZRfH EMT TiZHN
PI3K/Akt B SR ERFRIL

B B4 K30 SMMC-7721 1 HepG2 #Hifi,
PL1X 100 AN/AFLI515T 6 FLIRN, #5395 24 h, &
BXIRAIA 254, SHRAUIMARE IR, A2
SEARFRE 2.5 5.0 umol/L JaB (K5 9R3E, 1EH] 48 h
JECERAN, PRSI

%% PIBK/AKt IR EH, 45T PI3K i
A LY294002 AT HLHIHT FT - 3 B X HEZH L LY 294002
(2 umol/L) #1. JaB (5 pmol/L) #41F1 LY294002+
JaB ZH, J2H0 2h 457 LY294002, Fi45T JaB ]
24 h JEUSCEAN A, FREVEEA.

RAERR, BAFEME 15% T T hiIEmaRin-
RNIABE B YK, ¥ % PVDF B, H 10%MifE
AR 20, IIAN—PL, 4 CHFBEIER; TBST ik
JBE 3 IR, BFR 5 min, A0, ZiRIFE 2h; TBST
VeI, RN RADR .

2.6 REBEEELNE JaB XS KA

BUOREVERRER 20 K, EMNPEWIFE 3d )5, sc
SMMC-7721 40Jfs (2X 1064/ ), Beff 4d J5m I,
BRI 5 mm BB RS, ULEHAR RS R i Y
BRI, BENLSY NAETZH K JaB K. EiflE (5.
10 mg/kg) A1 5-Fu (10 mgkg) H, FHS5 H.
B4 ig 4525 30d, B2 RINEMBKEMER, I
PR 8 B B A 0T B
2.7 SREBNEENPEL LN G Ki67 HRIE

SIS ARG, BRI, ALK AT
AEEIE, SIEAETI R, BEEEK. H 30% HaO;
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TREEKHE R AFEY T 10 ming Z8IE/K IS 3 K%,
FFR 3 min; %N 50 mg/mL 41 F 2K (bovine
serum albumin, BSA) # 13, &I T A1 30 min;
N Ki67 Hifk (1:200), 4 CHgHEIL®K;: PBS ¥t
B3 AR 5 min, FINZP0, iR E 30 min;
PBS ¥ 3 K, AR 2 min, 0 SABC ¥, =
I E 20 min; PBS JEk 3 Ik, &KX 5 min,
THEIEFEL (diaminobenzidine, DAB) & faiR
i, TR N IEH R, K H Image Pro Plus
6.0 UG 3 BT AE55 B 1 25 SR X Sk AT i B -
2.8 Western blotting 45 ;I B 28 2H ¢0 h O = F0
PI3K/Akt BERHEXERFRIE

B AR SRR 2 21, {8 B SRR S 2R 4
BUEEE, & 0.1 iR 4Un 1 mL 260, vKig T
B13 SIRSERRE SR ELUKIRZME 30 min, BERE 10
min JR4E 1 ¥X; 4 C. 12000 r/min 250> 20 min, HX
g, A SX BRI, RIS E S
min ff & (B, BHET-20 CHRA. XA
Western blotting VARl Mg H 2 Akt p-Akt.
cleaved Caspase-3 . cleaved Caspase-8 . cleaved
Caspase-9. Bax. Bcl-2 fJ&iX.
29 HBRAEMEBELNE JaB xATEHMA
BRI

HUREMER B 20 R, EMNMHEFE 3 d G, R iv
0.2 mL SMMC-7721 4l Bl (5X 1054~/ H ) 07181,
BEAL > AL % JaB ik miiflE (5. 10 mg/kg)
A1 5-Fu (10 mgkg) 4, HAHS H., BM3dE
TG ig 2525, 1 k/d, HESL2530d, B2 KIKE
PR E . SIS G, 7B, ey
R I 4 M B R RS2 e o SRR AR, $. 277

SMMC-772

TR R R 2 AU rp Ki67 Rk, % “2.87 Wi MG
g 2 23 EMT I F2F0 PI3K/AKt Il ERAH S &R
Rik,
210 ZitESR

SKH SPSS 22.0 Guit A AT HdE i, Bl
PAX £ 838N, A LUECR F B R 3% 5 2 90 #r,
FLBRCR ¢ R
3 %
3.1 JaB ¥} SMMC-7721 1 HepG2 ¢RitiT #5861
=0p=A

iR 40 M )3 E RS B AR A SR S, TR AR
Frhii B EEAEA, o A 2 e A
Transwell /)N 2 B AT @E TERR 45 1), ] 002240 i 77 ok
WEMERBENET A RS, @ e
Transwell /)N % FF 4% /1 SMMC-7721 F1 HepG2 4 fifl,
FHHA 2.5, 5.0 umol/L ] JaB T4l 24 h J5,
KRN JaB A] E3E 4% SMMC-7721 F1 HepG2 4H it (1)
I (P<0.01, F2), HEFIEME.
3.2 JaB %t SMMC-7721 #1 HepG2 IR ZERE S
oAl

7E Transwell /NZE B FT LA, #
P T2 i b, AR /N2 T 5 I R BE LTS
JIrORz), ik MMPs (1) 730, B fd 2 o i Jm 240 P 2
B EHGANE T Ty, ER SRR wEl 3 B
7N, JaB BEWS T 2 HMH] SMMC-7721 F1 HepG2 4l
1% (P<0.01), HEFEMH,
3.3 JaB ¥t SMMC-7721 1 HepG2 4HAl EMT #8
*EAFRIEMNENT

EMT KAEFES, Aek T FRERHE, 3715
TR R URRAE, R IR LR BRI

pagict
B JaB 2.5 umol-L™!
1007  JaB 5.0 pmol L'
801
S
¥ 604 *ok ook
5
:Eg 401 *k -
=
B 20 B
O e
HepG2 SMMC-7721

Hxf gt ~p<0.01, K 2~5[H.
**P<0.01 vs control group, same as Figs. 2—5.

&2 JaB %t HepG2 1 SMMC-7721 AT FEAI500 (X100; X +s,n=3)
Fig. 2 Effect of JaB on migration of HepG2 and SMMC-7721 cells (x 100; X£s,n=3)
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stHE 1! -1
i JaB 2.5 pmol-L’ JaB 5.0 pmol-L’ i
B JaB 2.5 pmol-L™!
801 B JaB 5.0 pmol-L!
HepG2 &
e\\o 60 1
By 404 ok
: =
SMMC-7721 F 20- o =
0
HepG2  SMMC-7721

3 JaB Xt HepG2 #1 SMMC-7721 AR MM (X100; X+s,n=3)
Fig.3 Effect of JaB on invasion of HepG2 and SMMC-7721 cells (x 100; X £s,n=23)

i, RIS RN FISBNRE /7, TR IS BRI 58 .
EMT i 72 f1 2 i s A7~ B3, 21 Snail X7 Twist
FIREE, XSk s K1 Re g i b FEbR &R E-
cadherin X, Snail ZKJEEEAHE Snaill 1 Slug
&, Twist R F R 15 Twistl Al Twist2 55,

XML B S R I AR AR AT B 4 AR e ) E-
cadherin & FIFHBOEWIHE K, HRMM R,

an ] R AU AR 104 N-cadherin FI3RIA L. Wikl 4

0.89

044 **

A
E-cadherin | o e s | 1 35X 10°
N-cadherin | w1 130X 105 @
Snail [Se—— e ]2.90X10% ﬂiif
=z
Shug | W e |3.00x 10 Pﬁ
Twist | 7 2.30X10%
B-actin | emm— — — /1 () X< ]0*
X 25 5.0
JaB/(umol-L™")
B
E-cadherin | #9535 05
N-cadherin | s s 0 130X 105 Elgj
Snail [ e 290X 104 ﬁé
=
Slug | s— o [3.00<10* ﬁ
Twist | - 2.30X10*
B-actin | emmm— O — 4 20} 10*
payiit 25 5.0

JaB/(umol-L™")

fis, SXFREA R, JaB (2.5, 5.0 umol/L) 41 E-
cadherin ik 5 THE (P<<0.01), 1 8] B bR & &
1 N-cadherin I Snail. Slug. Twist ik i 3 [
(P<<0.01), %W JaB i#id L E-cadherin ik,
¥ N-cadherin X AHKHE KT Snail. Slug. Twist &
TR RARE ey 20 M ) () RGP 77, ) G 1o 1) J5 240 P
b, EZRHBT EMT 2, AT A 4540 i) F-es 248 P
TR EIER
P

B JaB 2.5 pmol-L™!
B JaB 5.0 pmol-L™!

0.6 x¥

sk
*k

sk Rk
Hk

0.2 4 *%

E-cadherin N-cadherin ~ Snail

xof
B JaB 2.5 pmol-L™!
Il JaB 5.0 umol-L™!

k3%

Twist

Snail

E-cadherin N-cadherin Slug

4 JaB X} HepG2 (A) #1 SMMC-7721 (B) #Hif EMT HHXEHFKIEAMEM (Xts,n=3)
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Fig. 7 Effect of JaB on tumor growth of tumor bearing nude mice (Xt s,n=5)
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