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Anti-hepatocarcinoma HepG2 Cell Mechanism of Jaranol:
Based on PI3K/AKkt Signaling Pathway
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(Shanxi Key Laboratory of Innovative Drugs for the Treatment of Serious Diseases Basing on the Chronic

Inflammation, Shanxi University of Chinese Medicine, Taiyuan 030619, China)

[Abstract] Objective: To study the in vitro anti-hepatocarcinoma HepG2 cell mechanism of Jaranol.
Method: The methyl thiazolyl tetrazolium (MTT) assay was employed to examine the inhibition of Jaranol (0,
5, 10, 25, 50, 100, 150, 300 wmol-L") on HepG2 cell proliferation at different time (24 , 48 , 72 h),
annexin V-fluorescein isothiocyante/propidium iodide (Annexin V-FITC/PI) kit to detect the effect of Jaranol

(0, 3, 15, 75 wmol-L™") on HepG2 cell apoptosis, and Western blot to determine the influence of Jaranol on the
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expression of B-cell lymphoma 2 (Bcl-2) and Bcl-2-associated X protein (Bax) in HepG2 cells. Transcriptome
sequencing was performed to analyze the differential expression of genes and changes of related signaling
pathways after the treatment of HepG2 cells with Jaranol (15 pmol-L"). Real-time PCR was carried out to
verify the relative mRNA content of differential genes [TEK, platelet-derived growth factor receptor «
(PDGFRA) , spleen tyrosine kinase (SYK) , phosphatidylinositol-4, 5-bisphosphate 3-kinase catalytic subunit
gamma (PIK3CG) , Janus kinase 3 (JAK3), membrane-associated guanylate kinase inverted 2 (MAGI2) ].
Result: Compared with the blank group, Jaranol decreased HepG2 proliferation (P<0.05, P<0.01), increased
apoptosis rate of HepG2 cells (P<0.05, P<0.01), raised Bax expression (P<0.05, P<0.01), and reduced Bcl-2
expression (P<0.05, P<0.01). Transcriptome sequencing yielded 59 000 regulated genes, 125 of which showed
significantly different expression, with 47 up-regulated and 74 down-regulated. Kyoto Encyclopedia of Genes
and Genomes (KEGG) analysis showed that the differential genes related to apoptosis in the phosphatidylinositol
3-kinase/protein kinase B (PI3K/Akt) signaling pathway changed significantly after drug addition. The mRNA
expression of TEK, PDGFRA, SYK, PIK3CG, JAK3, and MAGI2 decreased in Jaranol (15 wmol-L") group
compared with that in the control group (P<0.05). Conclusion: In vitro cytological experiment verified that
Jaranol inhibited the proliferation of HepG2 cells and promoted the apoptosis, possibly by influencing the
expression of some differential genes in the PI3K/Akt signaling pathway. The result lays an experimental basis
for the follow-up study of the anti-tumor effect of Jaranol, and the further development and utilization of
flavonoids.

[Keywords] Jaranol; HepG2; apoptosis; transcriptome; phosphatidylinositol 3-kinase/protein kinase B
(PI3K/Akt) signaling pathway
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ECL @ 8 & (R LAY R AR A H
5 43 5 AR0105 . AR1192  AR1174) , 4" 34 izt #I
& 5 W SR R & (H AR Takara 24w, L5 50 51 0
RR820A .RR047A) ,B-WL 3l & 11 (B-actin) . BE M
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S EE 3
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JEom A AN TF oW R A R OZE K (03015,
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V binding buffer i ¥ 200 wL. %), % EOE Y @
30 min, ALK,
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Wy 1 h, —Hr(1:1000)4 °C 3 B2, TBST ¥k I
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KNSR EE R,
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e 0 A B A A6 KO 8T HISAT2 24k 6
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TEZ % P E AL AR B XA ) 32 18053 70 B
HEFTPEAS . 2R DESeq2 HE A7 56 R 0 22 5 £ 1k oy
Mol a ER I P S 3 4] B4 15 (KEGG) 3L
& 2 (http : //www. genome. jp/kegg/pathway. html) X
22 SRR BT BT . I A T A (1) ey
AWRARBEE . WKL,

x1 s5lMF7
Table 1 Primer sequence
519 Jr A (5'-3") K /bp
TEK i CGTGATTGACACTGGACATAAC 190
R GAGTTCATATTCTGTCCGAGGT 190

Janus 4 3 [if TCTTCACCTACTGCGACAAAAG 167

(JAK3) T CTTCATGAGCTCGTGAACCTC 167

M/MRIEYE  Fif GTAGGGAGTGAGGATTCTTTGG 160

K A 7
ERAT o Fif GAATCTCGTAAATGACCGTCCT 160
{&(PDGFRA)
SYK i GAAGGCACACCACTACACCATCG 143

T AGGGCTTCTTGAGGAGGCAGAC 143

WL WLAEE-3- Fif CACCCAAAAGCATATCCTAAGC 225

i AL 2 T it GTAATGCAGAACATCATCGTCC 225

G K (PIK3CG)

BRI K 5 B3 CTTCAGCAAATCATTCGTGACA 151
f’iﬁﬁfgf T TTTCTAGGAGAGCACCACTTTT 151
GAPDH it AGAAGGCTGGGGCTCATTTG 258

T AGGGGCCATCCACAGTCTTC 258
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2.5 Real-time PCR % iF mRNA # ik HepG2
2 AN [ e i A2 R 22 R (0,15 wmol- L) b B
48 h. it Jil TRIzol i 71 M\ HepG2 #H g v £2 Ht &
RNA . ¥ 5% 55 ) 650 2 BT RNA 7% 5% i cDNA
# Real-time PCRAYHF J3 T 10 min, [ ALAT % &
SR % F o 95 °C T A% 1 15 min, 95 °C A8 10 s,
60 °Cil *k 20 s, 72°CHEfifi 30 5,40 N . 45
BT A FH AH G i ik 2749k 40 i B ) 3 B A mRNA
Tk,

2.6 Ziit ek R4 it % 8 F GraphPad
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71N, T 2 ) B L R ) e K G, 7 4 DL b B SR
7 Z T (ANOVA) . DL P<0.05 /R 2 5% A 41t
3 BR
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21 A 5 1 A2 2 B0 EL S B AR M . LR 2.
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Y PIHE L 24 .48 .72 h, 7E 40 B 45 245 24 W B, 0
HepG2 4 Jifd (4 A= 1 32 S0 1, 30 808 22 7 e g0 it
R HAh MEIRCRE NI . 452572 h,
HepG2 41 i i) A= K LT WA 706 o iiE 4525 48 h
WG B2 90, W 3.

32 RFEFEX HepG2 MM T- AWM S5 P[4l
LR, SR EHER Z R T R B E S, 2R
HAT G028 7 L (P<0.01) , B % 45 25 W B B T (0.
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K 22 Z 6] HepG2 40 i i A 1<, mT AE 38 1 412 i2F 41 Jifg
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3.3 MERFEZXN Bel-2 Bax E I FEILAE I R
DAL b A B R A A R 22 R 4T Hep G2 4 A 4 T
B 4% B % T2 4 1 Bax 5 Bel-2 gEE & R ALK

*3 FAEIEAMBEEREZZI HepG2 AMFFRERMZM (x+s,n=3)

R2 FEAREERZZN HepG2AMTFERMNEM (X+s,n=3)
Table 2 Effect of different concentrations of jaranol on survival

rate of HepG2 cells (x+s5,n=3)

21 51 e BF /wmol - L™ AR AETE /%
2 1.004+0.995
ERERMA 5 0.916+0.842"

10 0.619+0.575"
25 0.442+0.388”
50 0.358+0.314%
100 0.399+0.197>
150 0.254+0.115”
300 0.151+0.006>

¥ 525 A iV P<0.05,2 P<0.01( 38 3-% 8 [7)

W, 52 ALK, EREZR(15.75 pmol- L") H
 Bax 8 17K F- B & 55 (P<0.05) , Bel-2 £ 1K
3 T RE(P<0.01) . MM — P IHE 74 R 25 X)
HepG2 A4l S nfavi - WLIE 1 fIER 5,
3.4 B SEULA A g3 B4 R 22 3 % HepG2
2 B 1 22 S R PR e R 45 R, BE ARG I 1D i) HepG2 41 i
FIAEFH AL . RNA-seq Wl J3° 285 5 43 07 , 459 21 iir f7 %5
54 R 22 R A S M7 06 5ol . 4254
4T 59 000 4~ 32 I 5 1) F I8 B, ok H DESeq2 #
173 i 22 53 %38 0 B AR s A2 1B J5 P A (padj) <
0.05, LA 2 24 % /9 A% % A8 b 1y X % 4a XF (B
(llog,foldchange|)>1 1F A 22 5 I & PR AR ofE o 0 BE
2R RIRFEN 1254, 40 5 F#on L2 R 47
ANVESFR R T ZEREER 744, WE 2,

KILE R B RS A SRR ZERL |
22 S oA K Fe ik i bR R OO B A bR ROR
B RLEE AN 7] 52 56 41 v 3R 58 A5 R00AE Ak s PN A bR 3R 22
SRR F IR BTG %2257 8 E R
LR IEAT IR HT , B0 ) 7R 35 DR TE AN [R) R AR
M FRIBEOL, ME 3R, 23R R EERA 43
GIJEas Hd . REMMIRK RN, = HH5ER%E
RS LEEE WS S ERZERZAER

Table 3 Effect of different action times of jaranol on survival rate of HepG2 cells (x+s,n=3)

Al LA 15 /%
2157 e /wmol - L'

24 h 48 h 72 h
=k 0 1.010£0.995 1.005£0.992 0.963+0.946
ERFERA 3 1.023+0.953% 0.783+0.758% 0.71340.698%

15 0.811+0.757% 0.582+0.572% 0.417+0.401%
75 0.745+0.705% 0.336+0.309” 0.250+0.260%
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T4 ELREZHepG2AMBATHEME (n=3) 8T o
Table 4 Effect of jaranol on HepG2 cell apoptosis (n=3)
21 5 e ¥ /umol- L TR /%
25 A 7.0
25 415
B FEY 3 15.0% HREH
1.3
2) ZHH
15 25.0 1.0
75 40.0 0.5
0.0

B
<[
A B C D

TE:A. 24 B~D. R EHK(3.15.75 pmol- L) A
E1 #RZZWHepG2HBTEAREZELRIK
Fig. 1  Electrophoresis of jaranol on expression of apoptotic

protein in HepG2 cells

x5 HREEXHepG2AMBATEARENZ M
Table 5 Effect of jaranol on expression of apoptotic protein in

HepG2 cells

215 Wl /wmol- L' Bel-2/B-actin Bax/B-actin
2 A 1.600+1.286 0.396+0.196
ERZERA 3 1.255+1.093 0.862+0.577"
15 1.0800.792% 1.270+0.901%
75 0.381+0.240% 1.555+1.412%
100 . T
A2
o %
75 1
o
Ay
e
g 501
"
k)
25 Y B
& M’-_
0 o= . i
75 50 25 00 25 50

log, % St
B2 ZRERERESHNLE
Fig.2 Volcano map of differential gene expression distribution
e DR A AR B BT o 2 ] Dy 2 TR BRI R AR
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Fig.3 Cluster map of differential gene expression distribution

3.5 ERREBEHFEFEEST LIKEGG H K R H
B, LS 2 3L 40 3 5, 3l 2 Fisher A5 0 K2 56, Ok
Sy AT VTG A AN 3 S DR AR R 0 S KO T
T A 52 B 8w A S B SRR, BT
SRS IR PEI O W R AR S I UL 5. 45 R T
48 R 22 3 T] BR A I8 I W PR IR VLR 3-8 /2R 1
B(PI3K/Akt) {5 5 18 % . 1 78 T 4 B 40 L (Th1) F1 Th2
40 J 43 Ak (Ras AHOCH 1 1 (Rapl) {5 5 i #% \Ras {5
5 K RO A S A AR & 42 X Hep G2 41 il A
/R . Hovh PI3K/AKt {5 53 B 19 T 9 56 K %%
B RA A SCERAT AL, 6 > NI 2 RN S
Jors A0 RO TR O, 5 A 22 S R TR 0 o O A R AR 2
YIAH & o 6 A8 12 3 B 4 %I TEK . PDGFRA .
SYK .PIK3CG .JAK3 MAGI2, H:r}' PIK3CG JE[H 52
P AL B3 . WANG %0 58 Fe W 28 4 4F
Al T PBR/AKM FLsh ) & Z M E A
(mTOR) {5 53 [ 175 5 40 M 08 1=, DA i 90 6 o 928 440
J B BT L A R 3 R Hep G2 4H i A 4 il 4 7, wf
fE 5% M PI3K/AKt {5 538 6 38 9 25 = FE A 56,
i HepG2 4 e &A1= MR 6 fI1Fk 7,
3.6 1B R % K X HepG2 41 it b MAGI2. JAK3,
PDGFRA ,SYK ,TEK ,PIK3CG mRNA % ik 1Y 5 iy
% 34 Real-time PCR X} 6 /> T i 22 7 L A 1) & 34
AKFHEAT IR, FRES R BN, 52 4 i,
K Z R4 (15 wmol- L) #1114 6 1> 22 5 5 [ mRNA A
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Table 6 Analysis result of differentially expressed genes KEGG
ID JE e ik B U = 57 R B P FDR

hsa04151 PI3K/Akt {5 5 354 11 2.24x107 Y 3.11x107
hsa04658 Th1 1 Th2 41 jg 531k 90 6 2.24x107? 6.67x107
hsa04015 Rap1 {5 538 211 8 3.89x10°% 3.79%x102
hsa04014 Ras {5 il % 234 7 2.70x102? 2.99x102
hsa04020 Calcium {5 53 239 7 2.70x102? 2.93%x102

®7 PBK/AKFESEREXERREEREFER
Table 7 PI3K/AKkt signaling pathway related differentially

expressed gene information

P log,(fold change) P Az
TEK -2.2852 8.42x10™? TR
PDGFRA -2.6302 6.69x107? TR
SYK -5.4596 4.84x10*% TR
PIK3CG -6.954 0 2.53x107 2 TR
JAK3 -2.6427 2.67x10°? TR
MAGI2 -3.6717 7.01x10°? TR

Xf 3¢ 1k 0] iR B (P<0.05, P<0.01) , H:H PIK3CG
MR RBETFTEE IR E, ZFEASRITHE X
(P<0.01),

Real-time PCR %5 5l J¥ KEGG ' PI3K/Akt
{55 M R —5 . Wks8,
4 itig

B 2 Ak A B R 0 3 o R A N 0 B T A
T P22 BIUGH X 8 T2 A A W AT T IR AT,
PLT i O ) ke B L, DA R HE DU VY LR Bt
BEPRIR T BRI D AR 2 LR B A
HSE SR F o AR IR 5 SR R A 4 i S 56 BE 5
He R 2% FE X HepG2 M il /8 AT K #L ) fF 5 o 38 2o
MTT #3020 40 AR B 328 B3 25 56 iF 4 | 2% Al
HepG2 i T2 1115 7= A= 0 il /5 o I 90 4 18 M A% b
HR I R R T S R AR BT T A2 ARG AR A B AT
JiE HepG2 40 M P8 1=, % B2 #1 (200 mg-kg') il 1
bR PI3K. Akt. 40 L R B AR E K R TR LR 2
(CDK2) 15 5 18 B4 ] DEN 7 5 i I 21 4 4k A i g
A K, Baicalein 8% % B RE %3 2 194 p21 1 p27
) 238 FE M PIBK/AKGIE 2, 155 S Hl G/M 1 41 ity

JEL S5 L AT 00 2 Bel-7402 40 i i #4510 BIE
SRS ) e CA X B B9 SKOV3 4l il & i 17
T, & B CA XF DL ] 750 a2 AR g O =0 A
Bax/Bcl-2 K Jit K 7 [ i} (Caspase) -3, Caspase-9 it
Foab AT O S AN AR T AR . SRR ER
X HepG2 41 il 4 FH % b J5t R, A R J 82 1 0 5
% 5 2 (transcriptome ) & 3% #2534 (it A& 15
B 5 E A A (Y Uag) 2 8] (1 4, S F 58 3%
PRIk Y 32 2 BeY il ad RNA Y 45 515 1 15
A R £ R HepG2 K AW T, A GE 5 PI3K/Akt (5
3 B PR A 25 S L A R K AH G . PI3K/AktiHE
PR MM N EZE W F S R — S5 4 M
B A0 A R T, 5 I A AR RS e e T g K R
i S W 45 % Fi Real-time PCR % PI3K/Akt {55 5
i % # TEK.PDGFRA. SYK, PIK3CG. JAK3 }
MAGI2 22 F R H AT . 45 R LW 6N 51
AH G 1 B A 34 52 R I #, o PIK3CG K T i
Boh B, H 5 RNAM T 5E —%. CHEN 48>k
HMSEEG A iR TEK AT U 3 ccRCC 20 fif 114 444 5t
RS, & B TEK Gl 8 97 Akt (9 8 2 1R 42 2F 40
JLJE T, DT 400 ) 4 R3S B L AR VR 2 1 IR G
Jifrggg v, SY K4 4 J ) AR A7 D R G0 ] sk e R
ERZE SEMBERET-™ . ¥ EIRE#EE S JAKS
VA 1Y) ATP 25 & o7 15 25 6 T 2 B 40 ) JAK3 {5 45
&5 697 JAKS (5 55 5 5 B0 5 1S 09 52 9 1 A7
HMRIT 25, MAGI2-AS3 1% & Bl 1
SE R A HCC 4 i iy 2k K T B BE T iR 28
PE LI A M 0H T2 . PIK3CG /& CLBC & 1Y
TRAE VAT SRR, A PIK3CG #03E o] 5 PTX i &
() CLBC 4l ig Y8 T~ FaL A M " . RENZEPUHE 58 A

x8 HREZEX HepG2AMH MAGI2.JAK3.PDGFRA . SYK.TEK.PIK3CG mRNA F3ABIE M (x+s5,n=3)
Table 8 Effect of jaranol on expression of MAGI2,JAK3,PDGFRA,SYK, TEK,PIK3CG mRNA in HepG2 cells (x+s,n=3)

20 50 e /wmol - L' MAGI2 JAK3 PDGFRA SYK TEK PIK3CG
Sk 1.014+0.958 1.036%0.965 1.02740.955 1.055+0.970 1.059+0.959 1.09240.976
BRFERA 15 0.630+0.442  0.888+0.744% 0.752+0.597% 0.549+0.435% 0.518+0.328” 0.138+0.002%

.85.
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J UTP14a i@ & I8 K g b i/ B 8P AR K A
T A (PDGFA) Iy 3 35 f& #F i 4 A B, WE B T
hUTP14a € # T Claudin-low &Y Z 7 8 o (9 1 4 A=
o LIS 5% & 30 s 39 o 45 B 9 (CA) W)
B 2540 ) LR R MCF-7 . T47D 40 Jifd 2 rp 30K 02 g
55 T 3(FoxP3) () 3k K, 1 o8 P i 2B K
Kl (VEGF ) Fl 5 5t 4 J& 25 M [ -9 (MMP-9) (1) K ik
JK -, H 2 B 5 ) CA T8 3 BB ) Fox P3 A S 10
VEGF Fl MM P-9 2% i 11 il L At s 48 At 7 78 R 25
WP &8, 5IE % AR A LI A w3 N Rk E A
27B(Rab27B) 7£ FL Mk 5 £ 41 v 52 5 15 , Rab27B 1Y
F 1k 5 B B-% M 4 (1 (B-catenin) F ik B hn, 3#F 1M 51
e VEGF ik 1) 118, i #£ CA &b 28 i) 7L 988 MDA-
MB-231 4 il & ' % 3 Rab27B .B-catenin il VEGF
1252 BN H, A R R G T B E T
K, 38 7R T CA i) 2L MR i A 7% 1R 28 6 ) 2
id Rab27B 4 5 i) B-catenin #1 VEGF %) 3¢ & #1l1
AR,

gi Lk ARRE R AR Y2 A T4
s RO AR T B AR R 2 AR
HepG2 A Ma Y8 7=, W] R J& 52 W T PI3K/Akt {5 5 i
hit 2SN RL ., NEEERZRINE
PEAL S G SL R, W) B A B T 2 R 2SR A i T
R FH e v AE o g FH AN A
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