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Abstract: To explore the anti-hepatocellular mechanism of five kinds of isoquinoline alkaloids, with the help

of TCMSP, string, venny database and WebGestalt online analysis software to obtain the target and perform
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protein interaction network (PPI), gene ontology (GO), gene interaction (KEGG) function enrichment

analysis, and use Cytoscape software to construct the network. At the same time, berberine in proberberine,

Tetrandrine in dibenzyl alkaloids, sanguinarine in Phenphenanthroline, sinomenine in morphine and lycopine

in pyrrolidine were obtained by literature review, induction, sorting and analysis. According to the structural

mechanism of action, the potential of each type of representative isoquinoline alkaloid in the treatment of

liver cancer and the mechanism of anti-liver cancer were expounded. Five active ingredients were screened

and 52 targets such as p53 (tumor suppressor gene), NCOA2 (nuclear receptor co-activator 2), IL-2

(interleukin 2) were obtained which mainly involved calcium ion signaling pathway, estrogen receptor

signaling Pathways and PI3K/Akt signaling pathways. Through network pharmacology and literature

collection, it is confirmed that isoquinoline alkaloids may be involved in the regulation of PI3K-Akt pathway,

etc., and can have therapeutic effects on liver cancer through multiple targets and multiple pathways. This

paper can provide reference and basis for further clinical research on the anti-liver cancer effect of

isoquinoline alkaloids.

Key words:. isoquinoline alkaloids; hepatocellular carcinoma; network pharmacology; action mechanism

VR AP — R AR, A A R i 2
—AE M EBE R, 5 2R REDHX,
R, IHEARE S iR @ HICA R, 4
BRI R T A R AP AR A . ITFDIBR . TRl
PR AAITIE L Y AT TR
Iy 3 R R 2347 2T (8 R s R
¥, AR kB OVIRT- RS, EE R
BURIRZE . HRNAYT I A B R BRE 32 202 X 5
B RE M E 2 TR S S RMAE R T
fift, TEIRIT IR RO, RIRZGWR) T IA
Hms, S Z8GMEER ARG R T
FEl AT ST B R

0 2% 2 #i 2 — R 25 ) AR e BT (4 3R 5
Tik . YUE YT BT R R A B A A5 RN
WA, RGN T KT LRI, f
W5 T SNSRI “—FilhR, —M2id” #is
ARETE MRS, 24l B, AT —
Pl A 110 v 2 ) 45 2 B 1) Guo UL R 4
2y PR EE TN /N BE A 22 R AE 1) T BT R T R Y
ZRBAE

S I AR 2 ) 2 LA S s R P S0 5 1 O Ay
PRI RIS, R 25 B E, AndiiE |
PUDAERE . BN BURED. mAEYEHE B
71 3 i 2 AR AL S 4 2 R PUTHRAET, fdE
M5, FFAMERET AN, FRIMmEE
JIC, Y A A R RE A I R R B A A,
B 7R T2 8, IS HoAl AR Y 2596 T BE

U 7= A b RIVE ] o Gl 2K 25 A Xk A2
I P BEAT IR, OF R HE e L o Bk
Ui, T HUA SCHR A AN R 45 25 Bl ] DL RE
ZRGPRG YT I A PLE, TR BE— 2R 7 I
JEAFBR PR BLR 7R o AR S B A S v A )
BAE S 7 7 1T B AR SR AR I BLRL,
ITHE A G SR IS % S

1 REMEXEMHEERGTIR

A (ol PR IS ) 2 H AR S ik A
TE— RS EBIEAIACE Y, A EmER,
HRZHAE MR GEN, HwhEHA, BA
WEWEYG Y S vk A Wi A Vi e
BRI Z —, &5 Rk, CINEERL Bic B,
SR BEREE 10 FAEY AR E] 4 000 Z 5
s A ) AR SRR SRR AT A AN TR
S EEAA LT A0 : /NEEDR ( Berberine,
BER ) MHWRBEEZR, NAEE/NBERR S 7 g ok A
Yok . B2 (Tetrandrine, TET ) MFR#FTC
Bk, AR I SRR A i I AR ( Sanguinarine,
SAN ) 9 o-ZAEBESEYIH . 7 BB ( Sinomenine,
SIN ) AMELESE A=Y, A 7% ( Lycorine, LYC )
g Sk e A e A A T2 2
FEYE, HESM 2R, Ok Z 1 F A H OB
6] A= W o b LN BB AT 5 S0 04 SOk 22
1 Sl JUAR T S v kSIS A W e A 5 9 1 S
R 1 L o




@%ﬁﬂﬁﬁﬁﬂf"

ERTHR 20 % 2001 £ 5 1
[ L [ L L ol iR i

AR ——3H 7 H4aH 6 ) 9 | 13 ) 6 — A \\
ama%i-—jl%ﬂ}—a;___ }_;4_4L__

o | .

HEWR —2—2—2—2— %12%{2_

G — 0 & —

[ | B2 BRI A E S R A ) R

2012 2013 2015 2016 2017 2018 2019 . ) . .
Fig.2 Matching of liver cancer target geneswith

B 1 2012—2019 £ F f S EE MR 38 & WA A SR BT RO XLk B 2 isoquinoline alkaloid target genes
Fig.1 Literature number of fiveisoquinoline alkaloidsin liver
cancer studiesfrom 2012 to 2019 22 2;]-%_75,&&%_9&%115%%'5\ WJ%ME%M

X LR S sk AR YR 5 A~ E T —

2 BT MARRFAREIN it TOMSP BCHFEZ (R 68 4, R
21 REMEE YRR EE RSN Cystoscope $}’t4¢$’£ﬂ§$ﬁﬂi‘%é€%@ﬁ—¥ﬁﬁﬁiﬁ%—%
FIF Genecard R ETV- &, KR “liver AR AWK (WWE3), 55 1A
cancer” JEIFEM KIE>S WL, HpERIF HSEERR, 5 NTEMEA S 52 /\ﬁﬂ,m ), 2k 73
TR BTS00 2 816 4, FIH R TIE 4%l s ok i 1% MR 20 5 1012 0 5 22 A A 6
ol g R (L 2), Ho 5 R A G A A Fo WS RZ R BB CR . T R

BRI 33 9, JRHS S FARZAESZ AR ( Recombinant Adrenergic
IL2 TGFBI &
IFNG - LITAF
\ ‘F\ —- OPRMI . SLC6A2
L4 \\ \ 7 HERCS T N “\ ),
L / — T 1/
AR \ / / —ADRAIB \ .../  [pDIL2
E2F1 S~ N\ [/ TP53 - "
~— R /,// \ % T e
. kEoR 2% . - S
ILRA — - CDK4 Top2 > /\/ /{ |\ PDILI
TN T 7 AN
/// ay \ N \\\_ \‘\\\\ //// / \f' \ \ W\
sMap7 /| |\ . CDRNIA g R /o |
/ / \ . (=13 ) \( \ PGF
. \ ] / ~ HSPBI \ \
SMAD3 / . FOS / . v / \ \ \
/N / \
FCER2 oo , CCNDI // \ N / %\ AN
yd yd \7/ N\ a5 CHRM3
Vs g \ \\
/ ,// N l \ \ / p*
y /PIGS2 /  DRB2 \W / OPRDI
Cam / ///// ////’ - \\\\\ // //"/
NCOA2 PDEI0A - T ) _
/’/ 4 - / W
s / —— / ] Euﬁ: —
\ / e /_// / sanll T
PRSSI /" PRKACA ///// ——SCN5A Dot ADRAZB
.\ /S A Ergs—i A PXRA / RN
Ny o — L/ \ AN
AR MR HSPO0AAL / ACHA7 \ CHRMS5
N CHRM]
’ / \, N PKA
ESRI / \ NOS3
/ AN
NOS F7
KCNH7

3 SEWEMESHEZNSSHEXEINNEE

Fig.3 Network diagram of 5 main components of isoquinoline alkaloids and related tar gets




E£29%5 2021 F £ 15

ﬁ%ﬁM@ﬁMﬁ”

SCIENCE AND TECHNOLOGY OF CEREALS,OILS AND FOODS

[l

FroofR

Receptor Beta 2, ADRB2 ), KM #HEE X Z1k (A
Retinoid X Receptor, Alpha, RXRA ). MH#% 7! 2.
JHB#3Z & ( A7 Nicotinic Acetylcholine Receptor,
ACHAT) %5, $aR/NFGTEsrd i 2 Moy . £
B SR R WL R ) R AR LR SR, dE it 2 50
A E e . i, BT RIAEEI .
23 XEHSERSEAREEEANEZS T

4 STk AN A BRI R 52 A
TAEHE S JEN G A STRING B -6, 8
AN, REBCGEABAHEAERCR (LK 4), HE
Br =B (R EAERIEE E ), M4 L
3 28 N AL, 91 i, K ZR A EE TS >
0.999 WAHEAEHERA 11 4>, P&
) g S pS3 JE [ ( Tumor Suppressor
gene, p53 ) HAZARILFEE ] 2) ( Nuclear Receptor
Coactivator 2, NCOA2, HY1% 2 (Interleukin-2,
IL-2 ), 2 AR AR I I+ 1A ( Cyclin
Dependent Kinase Inhibitor 1A, CDKNIA ). 4 Jitd J&]
W KM PR 4 ( Cyclin Dependent Kinase 4,
CDK4 ), SCHRE P AN, p53 2 HH-is 20 3 5 A
PTG A et AR b B B AR N BER A i
MBI AT E2 5 p53 AYZKF-, DT 400 o fe e 40 A A=
K, MARBE AT @ i p53 S A0 B A8 . AT 5,

Bar chart of biological process categories

50 501
46 45
44 1
40 40}
&/ 301 30F
E
w201 20}
10- 10t
0
CSEEiciissicEEE
<585 88228E8 e
SEg83e8Eg88¢87
E)"E m-gmn:ﬁ&g'ggoﬁ
PoSE2sS85gdmE 8
s3EESs538258 5
LZESSE =§E~
geH-88 8&¢
s5853°3 L8
ne g % 3 g
= a] = 8
E £
E B
= o}

Bar chart of cellular component categories

TS AR O, KA,

HERCS

TOP2A /

/

FCER2

!
-
>,

®

B4 SEMERAEAXEENEOREEERME
Fig.4 Protein interaction network of isoquinoline
anti-hepatocellular carcinoma genes

24 HEYERESH

FIIH WebGestalt 43 B F A1 % AH OCHE & 2K 11 3
TTIReE RS AT (WKL 5), A& Y (BP),
HIZH5r (CC) ForFIhaE (MF), X246 H7E

Bar chart of molecular function categories

46

50

40

30

20

10

—

ace
All

[ SP:
Protein binding

Extracellular s
Endoplasmic reticulum|
Microbody
Unclassified Fo
Ion binding
Unclassified<

Molecular transducer activi
Lipid binding

Chromosome
Chromatin binding
Hydrolase activity
Transporter activity
Antioxidant activity[f] ~>
Carbohydrate bindingf| ™

Nucleic acid binding
Enzyme regulator activity|
Nucleotide binding
Transferase activity

Extracellular matri

B 5 HEXZAREAMN GO EES
Fig.5 GO enrichment analysis of related protein targets
e YR, RN T I REZE N A B AL G, WEMSOR LRI, U KRB E RN 513 LR i) 1D B
Note: The categories of biological processes, cell components and molecular functions are represented by red, blue and green bars
respectively. The height of the bar graph indicates the number of IDs in the user list and the category




0

FroofR

@ isnesaE

ICE AND TECHNOLOGY OF CEREALS,OILS AND FOODS

E29% 2021 F F 15

AW AR T I E RS G YR R N A
s AEANNE DT 22 S A . A
i LA R e T IR I S A,
ERETZEES S, K TESWEE U LER

SEEFTINE, e TR LA R A K T
51 LSRR

25 KEGG @S
FIFHl WebGestalt 3 H7 4 A4 X AH S o 25 1 F

= FDR<0.05

Inflammatory bowel disease (IBD)
Pancreatic cancer

Chronic myeloid leukemia

Th17 cell differentiation

Small cell lung cancer

Leishmaniasis

Endocrine resistance

Chagas disease (American trypanosomiasis)
IL-17 signaling pathway

Amoebiasis

Prostate cancer

Hepatitis B

Measles

Cellular senescence

Human T-cell leukemia virus 1 infection
Calcium signaling pathway

Kaposi sarcoma-associated herpesvirus infection
PI3K-Akt signaling pathway

Pathways in cancer

Neuroactive ligand-receptor interaction

FDR>0.05

1T KEGG E @ HE & (WK 6) FrEmi
A PR YT IR A BEAR S RAEME G . R
HdEE . 18 MR R M . Th17 Aok . X/
200 e it 9 R0 AR /N A0 g L S (R S B
PI3K/Akt {55l . FAd (5 Tl . MM EES
WAL FIE R, SIS E YA, R
7 DA b 25 SR e B R AR I mT 3 5 A3 I D
RAEVER

.0 2 4
Enrichment ratio

6 8 10 12 14 16 18 20

6 #HXHA KEGG BB EENHET 30 KB
Fig.6 Thefirst 30 pathwaysin enrichment analysis of KEGG pathways of related targets

3 ETXE o th M LR b itE
1€ FAHLHI
31 FHSMIENAEEHAMES

YA RS Go/Gr, S I G /M 15 A=
b PO N OB e O B R E ) O e
— ZR G20 0 i S A MR PR YO ( CDKs ) A HE G
SR o 350 0 RS A N B T L X 22 e
JHF 968 20 LA SRR T, /N BEBRAR ] Huh-7 1
HepG2 45 Mg 226 M A0 Go/Gy 3t
FoxO3a ( SUE LI A T O WAL, YedwiE b3k
KH T ) A Skp2 (p4s EH, TEFE NI
ik L) ¥l S 50 ag, A k20 iR
3, /NBER AT LATE 3 Huh-7 1 HepG2 ¥ 48 it
Y Akt/FoxO3a/Skp2 %75 5 A= 4 100wl A1 241 it J&]
WS sk AR A POV BN B B AT 00 4 AT R
HepG2 4 i i3858 , i i FiPrig a5 K ( BTG2 )
T P840 M5 1% 9 ( CyclinDy ), Tan ZEPUFSE
2 BN TR) 391 2 11 /N B g6k A T8 40 ik HepG2 A
TRIERT, >R A it =X 20 A AR & 3R fes 71 4 20 WL 55 )
W Go WA Go/Gy BTN, HIE A 2 1 4 e Hr 3k

A B 5 A3 2 30 X 40 B AR R4 40 e 30
BT BT 3RAS 5 — 2, AR BRAETS S HepG2 HI
SMMC-7721 ZHfLHY S 20 J& 3 fse i 221
32 FEHMMRAT

AR T R AR AR A T — R e R, ik
BT WA B EE SR Z 4 0 A0, A0 T S A
P PG PA T E T B Ok 40 -2
(Bel-2) ZF s i AR P T8 7 (B ps3 4z ) P,
WF5E & BN pS3 2k vl fE 2 BH Ik /NBERIS S 11
miR-23a A9 L3R, 4 miR-23a #AMEIRT, /NEEm
XFIFRE ML Go/M 40 B S BE i . 20 A TR
R 55 RIS DAY i3 A A R P i Y A
WAL, /NBEGE AT ] C-myc ZE ( C-myc)
A Z Bk (SLC1AS) £k, TIAE
FERE AT, WA 00 P98 4 Py 26 7 2T, wan 25200
R BRI AR R B AT AR W RE S5 S e A ML R T
HATREJE T 1 Bel-2 A1 i Bax ({JET-3EH ), )
il DNA i Fh S H 1 VI A6 v, T S 204n i 4
T-. ROCKI1 (A 1) MEG7EEEARES
SRR A Tl GV E T, A SR BZE R P e 41

126



SE295 2021 K18

ﬁ%ﬁmﬁﬁmf“

SCIENCE AND TECHNOLOGY OF CEREALS,OILS AND FOODS

[l

FroofR

il HepG2 S MR A (1 g A= A<, I3 2k GORAARAR
Wik &2 S HepG2 AT, BF5% Ry
AR T AT HepG2 40 E T, HLHIAT g
5 AR E M ( Caspase) Caspase-9., -3,
Cyt-C (4iffia % C) RKikK VT . Bel-2 &
H RN BEARA . BB Sl HepG2. Huh-7
F1 PLC/PRE/5 JH4H A Je8 240 o i1 A% 4 20 2 o 1
SEARAERO), AR ARE i SR RS (ROS) MG
AIPR T, LA pS3 MK 7 2 & il HCC 4t it 1
BH . ARSI ST HepG2 Al SMMC-7721 4 fifg 1y
W T, RN R BIMAR S (10 mg/kg) [FIAERT
DA AR ORI, H el B> HepG2
P ELAS MR B R (R AR e, LR SR T
miR-16-2 J3 3hF I p53 A9 A % | K T miR-16
HIE DN e kAT PO i MR At T 3 5§ ROS
RAEPUIEFAAE ), 38 13 2RI caspase K1
wELEMEET
33 FEHmB R

I I A — 1 Fl 200 5 e ) A0 B 53 5 11 B
i, RAEAATEANESET (A WEANIEETS)
Z IR - HL ) W TR YT 25 AT R
2 A 4V Y AR 78( GRPTS)
JEHWEE SR, AR R ERER . PR
B, NBERR AT DL i 0 TR Sk L F- 6 ( ATF6 )
P46, Tz 2 AR R AR ok 5 GRPT8
ik, MMidE—4 FE A mg st N
Bt 7T 3 5 40 i A AMPK ( AMP 4885 8 28
fitf ) WOE AN O TRARTE A FRILEE (ACC) IRk
7% T HepG2 (A T- A1 1 5 By O Bl — b
TEA A F W Sh R, FE HCC g, AR S
BBiC i (5uM) S ( AR ) B LC3-11 1Y
Fik, FEERE A WERFARE (AVOs) B AL,
AU SR S 2R R | R, 4k, ROS Y
FEAFEAR TR B OB S A R A 8
HF WA g5 - LA Caspase #KHfME =0k =
34 HMMEHIEMAREERER

Rz iE s B (EMT ) BlA k& fe o) nl 3
(A A2 L B 5 A0 AR R 3 43 EMT B0 R i LA
R R8N, ARG e A R AN T A0
L, ISR RSP, FE R R B

/NBERE AT fi 38 1o 98 45 2 Ak AE K - -B(TGF-B)/Smad
G5, T HepG2 1B EMT HEFE, ik
HepG2 4 ryiER AR HE /1%, KLF6 (i
T SR ) 7R R rhod ok R B R AR R A, O
H IR TG T B & bRd /N BER e 38 Ao 417 1 B2 A=
B KLF6 MY 2Rak, DT 400 il s 200 i 1 34 2 A0
TEREET . INBE R 7 S R 2 Y £ Tl
BRI EIF 1 (PAL-1 ) FIkIFI0 ] IR 34 41
VBRI Y) (uPA) SRANH] uPA 20K, 250K
B PAI-1 1) RN uPA SZ AR 5 /N BERE I ]
HCC 4 YR8 Az s P, 1d-1 (40edm il
) ik 5 HCC MBAE . B MU es A= A
Ko /NBERRAYIA YT AT LAAE S 1d-1 23854 i
PN e R0 SR VPR B 1 (MTAL) 5
i Ied A 2R M A A G, R SR AE (9 )
i 2RaE o R R A A PN A1 S 36 v R BB )
F Ak 4% W 1T 7 OWE K OB Wnt /8- BE B R
( p-catenin ) 15 B MR MTA1 Fik k400 il
RO KB CBGEYT B R R T MTAT HYKA,
X R IAM B C AT LA3E F MTAL #ifi] HCC 12 %% .
& M E 2 1 8 ( ROCK 1 ) J&—Fh 2 IhREHE 1,
AR A FP A MO T e, A ARt AT ROCKL, M
AL |2 i g S R (R 2o A R o e | B
H A A RS B A S
35 MMEMEERK

I AR B B 1A B i A A K Y 5
P, A AR AT LA S e s 200 B o 1 AR TR T
HKJash, TR MR S B 2 RS SR,
SR8 22 1 e PR AT 58 R R0 2 B, ] 3 aod 41
1 LA 2 SR AT A e A T it A A AR A
5 10078 N B AR R 7 S H A2 R ( VEGF/VEGFRS ),
IR (AvD3) FULFE R E A (MMP ),
AINBER S — A R BT A A R, AR A R
2 T AL A ) 25 ol A A B PR At N P R 2
BifftrF (CD31) F1 VEGF, [Flff/NEERS nl 38 i
) & RE R AR, T RS 4 A 5 P I
T3LE (0 T 40 B a0
36 MEAESE 2 (COX-2)

AEA AT 2 (COX-2) AR m AR i 5C i
ity , 7E 5 FRA A2 R 40 i IR 15 59 COX-2 il

127



0

AR

nnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnn

E29%5 2021 £ 1HA

IR COX-2 15 F I RIS MR 2 A B, 7T A0 3 4n
PO, AR A A A, SR TR R I B v
FV A ETR (AA) IRBHERE & 5L
JEIE I R AR ARG, DFFE R B, FH/NEE AL
P HCC 415, MK TUBERRES A2 (cPLA2) F
COX-2 2 11 ZRIB 7K 32 31 50 12t M 1)tk 25410
Hl, MET-E SN T (AIF) fl AA 5 PGE2 Iy
i LU R . /NEERE T R HCC iy AA
RhE A FAM AT, s % B
JEERR T LIS ST 401 HepG2 FHAR7E G, ], H:
BT BE S P01 COX-2 [k | R 40 i v
Bel-2 MY & &, GBI #] PI3K/AKT 553
%, HIiES HepG2 4ILAGIH T,
3.7 %I NF - kB ByiE

B F kB (NF-«B ) & 150501 1) R A4k
25 G U5 S B SR A BRI
TN (RelA, RelB, c-Rel, p50 Fil p52 ).
TEFTA AR o, NF-xB LA M2 RIS S 1)
T AR AT, VT 98 4 M PN A A= A DXL R b 98
MRS AT AR RAESE R, NF-xB (24 8 M
AR (1B F ) 1kBa 2 WTE T & LE hi 5
AR YT, S SOt E i PCR AR e v e e
¥ 7R /NBERE T A HepG2 il i 1 9 NF-xBp65
KV, p65 it it AR T /NEEOK TS 5 1) 40
58, JEFHAE T HepG2 40 v 1%,
3.8 WL PhE LA & AT A

TEALIT 25 Z 25T 257 ( MDR ) 58K 21397
A ) F B Pk, MDR HARF S ATP MKy
Wy HERG 12 R A i B s, S 3kH MDR &
PE AL P J2 Al DR 22 90 A Tif 24 P 1) R ) — A
RO TT o BRPLAR S i 245 52 5% Ml JH- 4 g S8 35 T
FEMEEREKRZ —, KPR /N A A X
SMMC-7721 1 HepG2 4l i i) 38 5878 P[R9 1 7
Fi, SRR AN T R0, Ki67 (LA )
S PP G FE AR MR DG B, kA& HMQI611
( BCH)FI/NEERS A FIXT HCC 3458 8 75 T8 i 2
AR IFR IR R, BCH 38 5o 40 i 40 i i A &
( Cyclin ) CyclinD1 . CyclinE FI7& [ ( Cde2 )
ik, [FIET, BCH i T4 Ki67 Fl -catenin
VIR EJEEIEEE ( Axin ) Fl p-p-catenin 2R &g 41

il SMMC-7721 EFRVEA PR 194+ . #7% BCH
FI/INBE G P ) FH 24 J5 A2 AR SRR 9 35 3 B LR 6 A
JHF 9 AT AE DU 6 M, T 23 M i i A L
BT Wnt /B-catenin {553 A5 ma=, X
YRS R I HERR S 5-FU B4 25 g
A R SMMC7721 (3658, H 25864 1
iF, JAT SIRBEAN A L T 2 e
PR P 245 6 FRAE B 98 A F ob vl e A7 A6 B R4
Filo 2 %0 % 935 et 5 — HOBUIAY B vl I 25
XF IR RS AR A IR VE L, AL AT e 5 TGF-g/
P38 {5 53 I I A 6
3.9 ESRIRSTEIEE

A7 R T 2% 0 R B3 7 A T BE N SR ek
BBIRAE L Ak . TELJHEAIG RBEGE F, HUih
TR DL HAb A0 7 RIS A5, 8]
LS RS R 4t A i, LA 40 X R S £ AR
AT 3 8 g I PR YT P, /NBERII ] Huh7 Al
HepG2 #iifi ' Nrf2 ( NF-E2-relatedfactor2 ) {55
FOCEE IR ERIE , R BI/INBEG AT 38 i ) HCC 4
Ja b A Nref2 5 5% S a4 ofe it i SR Y
W N HepG2 4 FH #53% 20 A B 6174k
L, NBEROT WA R p MR RN,
ML i p38 MAPK &2 F1 ROS Y™ A= 55k 1 Bt
BV, BRI N T (PA28y) EiH7E
ALFE R 7E Y A 22 3 T s ) R A8 1 R Pt 5
FOREZMIAVEF A B O 08T 1458 HepG2 Al LM3
200 L P A S R L A9 BT R A 3
TR U 5 0
4 itig

JHF 9 Rt S B DR T 3R v ) e DL A IR i 4
e, SHRA R W RIR YT R R R — A A
o RO, A AT R £ & L 52
ROR . 35 J RIVE NS, BT 5E H 26 IR
AFITIZ R, S M kS 2B A 43 B EL A e
PR TSR, TR R S R R AR R, R
IFi) ST 56 A 7 H 32 495 11 e e 40 L RIS [X 31
Xt A SE A AT 5T B R4 T 9 B T DSt A Al LA
— MR L,

I X 45 24 B R SCHR A, AR STk
FAE YO S SR - R R, R SRR

128



SE295 2021 K18

ﬁ%ﬁmﬁﬁmf“

SCIENCE AND TECHNOLOGY OF CEREALS,OILS AND FOODS

[l

FroofR

/n\

A, @y THERABEMYS, 17 GO &EM

KEGG B4, &I 5wk A Pyt o 2080 o 55
BTl PI3K-Akt 2515 518 B 5K N A= 9 72 1)

Jr23aIT TP,

B ESE T 1 2% 25 B~ 1) 7 VA X

KB A Wy s AL S W DL R R B AR T HIL A0 A 5

T,

IAEAE S Z LR, I S vk

YRR KR Z 00T, 0, Ll 1R

FBLH,
SO TS HEA, O S MRS A W ) E

h S VUK S A W o 9 ) AL A
— B

FERE BT I BT TSRS
SE Lk

(1]

(2]

(3]

(4]

(3]

(6]

(7]

(8]

(9]

[10]

BRRTE, WAER, ERE, % APl PIBK-AKT-mTOR
%a‘ﬁ%%ﬂlfﬁﬂ H22 JF/ N U B DFE (D). N E R
2, 2018,29(9): 2060-2065.

QIAN H L, PAN Z Q, WANG X M, et al. Inhibitory effect of
Zhenwu decoction on tumor growth of H 22 hepatoma mice
through PI3K-AKT-mTOR signal pathway [J]. Shi Zhenguo
Medicine, 2018 Journal 29 (9): 2060-2065.

LI Z, LOU Y, TIAN G, et al. Discovering master regulators in
hepatocellular carcinoma: one novel MR, SECI4L2 inhibits
cancer cells[J]. Aging (Albany NY), 2019,11(24): 12375-12411.
K, A R ST AT A AR S e
TEHIME ROBTTED]. AR E SR, 2011,19(1): 62-64.

HAN F, ZHOU M L. Study on the optimal concentration of
oxidative stress induced by hydrogen peroxide in human
hepatocellular carcinoma cells [J]. Science and Technology of
Cereals, Oils and foodstuffs, 2011 Magi 19 (1): 62-64.
GOMEZ-CADENA A, BARRETO A, FIORETINO S, et al.
Immune system activation by natural products and complex
fractions: a network pharmacology approach in cancer treatment[J].
Cell Stress, 2020,4(7): 154-166.

VR, Mm%, L, S5 T 2GR KO TR
T2 O 3 Y R B AL [0, o B2 B 25 2 2 Ak, 2020,
40(12): 1312-1319.

XU H B, KUI X J, FANG C S, et al. To explore the anti-tumor
mechanism of andrographolide based on network pharmacology
and molecular docking [J]. Chinese Journal of Hospital Pharmacy,
2020 Journal of Pharmacy 40 (12): 1312-1319.

ZHU N, HOU J, MA G, et al. Network pharmacology identifies
the mechanisms of action of shaoyao gancao decoction in the
treatment of osteoarthritis[J]. Med Sci Monit, 2019,25: 6051-6073.
GUO P, CAI C, WU X, et al. An insight into the molecular
mechanism of berberine towards multiple cancer types through
systems pharmacology[J]. Front Pharmacol, 2019,10: 857.
FEETHT, EM, BRI SR A s A T P Rt
RO RS RE[I]. HHEZY, 2006(12): 1900-1904.

CHENG X X,WANG D M,YANG D P.Research progress on the
biological activity and structure-activity relationship of isoquinoline
alkaloids[J].Chinese Traditional and Herbal Medicine, 2006(12):
1900-1904.

HINS, SREEAR, 2RV, AF. SRMERRSE A MR TS P A AR AL
e R, TR P22k, 2016, 41(14): 2600-2606.

CAO P,ZHANG Z W, L1'Y, et al. Research progress in antibacterial
activity and antibacterial mechanism of isoquinoline alkaloids[J].
China Journal of Chinese Materia Medica, 2016, 41(14): 2600-
2606.

X, U, XM, SF. IR S MRS A M ) 2 B

[11]

[12]

[13]

[14]

[15]

[16]

[17]

(18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

BHBFFTHERED]. 225084585, 2015,33(4): 313-315.

ZHAO N, GAO F, LIU B, et al. The pharmacological effects and
research progress of benzyltetrahydroisoquinoline alkaloids[J].
Journal of Pharmaceutical Practice, 2015,33(4): 313-315.

LIU C, YANG S, WANG K, et al. Alkaloids from Traditional
Chinese Medicine against hepatocellular carcinoma[J]. Biomed
Pharmacother, 2019,120: 109543.

GUO G, ZHOU J, YANG X, et al. Role of MicroRNAs induced
by Chinese herbal medicines against hepatocellular carcinoma: a
brief review[J]. Integr Cancer Ther, 2018,17(4): 1059-1067.
QING Z, XU Y, YU L, et al. Investigation of fragmentation
behaviours of isoquinoline alkaloids by mass spectrometry
combined with computational chemistry[J]. Sci Rep, 2020,
10(1): 733.

WET, Ko, RE/K. MARBHTIR AL 5T
MR EE 2%, 2019, 27(18): 3323-3327.

FAN H N, ZHANG J, ZHU J S. Research progress on anti-tumor
mechanism of sanguinarine[J].
2019, 27(18): 3323-3327.

YE S, ZHAO X Y, HU X G, et al. TP53 and RET may serve as
biomarkers of prognostic evaluation and targeted therapy in
hepatocellular carcinoma[J]. Oncol Rep, 2017, 37(4): 2215-2226.
BUOLAMWINI J K. Cell cycle molecular targets in novel
Curr Pharm Des, 2000, 6(4):

JERE[)]. F

Modern Oncology Medicine,

anticancer drug discovery[J].
379-392.

WEET, okuh, REUK. AR HLT AT
fRIEE BE~F, 2019, 27(18): 3323-3327.

FAN HN, ZHANG J, ZHU J S. Research progress on anti-tumor
mechanism of sanguinarine[J]. Modern Oncology Medicine, 2019,
27(18): 3323-3327.

ZHENG K, HE Z, KITAZATO K, et al. Selective autophagy
regulates cell cycle in cancer therapy[J]. Theranostics, 2019, 9(1):
104-125.

LI F, DONG X, LIN P, et al. Regulation of Akt/FoxO3a/Skp2
axis is critically involved in berberine-induced cell cycle arrest in
hepatocellular carcinoma cells[J]. Int J Mol Sci, 2018, 19(2): 327.
TR, RALE, TR, 5. /DRI I HepG2 21145
FET-AEANER]. BE25%4)7, 2018,37(5): 512-518.
ZHANG Z M, QIN C R, ZHANG B C, et al. Regulatory effects
of berberine on the proliferation and apoptosis of liver cancer
HepG2 cells[J]. Herald of Medicine, 2018, 37(5): 512-518.

TAN Y L, GOH D, ONG E S. Investigation of differentially
expressed proteins due to the inhibitory effects of berberine in
human liver cancer cell line HepG2[J]. Mol Biosyst, 2006,2(5):
250-258.

SU Q, FAN M, WANG J,
epithelial-mesenchymal

ARED]. ¥

et al. Sanguinarine inhibits
transition via targeting HIF-lalpha/
TGF-beta feed-forward loop in hepatocellular carcinoma[J]. Cell
Death Dis, 2019, 10(12): 939.

PISTRITTO G, TRISCIUOGLIO D, CECI C, et al. Apoptosis as
anticancer mechanism: function and dysfunction of its modulators
and targeted therapeutic strategies[J]. Aging (Albany NY), 2016,
8(4): 603-619.

WANG N, ZHU M, WANG X, et al. Berberine-induced tumor
suppressor p53 up-regulation gets involved in the regulatory
network of MIR-23a in hepatocellular carcinoma[J]. Biochim
Biophys Acta, 2014, 1839(9): 849-857.

ZHANG P, WANG Q, LIN Z, et al. Berberine inhibits growth of
liver cancer cells by suppressing glutamine uptake[J].
Targets Ther, 2019, 12: 11751-11763.

WAN M, ZHANG L, CHEN Y, et al. Synthesis and anticancer
activity evaluation of novel phenanthridine derivatives[J]. Front
Oncol, 2019, 9: 274.

LIU W Y, TANG Q, ZHANG Q, et al.

Onco

Lycorine induces

129



=E5v00R

ﬁ; IRHEEEE

SCIENCE AND TECHNOLOGY OF CEREALS,OILS AND FOODS

E29%5 2021 £ 1HA

[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

[37]

[38]

[39]

[40]

[41]

[42]

mitochondria-dependent apoptosis in hepatoblastoma HepG2
cells through ROCK1 activation[J]. Front Pharmacol, 2019, 10:
651.

M, FER, B, % ARE S AE HepG_2 4hM
A RSP SEIRRTSEI]. HH25H], 2018, 41(6): 1449-1453.

JI'Y B, XIN G S, WEI C, et al. In vitro experimental study of
lycorine inducing autophagy in human liver cancer HepG_ 2
cells[J]. Chinese Materia Medica, 2018, 41(6): 1449-1453.

NG L T, CHIANG L C, LIN Y T, et al. Antiproliferative and
apoptotic effects of tetrandrine on different human hepatoma cell
lines[J]. Am J Chin Med, 2006, 34(1): 125-135.

ZHANG B, WANG X, DENG J, et al. p53-dependent upregulation
of miR-16-2 by sanguinarine induces cell cycle arrest and
apoptosis in hepatocellular carcinoma[J]. Cancer Lett, 2019, 459:
50-58.

NAGELKERKE A, SWEEP F C, GEURTS-MOESPOT A, et al.
Therapeutic targeting of autophagy in cancer. Part I: molecular
pathways controlling autophagy[J]. Semin Cancer Biol, 2015,
31: 89-98.

LA X, ZHANG L, LI Z, et al. Berberine-induced autophagic cell
death by elevating GRP78 levels in cancer cells[J]. Oncotarget,
2017, 8(13): 20909-20924.

YU R, ZHANG Z Q, WANG B, et al. Berberine-induced
apoptotic and autophagic death of HepG2 cells requires AMPK
activation[J]. Cancer Cell Int, 2014, 14: 49.

WANG H, LIU T, LI L, et al. Tetrandrine is a potent cell
autophagy agonist via activated intracellular reactive oxygen
species[J]. Cell Biosci, 2015, 5: 4.

QUAIL D F, JOYCE J A. Microenvironmental regulation of
tumor progression and metastasis[J]. Nat Med, 2013, 19(11):
1423-1437.

WRART, REY, X, 45 /NERE T TGF-B/Smad
1] TGF-B1 52 AT HepG2 4l Bz a) B AL B9
[7]. " EZE2EE R, 2020(2): 261-267.

CHEN C M, ZHANG G Z, LIU P P, et al. Berberine inhibits the
epithelial-mesenchymal transition of human liver cancer HepG2
cells induced by TGF-B1 through TGF-B/Smad pathway[J].
Chinese Pharmacological Bulletin, 2020(2): 261-267.
KREMER-TAL S, REEVES H L, NARLA G, et al. Frequent
inactivation of the tumor suppressor Kruppel-like factor 6
(KLF6) in hepatocellular carcinoma[J]. Hepatology, 2004, 40(5):
1047-1052.

WANG X, NING W, HONGLIANG L, et al. Up-Regulation of
PAI-1 and down-regulation of uPA are involved in suppression
of invasiveness and motility of hepatocellular carcinoma cells by
a natural compound berberine[J]. International Journal of
Molecular Sciences, 2016, 17(4): 577.

TSANG C M, CHEUNG K C, CHEUNG Y C, et al. Berberine
1d-1
development of lung metastases in hepatocellular carcinoma[J].
Biochim Biophys Acta, 2015, 1852(3): 541-551.

ZHANG Z, LIU T, YU M, et al. The plant alkaloid tetrandrine
inhibits metastasis via autophagy-dependent Wnt/beta-catenin

suppresses expression and inhibits the growth and

and metastatic tumor antigen 1 signaling in human liver cancer
cells[J]. J Exp Clin Cancer Res, 2018, 37(1): 7.

LIU W, ZHANG Q, TANG Q, et al. Lycorine inhibits cell
proliferation and migration by inhibiting ROCK1/cofilininduced
actin dynamics in HepG2 hepatoblastoma cells[J]. Oncol Rep,
2018, 40(4): 2298-2306.

ZHU L, NIU G, FANG X, et al. Preclinical molecular imaging
of tumor angiogenesis[J]. Q J Nucl Med Mol Imaging, 2010,
54(3): 291-308.

[43]

[44]

[45]

[46]

[47]

[48]

[49]

[50]

[51]

[52]

[53]

[54]

[55]

[56]

LUO Y, TIAN G, ZHUANG Z, et al. Berberine prevents
non-alcoholic steatohepatitis-derived hepatocellular carcinoma
by inhibiting inflammation and angiogenesis in mice[J]. Am J
Transl Res, 2019, 11(5): 2668-2682.

DESAI S J, PRICKRIL B, RASOOLY A. Mechanisms of
phytonutrient modulation of Cyclooxygenase-2 (COX-2) and
Inflammation Related to Cancer[J]. Nutr Cancer, 2018, 70(3):
350-375.

LI J, LI O, KAN M, et al. Berberine induces apoptosis by
suppressing the arachidonic acid metabolic pathway in
hepatocellular carcinoma[J]. Mol Med Rep, 2015, 12(3): 4572-
45717.

RE, B, M4, S R UTEAE HepG2 1
FBIBEFE]. TTAREGBIR A5, 2018, 34(5): 604-607.
YUAN W W, YANG L, YE M G, et al. Study on the inhibitory
effect of sinomenine on human liver cancer cells HepG2[J].
Journal of Guangdong Pharmaceutical University, 2018, 34(5):
604-607.

GILLES C, MARIE-ODILE F. The many roles of ubiquitin in
NF-«kB signaling[J]. Biomedicines, 2018, 6(2): 43.

LI M, ZHANG M, ZHANG Z L, et al. Induction of apoptosis by
berberine in hepatocellular carcinoma HepG2 cells via
downregulation of NF-kappaB[J]. Oncol Res, 2017, 25(2):
233-239.

GHANDADI M, SAHEBKAR A. Interleukin-6: A critical
cytokine in cancer multidrug resistance[J]. Curr Pharm Des,
2016, 22(5): 518-526.

HUANG Y, WANG K, GU C, et al. Berberine, a natural plant
alkaloid, synergistically sensitizes human liver cancer cells to
sorafenib[J]. Oncol Rep, 2018, 40(3): 1525-1532.

DAI B, MA Y, YANG T, et al. Synergistic effect of berberine
and HMQI1611 impairs cell proliferation and migration by
regulating Wnt signaling pathway in hepatocellular carcinomal[J].
Phytother Res, 2019, 33(3): 745-755.

XUk, #Fok, TR, FBEmIE S 5-FU X 40 i
SMMC7721 3§58 . JAT-RIRNA[I]. TS R B2 2 £ 5O,
2019, 19(20): 188-190.

LIU C, YANG Z R, YU Q G. Effects of sinomenine combined
with 5-FU on the proliferation and apoptosis of hepatocellular
carcinoma cells SMMC7721[J]. Digest of World Medical
Information, 2019, 19(20): 188-190.

Er, BDEM, K. T8RS T BT
SMMC-7721 4 g 2% #3 BURE B 19 2 A7 0 . 0 04 o 0 x
TGF-B/P38/Hsp27 il F YA HI[I]. BE250r T AWk, 2019,
16(3): 244-250.

WANG Y, LUO Y M, ZHANG L. The pro-survival, anti-apoptosis
and inhibition of TGF-B/P38/Hsp27 pathway of sinomenine
combined with metformin in nude mouse model of liver cancer
SMMC-7721 cell line[J]. Medical Molecular Biology Magazine,
2019, 16(3): 244-250.

YOU X, CAO X, LIN Y. Berberine enhances the radiosensitivity
of hepatoma cells by Nrf2 pathway[J]. Front Biosci (Landmark
Ed), 2019, 24: 1190-1202.

HUR J M, HYUN M S, LIM S Y, et al. The combination of
berberine and irradiation enhances anti-cancer effects via
activation of p38 MAPK pathway and ROS generation in human
hepatoma cells[J]. J Cell Biochem, 2009, 107(5): 955-964.
ZHAO X M, HU W X, WU Z F, et al. Tetrandrine enhances
radiosensitization in human hepatocellular carcinoma cell
lines[J]. Radiat Res, 2018, 190(4): 385-395. &

FiE: AR ORISR AAFE M (http:/lyspkj.ijjournal.cn/ch/

index.axpx ), FEFIN . T T, 4.

A SR R 2R




