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Investigating herbal active ingredients and systems-level mechanisms
on the human cancers
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School of Korean Medicine, Gachon University

ABSTRACT

Objective : This study aims to investigate the active ingredients and potential mechanisms of the beneficial herb on
human cancers such as the liver by employing network pharmacology.

Methods : Ingredients and their target information was obtained from various databases such as TM-MC, TTD, and
Drugbank. Related protein for liver cancer was retrieved from the Comparative Toxicogenomics Database and
literature. A hypergeometric test and gene set enrichment analysis were conducted to evaluate associations between
protein targets of red ginseng (Panax ginseng C. A. Meyer) and liver cancer-related proteins and identify related
signaling pathways, respectively. Network proximity was employed to identify active ingredients of red ginseng on
liver cancer.

Results : A compound-target network of red ginseng was constructed, which consisted of 363 edges between 53
ingredients and 121 protein targets. MAPK signaling pathway, PI3K-Akt signaling pathway, p53 signaling pathway,
TGF-beta signaling pathway, and cell cycle pathway was significantly associated with protein targets of red ginseng.
Network proximity results indicated that Ginsenoside Rg1, Acetic Acid, Ginsenoside Rh2, 20(R)-Ginsenoside Rg3,
Notoginsenoside R1, Ginsenoside Rk1, 2-Methylfuran, Hexanal, Ginsenoside Rd, Ginsenoside Rh1 could be active
ingredients of red ginseng against liver cancer.

Conclusion : This study suggests that network-based approaches could be useful to explore potential mechanisms and
active ingredients of red ginseng for liver cancer.

Key words : network pharmacology, processed ginseng, liver cancer.

© 2022 The Korean Medicine Society For The Herbal Formula Study
This paper is available at http://www.formulastudy.com which permits unrestricted non-commercial use, distribution, and reproduction in any medium,
provided the original work is properly cited.

175



Chsttolst Wajiets(z| H[30H A3E (2022\782)
Herb. Formula Sci. 2022;30(3):175~182.

I. A&

TS (liver cancer or hepatocellular carcinoma,

HCOE why 218 9 27303 SelA 713 &3]
et 39 3 shiolth IMERES £ TS
3} slstane] oie WO Qs 57t BaR Ao
2 geld glon, 7 oldjo] AMY Az &
oA G, 7 olAe FF W u ohlel wyHA @
Fo= qls) £4E 7 22 AAT 5 9 BHel
QAR ARG e AL T 9igo] B
© vt e, webd, ZAERES] A 2 o AFFE
Mok YA NFE FHAY S 9k wFEH X

=4 9] Jldro] Qo))
t2 914t (Panax ginseng C. A. Meyer)2 %7
71ef Ao 2 AA o X Aojm, HE
EZ43LE o QIAtiH] 43
Aoz A . HZ
to] ZRA|EREE ol &8 &
TFEo] Fy=HL Qe AE
TIA S HepG2 Al
{ AlZFo] sl Lkl Az E3to|
171 A RIE Hol=AS gIstglon, Zhu
Skl diAAIE skl 20(S)-protopanaxadiol
HepG2 A|ZFollA FARTE I 4 Slrk=
2L Bt o]8e 4ZA AE#HA (endoplasmic
reticulum stress) 5 42 aifo] oigt 7|z A
AlSEAEE, ob2] T AAAR] 7S =] otk
YEYT ofe|gh2 oFF mZ9| mfotit A2 H-g
S 1Y & e AR WHor RS,

E9a ofejste ofgwt oA Guide] g MEY

R |

>~

—_

o

[e]
H
(0]

o rlr o

2L H

o

fol
B

fo
o

e

o
Hir
Rl
o

[

)
o

ox o
oS
fol

oo ok

WE
t\.
£
il
foy

oli
T s

o/

=
>

il

' e

<
o

N
3
ot ox

e

i3
ol
ol
<l
o

1T

o N2 rlr m
i}

b
L
roll

B

ot & Kot 3% oo
rlo

2

pAwg

2 25 5] olF BAS PAoz AHgHLY, A
FASE o5 Bl Aok A2d 4+F WS

E3], Guney 572 HEY

yAjo] ofZof et

ot Hestel g,

Aze AeEe BAT 4 e Wtk of Aol
Sy AT oA wd-wd Aodg yEYa

(protein—protein network, PPD/FolA oFZ2] &
4 el Jlo] AT 45 1 okgo] A
Aol e vE Aol ° Erh= Zolth o]

o]

e

=
S

Hr
-+
o,

1
u
o
i

1
>

o
E O
2
|o
u

of rr
1 U?_I‘, _19.:1‘(

o -
ol
= 1

B

£
=2

12
:

Of
|
)

&
ol
o
lﬂ o}olv
o
r

1=
o
il
-0,
e
Jsv)
i)

|
)
I I

EAHRE HEYA ofst HolgHolA
% Sl TM-MCPE 285l0] ozt TM-MCe
IRrtEdHE AR HED 4 Q&= Tk 2
gt ZZAR] ARARE AlFsiTE dolEH o] Ao]
o, el gt ID % stel pubchem
IDE AFsiFe E4ol vk TM-MCoA
(fr2, Red Ginseng) o2 HMZE Ayl 491F AJ&ol
I o] F] EAZ fote], A&l gk d=
Zol EZF ID¢l Pubchem ID7} £A3t 416 AEo]
tigt 917789 PubChem ID7} B2 HARE HAMT
Sato]l AR o7 Mexct

rir

A
T
=z
T

o

3HE B

Ol

H

ol

=

LU

Q!

2

N
b

Z8 BH4R v}

Agdrozr AZH JE-TH Fo] T4 HE
ARZ2 15U Huang 5 2] dlo]EH|o]
Tt HAE gt oheket A/ =2H
AEstgitt. STITCHE &9, Ad4 A
et oheFgt dloleljo|AE FEote] 40%HA

o H

> L

s

Mot o
Il

|
AL
=
=

[¢]

*Corresponding author: Won-Yung Lee. School of Korean Medicine, Gachon University, 1342 Seongnam-daero, Sujeong—gu, Seongnam-si,

Gyeonggi—do, 13120, Republic of Korea

Tel : +82-31-961-5825, Fax : +82-31-961-5835, E-mail : sundong2371@gmail.com
*Received : August 21, 2022 / Revised : August 25, 2022 / Accepted : August 26, 2022

176



olgE | AARE ST HIEQS TN HITUA 28 A2E FE AT

Lee W. Investigating herbal active ingredients and systems—level mechanisms on the human cancers

o] AHo| gt A %
o|xolt}, TTDE: <&
A O ATAGAR =&
Hlel 2ol BAA ] 5
9] ensemble protein IDE SYNGOPZ
gene symbolZ WA2FE]QIT},

EE

Fgstel

’i‘ Q(ﬂ a} 0}5104‘:}
olE YIEYA (bipartite network) =
, UEHIZE FAste HY kE(node)=
F2 wd mAS oo, A&y EAZHO
oA [S=iul=g
ch- Al Z+etst7] <

o,
459t

ol H/K-]
=

2l

‘3‘174(edge)£ AE-ZHB/AE
-1 Eﬂ o] 7]—_,]

5to] Cytoscape (version 3.8.2)'97} €

2w

=

1o

rﬂ-

oz AA

e Comparative Toxicogenomics
(CTD)”)oﬂ/\i metE gty CTDe %l
5 2 011]'—-4 AEA TS FEE Sk
T E]O]Eiﬁﬂol/\i/ﬂ w7hso] Adeh Ao #
A oheEs Zﬂ%‘oﬁ—m_ Uttt CTDelA =eld
A IZAE (hepatocarcinoma)®] e Tl o,
Zof| AFAR ZAZF e W41 “Marker/Mechanism”
1 “Therapeutic” 22 Ao gl S At
Atk I A, IAEGE i 522719 Tl
o Q1= ]l

ofoh

s

7

—

(Gene set enrichment analysis, GSEA)'
S9Ir}. GSEAL 44 W@ Holeg B4sto
do] e = FRo| BEE 70 ¥H A5 A

FAROR fojue7] Brleke Wlolch GSEA
25 ol oA g
A= BEQU gseapyE T8Eoto] EAHGt
EnrichrS gene ontology'”, kyoto encyclopedia of
52 gasto] A7
274 AES 1

genes and genomes (KEGG
%—75);’ }\g 01—14 7]&_,/]. e 0‘]?4

0= adjusted p—value, z—score, combined score®}t

177

F4oJc}t. Combined score
F 2t z—score®] E3H
o8& SAlell 1
sAg H2E A3
GG EAA], organism system®] 4%
nEsteal, BY hddt 22 Al &

3
)

6. EHI 3= 24

HEYT 2HEE A% BX (reference distribution)
£ 7Iste =z orEo A ol Fut Av I o
A T Aol g AR ol AiidsE ALtE
7tEs] Aestd, TE oFE B4 AE, S& W AE,

ds, 0% 1w 55t ¢ Aole] A Az ol Aol
W, MEYQD THEES wesh] el WA olehel

Zol A B EH‘ 93t ok 14 7ke BF 2

|
FoAE UETANAM 245tz

EZERERERE L OE i
S9} TS 4E2g VEAIY

Tl Aol o]
ggoto] Fx
, A 7‘S’—’.\—(relative score)=

u, (S 7)3+
BZB% 0, (S T)E olgste] ofefet Lol

=]

s

Ak,

3 1178
flavonoids & 87fllA o] d&dxE AAFE 4 U=
AAAR ZAE YA, ol WEYR ZHE
AES 04126% A 2lol Al
: 3 2Rz digh

5ol £ A7V &

2
g 4

siek



Chsttolst Wajiets(z| H[30H A3E (2022\782)
Herb. Formula Sci. 2022;30(3):175~182.

m. A PTGS2, RELA, IL1B, PPPIR3A, @ RHAG So] &
A 4kl AE A (degree)’t 7 =T (7
1. 340 JE-84 YEH3I 75 11, 11, 9, 8, 8, 7, 7, 770). ¥t®, 30270¢] ©hd &
Symmap, Huang 5°] F%% dlolg AHE, TTD Aol A =27 shte] T4 AR Aol e
S ot HESD ofeet golEHo]AE &85t Aol WA SR Ao FAEEY Hoish=
Aol AR Addor AFH mHE melsiyich BAS 1=27] 98l & dFolM= T4 ARl AT
°olE AEES TET A, 53F9] ol digt 42 B degree (1.56) Bl o =& $3& Hol: 121
I 427F0] uE mA Atolo] 664709 AdwE-EA el el BAS Y FHor AHEsto] ol Z
AEE SESIAT (Table 1). $4H9] 84 oW F Aol Ar-g-steATt.
o4& PRB2, RBL2, NOS2, RB1, TNF, CASP3,
Table 1. Statistics of experimentally target information for red ginseng
Source N Nr Nira
STITCH 15 169 319
TTD 7 8 9
Huang et al. 42 255 385
Total 53 4277 664
Ny number of ingredients, N7 number of targets, Njz4: number of ingredient—target associations
2 ZAZYE wuEse] By 2 BY ASAT 354 S AL HAson] BAY feln 94
Az 79 0.01 ojstdl A shlssirt. ojze F4re] whulz
Ao el mASW ARGFIY] dRde FAo| A EAFS] il OF3 [ofugt BF
solshat gl el THE AR-RA guel 1 & molks AL ey
Az A Aols] FPE S AUSAL.  olF, GSEAS Bgstel Tl ojue HHEUT
FTHE B4 ZAd 122F9 34 324 Fol 22709 v oplE AodY Aol wHE=A #risko
F2o] ThM|dF PHAE AS st x7]st TAZGZ Bd Aodg B=s offiet ol
HAE (hypergeometric test)+= ©] FHEZ7t F2H9] KEGGoA zterell dish AAIE 7709 Aodd A=
7%k (random expectation) 2t F&jnlstA] zfout £ x5t calcium signaling pathway, cell
A 2lstr] flste] #EH AT A 7RSS cycle, MAPK signaling pathway, p53 signaling
EARAR X0 ALSH Ho]EAEYA B4t A& pathway, PI3K—Akt signaling pathway, TGF-beta
¢t Fds 248 AR A o2 A ESE signaling pathway, wnt signaling pathway. ©]& 4l
TAgh aedy deEE g/ SRE 324 o5 2AYE A= Foll, 579 Asdg A=t 4 =
wEdon Aol ozt 4ol BA wude]  ASw AR golulshl paHe AL selel
WAGETe) FHE BA47F 229 AlogkEct  Aet (Table 2.
Table 2. Significant enrichment pathway related to hepatocellular carcinoma by targets of red ginseng (adjusted
p—value of < 0.05).
Term Overla Adjusted  Combined Protein targets
verap P-value Score (coding gene official symbol)
TGFB1, BDNF, FOS, MAPK14, TNF, RELA,
MAPK signaling pathway 16/255 2.92E-11 331.02 EGFR, NFKBI, IKBKB, IL1B, CASP3, DDIT3,
FAS, AKT1, MAPK1, TP53
p53 signaling pathway 6/69 1.06E-05 204.80 CASP9, CASP8, CASP3, FAS, BAX, TP53
_ . . _ BAD, NOS3, RELA, EGFR, NFKBI, 112, VEGFA,
PI3K-Akt signaling pathway 14/341  9.28E-08 138.82 RBL2, CASP9, IKBKB, IL6, AKTL, MAPKL, TP53
TGF-beta signaling pathway 5/84 0.0003 94.61 SMAD?2, TGFB1, IFNG, MAPK1, TNF
Cell cycle 5/124  0.0019 49.83 RBI, SMAD2, RBL2, TGFB1, TP53
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Fig. 1. Compound-target network for Red ginseng. Circles and diamonds denote protein targets and
compounds,  respectively.  The  targets  proteins  related  with  hepatocarcinoma  and
hepatocarcinoma-related signaling pathways are presented by border and body colors, respectively. The
yellow diamonds indicate “Compounds”, and the purple empty circle is “Genes associated with the
liver cancer”. Each color means the corresponding pathway related with the liver cancer (i.e. Wood,
TGE beta; Purple, Cell cycle; Red, MAPK; Light green, PI3K-Akt; Orange, p53; Grey, Others)
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Table 3. Name, Pubchem ID, and structure of potential active ingredients of Red ginseng on the liver cancer

Compound name Pubchem ID d, (S, 1) de

Ginsenoside Rgl 441923 0.56 -5.67

Acetic Acid 176 0.43 -4.80

Ginsenoside Rh2 119307 0.67 —-4.15

beta—Caryophyllene 5281515 0.70 -3.81

Notoginsenoside R1 441934 0.80 -3.75

Ginsenoside Rkl 11499198 0.50 -3.68

2—-Methylfuran 10797 0.00 -3.68

Hexanal 6184 0.00 -3.65

Ginsenoside Rd 11679800 0.00 -3.65

Ginsenoside Rh1 12855917 0.73 -3.51
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