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Mechanism of Arnebia euchroma Against Melanoma: An Exploration Based on

Network Pharmacology and Experimental Verification
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[Abstract] Objective: To preliminarily predict the active components, action targets, and signaling
pathways of Arnebia euchroma in the treatment of melanoma based on network pharmacology and molecular
docking, and to verify its possible mechanism of action in in vitro experiments. Method: The active
components and related targets of A. euchroma were retrieved from the Traditional Chinese Medicine Systems

Pharmacology Database and Analysis Platform (TCMSP) SwissTargetPrediction and literature, and the targets
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related to melanoma from the GeneCards, Online Mendelian Inheritance in Man (OMIM) , and Comparative
Toxicogenomics Database (CTD). Following the construction of the protein-protein interaction (PPI) network of
active components and related targets of 4. euchroma and melanoma-related targets using STRING, Cytoscape
3.8.2 was used for screening and analyzing the nodes in the network of A. euchroma against melanoma. The
intersections were subjected to gene ontology (GO) and Kyoto encyclopedia of genes and genomes (KEGG)
enrichment analysis using DAVID 6.8. Acetyl alkannin, the active component in 4. euchroma, was docked to the
target by AutoDock Vina 1.1.2. The in vitro experiments were then carried out to verify the anti-melanoma effect
of A. euchroma. Result: A total of 271 common targets of A. euchroma and melanoma were harvested, among
which 23 were key targets, including matrix metalloproteinase-9 (MMP-9) and Janus kinase 2 (JAK2). As
revealed by KEGG enrichment analysis, 4. euchroma mainly acted on Janus kinase/signal transduction and
activator of transcription (JAK/STAT), tyrosine kinase receptor (ErbB), and vascular endothelial growth factor
(VEGF) signaling pathways to resist melanoma. According to molecular docking, acetyl alkannin exhibited a
good docking activity with JAK2, STAT3, VEGF, MMP-9, and E-cadherin receptors. The results of Western
blot and Real-time quantitative polymerase chain reaction (Real-time PCR) showed that acetyl alkannin at
different doses inhibited the protein and gene expression of JAK2, STAT3, VEGF, MMP-9, and E-cadherin in
A375 cells (P<0.05). Conclusion: A. euchroma alleviates melanoma via multiple targets and multiple
pathways, and it may exert the therapeutic effects by affecting the expression of such key target proteins as
JAK2, STAT3, VEGF, MMP-9, and E-cadherin and inhibiting the invasion and metastasis of melanoma cells.
This study has provided an experimental basis for the treatment of tumor with A. euchroma.
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Table 1 Primer sequence of PCR

514 JPH(5'-3") £ ¥ /bp
JAK2 |3 TCAGAGAAGAAGACAGGAAGACAG 236

Tiif TTGAGAATCCAGAGCACTTAGAGG
STAT3 I AGAAGGACATCAGCGGTAAGAC 151
T it GGATAGAGATAGACCAGTGGAGAC
VEGF [- 9 ATCGAGTACATCTTCAAGCCAT 132
T i GTGAGGTTTGATCCGCATAATC
MMP-9 3 CAGTACCGAGAGAAAGCCTATT 111
T CAGGATGTCATAGGTCACGTAG
E-cadherin | Ji# ATTTTTCCCTCGACACCCGAT 208

T TCCCAGGCGTAGACCAAGA

2.6 I M R LG (Western blot) 23 87 %
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M1 SwissTargetPrediction *F- 5 , XJ 1 1 5l 43 1 47 #1157
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Table 2 Screening results of active ingredients from Arnebia
euchroma
JF% 4 ID i P A3 OB/% DL
1 MOL007736 J}HfRB 60.48  0.39
MOL007735 Jit-O-H Bt 1 3% 30.12 0.20

w

MOL007734 5-[ (E)-5-(3-0kM )-2-H 3L 61.8 0.24

s -2- A8 122, 3- 4R ) R R

4 MOL007728 %[ A 75.08 0.38
5 MOL007722 %#i% 64.79  0.20
6 MOL007716 ZBEFIF T 6239 0.27
7 MOL007715 StIGEE%E T % 54.64 0.29
8 MOL007714 WAL R %R 73.09  0.29
9  MOL002883 2 Z Ik 32.40  0.19
10 MOL002372 f1& M 33.55  0.42
11 MOLO001494 iV i ik £ g 42.00 0.19
12 MOLO000359 B-7% fi§ it 3691 0.75

3.2 “ZGW-IE PR -1 AT A I A KR
558 Y 12 TR PR R A3 R0 LV AE AR A S A
Cytoscape 3.8.2 #1245 4 - 0% Mk 1 o0 -1E
B A P o I D 2 A B A R R R e
B R R TR M L A SRR T L L (LR -1-
(5,8- 8 FE-1,4- "5 KL -2-25 08 ) -4- W 3L - 1% -3- 0
F R, 5-[ (E)-5-(3-1k M 3 ) -2- B 3 % -2- 0
B 1-2, 3 BSR4 | X S T 1 A 43 T BE K
B8RS PR R R AR T RO B R LT

3.3 Y- AR M SR A GeneCards,
OMIM F1 CTD % ik 5 4f8 P v A O R (4 R I HE A,
F PR S T, A5 A DG 4 147 > B SR B
PR3 0 7 E R R A 5 0 2088 9 o HE B A
Venny 2.1.0 7E 4k T. H.2: il 75 BUEL, HUH A2 48 5 31458
PR -2 W FE R HE R 2714

3.4 PPIMZE o i M oG B M fi AR ER 38 i STRING
Y 2 W A SR WO S HEAT PPN AT . 3R M 271 A
SN2 926 i o F A Cytoscape 3.8.2 4k 14 il
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NetworkAnalyzer T. 5237 W 2% v =5 5 4 J5 (8, # 28 (CC)FEHIME , 43 i &2 16.00, 95.658 88, 0.481 327 22,
PPI & [ B AE M 2% 8] . I rf B {H (Degree) B8 K, 5 P B K F =8 245 B /9 40 a4k 234, 5‘2%3

SOBOR T S B R . 12 ] CytoNCA #fi £ F1 96 $h
FERGITR M AR, A R (BC) , B L

R3 MEEERTEAZENZOER

Table 3 Core targets of Arnebia euchroma for melanoma

X S A PPL AR SC B A, J2 BT 85 5 B
3R I R A IR AL R

Frs HN# #L44 JEH S AP APy 5 E3: ol LY i
1 Aktl Akt serine/threonine kinase 1 139 9 575.658 0.670 025 17
2 SRC tyrosine-protein kinase SRC 108 4799.075 0.6214953
3 MAPKI1 mitogen-activated protein kinase 1 105 4134.733 0.612 903 24
4 EGFR epidermal growth factor receptor 104 3331.852 0.610 091 75
5 CASP3 Caspase 3 99 2948.767 0.597 752 8
6 HSP90AAT1  heat shock protein HSP 90-alpha 88 2617.1055 0.579 5207
7 MTOR serine/threonine-protein kinase mTOR 87 2219.7222 0.577 006 5
8 ESR1 estrogen receptor 82 2022.9943 0.574 514 03
9 MAPKS8 mitogen-activated protein kinase 8 77 1449.854 1 0.564 755 86

10 PTGS2 prostaglandin-endoperoxide synthase 2 72 2 388.468 3 0.565 957 4
11 MAPK14 mitogen-activated protein kinase 14 70 1769.645 4 0.558 823 5
12 PIK3CA phosphatidylinositol-4, 5-bisphosphate 3-kinase catalytic subunit alpha 66 1308.492 6 0.547 3251
13 ERBB2 Erb-B2 receptor tyrosine kinase 2 66 810.632 26 0.553 014 6
14 AR androgen receptor 63 1621.090 6 0.551 867 25
15 MMP-9 matrix metalloproteinase 9 61 1986.728 5 0.540 650 4
16 MDM2 MDM2 proto-oncogene 56 486.371 34 0.528 827

17 PPARG peroxisome proliferator activated receptor gamma 56 2018.203 4 0.539 553 76
18 KDR kinase insert domain receptor 55 771.524 6 0.539 553 76
19 HSP90AB1 heat shock protein 90 alpha family class B member 1 51 404.713 44 0.516 504 9
20 PRKACA protein kinase CAMP-activated catalytic subunit alpha 50 2 586.620 8 0.514 506 76
21 JAK2 Janus kinase 2 50 474.350 46 0.519 531 25
22 HDACI1 histone deacetylase 1 49 810.362 2 0.518 518 5
23 NOS3 nitric oxide synthase 3 48 1036.1959 0.535 211 27

3.5 GO M KEGG i & %541 #H DAVID 6.8
XF 271 4> 58 B 5 0 00 3 0 L A B0 R AT AR ) A
M, #3%] GO T fig & 4 4% H 832 4%, Horp A=yt 2
585 4% VA L ZH A 80 25 R4 T I HE 167 45 # 4 GO
ARG X PHEA AT 100 & BN AR TFE%
. H4E DAVID i £% 3| KEGG i % 117 %%, i 95 P
HEFP 22 0 HE 44 Wi 20 19 KEGG S 18 . He b vl 4%
F 30 B4R Xiﬂﬂti’%ﬁtu}fﬁﬁﬁﬁth A T FRAR
230 [ A R DRBR, A T R R R A S I ) W
'@?Jt@r%ﬁ?@%ﬁéﬁﬁépéﬁﬁdxo CIEiRE $-90)
S8 BRI AR N 32 B A A AR R AE GE K JAKY
STAT {5 5 i % , ErbB {5 53 i , VEGF {5 5 i % , L)
Ko PRSI A AR S I

3.6 T XERIE ARER, B RTS
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JAK2,STAT3, VEGF,MMP-9, E-cadherin # 1 75 1 /1Y
ZELE e -8.5,-7.7,-7.0,-9.6,-7.7 kcal-mol”,
¥j<-7.0 kcal-mol”, 3R Bl H &5 A9 25 & 16 Mk, 45 S T
% 4, Z WP R T 5 JAK2, STAT3, VEGF, MMP-9,
E-cadherin 5 /¥ &3 285 (U 0] A & 45 & 08 B &S5 )
FAPEH 7= AR R E S o

x4 ZBNFTRRERBEXRBAOIEGHETRN

Table 4 Prediction of binding energy of key anti-melanoma

targets of acetyl arkanin

ELy = PDB ID 4545 ik /keal - mol”!
JAK2 6VGL -8.5
STAT3 6TLC =7.7
VEGF 1WQ9 -7.0
MMP-9 1L6J -9.6
E-cadherin 47ZT1 -7.7
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3.7 2 Bk BT R 7 XF A375 40 M JAK2, STAT3,
VEGF, MMP-9, E-cadherin 3 [H & ik 7K - ) 5 I

Real-time PCR 45 R W7 , 525 41 (A375 4 i)
FH L, 280 AN [F) Ve B 2 mE BT R 77 T 009 A375 41 i

F E-cadherin mRNA ¥ % ik /K F & & Ft & (P<
0.01),JAK2,STAT3, VEGF, MMP-9 mRNA /) % ik
K 5 AR (P<0.01) , 4 mRNA kK F 5 2t
BT ) e B R AR, LR 5

R5 ZEEMFT7X A375 A0 ,JAK2,STAT3,VEGF,MMP-9 mRNA Rix kK FRIEM (xts,n=3)
Table 5 Effects of acetylakanin on mRNA expression levels of JAK2,STAT3,VEGF and MMP-9 in A375 cells (x+s,n=3)

21 51 34 /nmol - L™ VEGF JAK2 MMP-9 STAT3 E-cadherin
2 1.00 1.00 1.00 1.00 1.00
SRR T 500 0.54+0.02 0.70+0.01 0.82+0.15 0.77+0.02 0.82+0.03

1 000 0.47+0.10 0.66+0.03 0.62+0.15 0.52+0.04 1.28+0.17
2000 0.41+0.01 0.54+0.01 0.50+0.05 0.45+0.01 4.30+0.15

3.8  ZMEBT X A375 41 g JAK2, STAT3, VEGF
HHFIBKENEN 55 HAA37S )M,
28 3 A A v BE 2 T BT R 7 T A A375 46 M P
JAK2, STAT3, VEGF # [ 1Y 3 35 7K °F 2 B 12 B A%
(P<0.01), ¥Rk AR PE, WK 1,3 6.

. LI

' 130 kDa
SoaInnlle APeeh_
N e —— o— m— 1

A B C D
A. 25 H A B, BT R TR 41 (500 nmol- L) ;C. ZBEKY 7
3 & 4L (1 000 nmol-L) 3 D. Z B B R 5 i ) 4 41 (2 000
nmol-L™")
1 S STAT3, JAK2, VEGF & AR & B ik
Fig. 1 Electrophoretic of STAT3,JAK?2 and VEGF in each group

JAK2

STAT3

of cells

®6 ZBMFT3 A375 MM, JAK2,STAT3, VEGF & B & &k
FEHRM (x+s5,n=3)
Table 6 Effects of acetyl arkanin on the expression levels of

JAK2,STAT3 and VEGF in A375 cells (Xx+5,n=3)

o I 4
21 51 . JAK2 STAT3 VEGF
/nmol-L
= H 1.00 1.00 1.00
BT T 500  0.74+0.09  0.6£0.05  0.97+0.08

1000  0.67+0.01  0.65+0.12  0.78+.0.07

2 000 0.35+0.1 0.23+£0.06  0.52+0.12

4 itig
A 5% A o O 28 24 B S X6k i 8 B 1) 36 1k AR

Gy BEAT O, 45 AR WY, R R 2K A IR T
(6 S e el U R S ARk W I N0 2 vind G
O DB i 55 P oy B A B0 R L 2R R 2R AR L
Yy T BT R 7, X ) 4% 24 B 2% 5 AR AR F] (1) MMP-9,
JAK2,STAT3, VEFG %5 #8 5 J2 30 B 547 52 56 50 o

JAK 8 S8R Jm T3k 5 15 180 11 1% 20 2 A g, 7
M, JAK -3 Fl TYK2 4 4480 53 S REAS ]2
STAT J2 21 i N 5 22 (115 5 i 5 S sy 0 11 L #l
STAT (1-4) , STAT5a, STAT5b 11 STAT6 %5 7 4> i H
ALK, TAKs 16 1k J5 BE I 0E STATs, 3 [Al 44 it £ 2%
=5l B, 40 JAK1/STAT6, JAK2/STAT3 Fil JAK2/
STATS % . JAK/STAT {55 5 3 % 9 | iife 20 Jitd D 5~ 3l
WU BT TR R, S 5 R A L A
1R B I B A A5 A P AR R A R &
A R EPY L Horh  JAK2/STAT3 {5 5 5 75 i 92 21
JiL ) 42 78 30 A o B R I AR T . XU ST R B
JAK2 7E i L 4P R 3k 1R, O H 45 0k B 45 5 B+
Ko bR JAK2 (1 3 3K 23 48 HE i 9 A At 3 5 5 7%
R ZERE S, F A JAK2 B9 R 38 W VE A 2 . LIN
RPN B, STAT3 i a3 | 34 miR-92a B 3% ¥, A i #08
] 3 7 8 RECK (19435 , fig 17 Jlti 98 200 Jfd 1) 4 22 4k
WF 78 H% 38 , STAT3 Al 2 5 1 448 ML 45 66 JS B it 5 35
B LA T R 20 M3 Bl 5 AT R DL KGR AR 1 A 5 i A
Do i A 4 34 I A A O B D R

MMPs J& 2 5 Il 45 5 i 5 5 M 5 97 o o 2 1) OC
AR, L A B ) RE Ok B A O T BR 40 i A JE
5T . MMP-9 J& 5 5 4 J@ & 1 i R I 2 — , J2—
oA 1 K S i, TR PR IR Zo™ M Cat g 6 AT [
it 4 JEL 0 56 0, 12 2 BT I A AR R, 9V 4 ) 4
5 5 Jo [R] AR BREVE D, 18 5 g 0 2230 e RS RE D .
PUAE KRB 5T F 0, MIMP-9 AT 78 Ji5 B g i 40 AR
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STAT3 i1 MMPs 19 3k , & 3 Ji 40 37 5 40 g Ak
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STAT3 i 4= (1 I 3l 25 1 45 & 45 F1 (fascin) B F 5
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I AT FE [ ik ok Jeg S5 FEE R i 93 ) o 1 o AR s &
VEGF 7 £ , MMP-9 il VEGF 7 3% 1 b I8 () 1= 78
FIEG RS v By 400 0 o 2 A (517

VEGF J& — & R5 5 1 40 i 5, 3222 iy M9 4
YL T D B 0, T A P R 4 I 1 3
B of, % A9 58 & P . VEGF % i 43 4% VEGFA-E,
PIGF1-2 3% 7 Fb 85 (1, DA B 3 i i 0 R 2 (1 I il =2
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2 T 10 A8 PN R A0 B A0 BG B 15 SR A I A R AR G
T I A A R R el ] i 2H 4R 1Y s B
SR . VEGF i mJ 1] {2 2 MMPs 11 4 B 1 43
W0 IR A M BG BEAR 28 RN L B 1 g S
WG 9 STAT3 7R 1] _F 3k VEGF By ik,
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