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[ Abstract] Objective: To predict the therapeutic target genes and related signaling pathways of
Qinghuangsan (QHP) in the treatment of acute myeloid leukemia (AML) by network pharmacology, molecular
docking, and further clarify its mechanisms through in vitro cell experiment. Method: The active components
and targets of QHP were retrieved from traditional Chinese medicine systems pharmacology database and

analysis platform (TCMSP) , traditional Chinese medicine integrated database (TCMID) , TargetNet and
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SwissTargetPrediction databases, and AML-related target genes were obtained by GeneCards and online
mendelian inheritance in man (OMIM) databases. After screening the common targets of QHP and AML, the
protein-protein interaction (PPI) network of the common targets was constructed with STRING, followed by
gene ontology (GO) term and Kyoto encyclopedia of genes and genomes (KEGG) pathway enrichment analysis
based on RStudio software and clusterProfiler, Bioconductor packages. At the same time, Cytoscape software is
used to construct the network of "disease-component-target" and "compound-target-pathway". Select the active
ingredients of QHP for molecular docking with the top 8 targets in the "compound-target-pathway" network. /n
vitro cell experiment and Western blot were used to further verify the anti-AML effect of QHP. Result: The
prediction results show that there are 11 main active components of QHP, and 22 common targets of QHP and
AML are collected. KEGG pathway analysis results show that phosphatidylinositol 3-kinase/protein kinase B
(PI3K/Akt) and mitogen-activated protein kinase (MAPK) signaling pathways may play a key role in the
treatment of AML disease by QHP. "Compound-target-pathway" network analysis showed that the top 8 targets
include Aktl, phosphatidylinositol-4, 5-bisphosphate 3-kinase catalytic subunit alpha (PIK3CA) , mitogen-
activated protein kinase kinase 1 (MAP2K1),TP53, serine/threonine kinase (RAF1),B cell lymphoma(Bcl)-2,
cysteine aspartic acid specific protease( Caspase)-9 and JUN. Molecular docking results showed that 3-indolyl-8-
D-glucopyranoside was optimally docked with MAP2K 1, isovitexin docked with PIK3CA , and indirubin docked
with Bcl-2. Cell experiments show that 3-indolyl-B-D-glucopyranoside, isovitexin and indirubin can effectively
inhibit the proliferation of AML cells, regulate the MAPK/PI3K signaling pathway, and inhibit the expression of
Bcl-2 protein. Conclusion: QHP can treat AML through "multi-component, multi-target, multi-pathway"
synergistic treatment, and its mechanism of pharmacology may be related to the regulation of MAPK signaling
pathway and PI3K/Akt signaling pathway.
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Fig.1 Work flow chart of this research
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Table 2 Information on core targets of QHP against AML

& fiifx ASPL BC CC' CC* FEfd
Proto-oncogene protein JUN 1.211 0.130 0.826 0.495 15
Estrogen receptorl ESR1  1.211 0.183 0.826 0.448 15
Caspase-3 CASP3 1.263 0.073 0.792 0.571 14
Caspase-8 CASP8 1.368 0.044 0.731 0.636 12
Tumor necrosis factor TNF 1.421 0.068 0.704 0.618 11
Caspase-9 CASP9 1.421 0.030 0.704 0.691 11

Prostaglandin G/H synthase 2 PTGS2 1.421 0.075 0.704 0.582 11

checkpoint kinase 1 CHEK1 1.579 0.075 0.633 0.611 9
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(MAP2K1) 8 T2 AH 5 3 P (TP53) | J i 4 A 22 95
SR 45 1 -1 (RAF1) (Bel-2 3 A | Caspase-9 #il
JUN] 5 & W10 MG PEAL G AT 0 4 . Bk 4h
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A eI AL A W 43 T 0 B2 UL 3 5 RBEE o A R
AR, B T EIL & 9 (sticks 15 8) ) 76 41
Xof IO 2K P (A AR R ) b B SR AR G A T R
AW 5 A LR G B AR ik 2 TR] Y A AR
F B TS 2 R A S RN ARG W 2 R
25 (0] HE B 4 D0 5 A5 W R0 B P o 2 R R R i 2 ] &
SH R K () M L A Y — 4 S 1

2t & F M J1 {8 <-7.0 kcal'mol' (1 kcal=
4.186 k1) KWz &Y 5 E Oz H B4 R 47145
B ED B2 A oE 0 R AR, X B AR A
SR & 5 % A% 11 PIK3CA JUN AHSE 4, 3-M5| M
B5-B-D-N W 8] A BT 5 22 R B 1T MAP2K 1 A B 4T
52 K8 11 Bel-2 85 45 A, UL 5 3 R B A4 okt
S 4R R 4300 5 32 1R 8 11 PIK3CA w22 2k 12 4% gk
Val852( K J# 3.06 A) Fll Lys802( K i 2.86 A .2.88 A)JE
A HE L 5 & R 5k JE Asp805. Ala775 . Lys776.,
Ser774 | 11e932 . Met772 ., Met922, Val850. Glu849 .
11e800 . 11e848 & Asp933 JE i /K /E F Jr X AH 45 4 -
St 43R 2 0L 5 2 R R 1 TUN s a3 R AR 3t
1e32(2.82 A) il Glu109(2.59 A) & i A HE , 5 4 5
i 5% 3t GInl17. Asnl14 . 11e86., Met108 ., Ala53 J
Leul 68 J& il i /K A H 5 AHSS & o 3-m| Wk 5L -B-D-1ik
R 7 %5 B8 1 5 A2 PR 3 1 MAP2K L A 1) 0 3k iR ok ik
Asp208(3.00 A) & Asp-190(2.86 A) I i & 5t , 54
LR 5k Lys97 . Leu215 . Phe209 . 11e216 . Met219
Gly225 I i KAE G AHEE & . B K4l 552
& & [ Bel-2 iy & & MR 4% & Val253 . Phe254 .
Thr266 . Leu267 . Met250 , Phe270 , Phe228 2 Met231
W K AE 454 .
4.8 SLHREUE
4.8.1  3-M5| W B -B-D- Ik Il 7 45 5 4T AR 2 e
LR KG1-a 20 M 3G 58 1 52 ) A 52 55 5k H] CCK-
8 T A W AN [] ¥k J32 1) 3- W] Wik S5k -B-D- NI Wi 5 25 W 1
SR BE E LA B KG1-a 40 i) 48 hoXF 4 i 1 5
MR, DL 3. 525 4L L, 3-15] W 3 -B-D- Mt IRy
AN 0.39 wmol - L JF 84 % KG1-a 4H i1 38 58 A
A VRIS AR R B L e W
KG1-a 20 i 09 385 5, JF 52 e B AR 1
4.8.2 T BOBCA ROK 4 3-05] Wk 5L -B-D- 1k g 5 4 B
TS R fE B4 KGl-a 40 i b MAP2K1 .
PIK3CA Bel-2 & H Rk K FR I 3T rY
4.7 WU 3 7 R 4R 4 45 28 3 0 5 3- 05| Wk B -
D- W, W 45 % A A MAP2K 1 8 (5 4 & o
PIK3CA . #t £ 21 %F Bel-2 2 (IR o FHAS [A) v
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£3 AEARENI-BIRE-S-D-WHHEET BHAZ HELNKGL-a@lBMHE R (x+s5,1=6)
Table 3 Inhibitory rates of different concentrations of indican, isovitexin, and indirubin on KG1-a cells (x+s,n=6)
KG1-a 4 L 410 1 % /%
2% JE /wmol - L™
35| 4 5L 8- D -t I 4 26 A LR B B 21
0 100.00+7.38 100.00+2.54 100.00+4.62
0.006 98.88+4.45 94.37+4.16" 80.68+5.38%
0.024 99.98+12.75 85.67+3.39% 74.88+12.25”
0.098 95.45+5.94 74.40+5.58% 64.04+6.73%
0.390 85.64+6.49% 54.00+9.98% 59.26+8.87%
1.560 75.17+9.99% 44.30+12.42% 56.48+8.50%
6.25 64.07+8.93% 39.96+14.37% 50.98+7.18%
25 57.29+9.12% 42.06+5.617 38.49+5.07%

0 52 A eV P<0.05,2P<0.01(F 4-F 6 7))

1Y 3- 05| W 3 -B-D- Wit IR 48] 49 W L AR R R e R AT
(0.0.098.0.39.1.56 pmol- L") At FH KG1-a 4 i1 48 h
J& ,MAP2K1 .PIK3CA .Bel-2 B ¥ 8 F M. 454
20 i 335 5 400 o S 0 25 R L RO AT A 2 a0 o 40
JHL A R R Y 22 24 DT AR 2R R (MAPK) 38 % AN
PI3K 15 5 i i K ¥t 2 PEBE &R F1 s iy 36 1k . DL
K2 .#4-%6.

var2k1 D S — s .
oo R

B PIKiCA WS S S e 110 0=

GAPDH [ w S — 7 D2
C  Bd2 - B S s 26 kDa
carDH WM WD SRR S 37 0.

a b c d
TE AL 3-5| WAL -B-D-IE W 4 40 85 1 241 5 B. SR 24l C. #E &
2140 ja. BHI4 ;b~d. QHPO. 098,0.39,1. 56 wmol-L"!
B2 AEZYIREARS KGl-a 41 MAP2K1.PIK3CA Bel-2 &
B Rk Bk
Fig. 2 Electrophoretic of MAP2K1, PIK3CA and Bcl-2 protein
expression in KG1-a cells in different concentrations of indican,

isovitexin,and indirubin

3 itig

AML J& — Pl B B i 1 3 4 e 82 59 9 4 S
I 88 i 9B R T A OR AML I PR IR 9T T A
2 Rk R R AR ANSE T AR A AW T . A
Ay DN 5 AT T 2 o ik 3 B R itk 1 5
e A i AML %2 AR 2 e 1) 3 23 BLAL AR = v BRIk

F4 ANERER3-BGIRE-B-D-M I H H #EFH X KG1-a 4 i
MAP2K1 EBRIEKEMEM (x£5,n=3)
Table 4 Effect of different concentrations of indican on

expression levels of MAP2K1 protein in KG1-a cells (x£s,n=3)

21 51 e ¥ /mmol- L' MAP2K1/GAPDH
bl Eic 1.27+0.12
3- 5| R e -B- D~ i 5 46 Al 201 0.098 1.19+0.13
0.39 0.97+0.13"
1.56 0.87+0.14"

x5 AAREMSHHAZEHNKGI-aZiil PIK3ICAEAREKTY
2l (x+s,n=3)
Table 5 Effect of different concentrations of isovitexin on

expression levels of PIK3CA protein in KG1-a cells (X£5,n=3)

2H 5 e /wmol - L™ PIK3CA/GAPDH
el Eic 1.05+0.04
SAtH R4 0.098 0.97+0.07
0.39 0.68+0.07>
1.56 0.71+0.02%

*6 ARREMBEEINKGl-afifflBel-2ZERRIEKFEHZM
(x+s,n=3)
Table 6 Effect of different concentrations of indirubin on

expression levels of Bel-2 protein in KG1-a cells (x+s,n=3)

215 #e )% /pmol - L Bcl-2/GAPDH
A 0.75+0.05
i SEA A | 0.098 0.70+0.16
0.39 0.46+0.07>
1.56 0.27+0.06

o, AML Z A IE AU B 3, R ALE I HLIK
BA B 2 3 L IE SO0 R A5 L PN RE AR ML, AT A= AL
W, S BOM 2 IE B ZUE™ o B3 AR HL L 16 97 1L
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MAETRAE " &, LA 75 A5 0 AN (M. R
HEHGAT AML S T EHS IR e S . h
T I B HOG AML IR IT AR L AW 58 R W
LRI Ay T R B AIE B S5 B IE 55 5 vk R B
I M B R AR FHAL 64T T R G507

A B 538 1 F G4 B BRI M AUSr -AML R
I HE A A A I N 4%k B B O OR 10 4SS
fRa, Horp et Ak A 4 32 520 3-15] Wk 3L -B-D- itk I
WA AR B R R a kSR
Ao SR ER 32 ok ) PI3K/AKt 5 5 38 1 A
1 b TR A0 L R D S Ak 0 o e R 4 A ) R
12280 W 4L HA T s M I /N B ek 2 o AR
Y 7IN SR A B it /0N B 50 R it 2T B P (R R A B
0 1B T (o RN = i A e . B
i G LRRE T B KA S AML AT & A
W, DA 5 1A P ol 40 B O T8, B TE v A
YEE B BURIT AML S P R T EEAEH .

PP 7; HF & 7~ , % ¥ B Al AE 3@ o /E M F
PIK3CA. Aktl. MAP2K1. TP53, RAF1. Bcl-2,
Caspase-9 Fl JUN 540 557397 AML ., PI3K /2 —Ff i
PEAL I 3 (p110) 1R 35 WV 3 (p85) 4 KL Y it 1 5 g
Tk JUL S0 T, 5 T U Akl ZR 145 4, VA5 1 I 4
LR AR BB R T R AR A R A M S i S
P b % 4 8 AR . MAP2KI 3 7k ol 22 24 53
AU B A B O 1(MEK 1), & K B 2L K (Ras)/
Raf/MEK/ 4 7 5 98 5 38 B (ERK) 3 % h ¢ B A
SR M, HAE MR MEK S B 5 2 B, 7E 41 4
Ak VAT R R K A R B DGR VE T . T R BLAE
FE 60% (1 1L 28 35 B MAP2K 1 3 [K 5848 | 1fif {4
AN ST NOESE MAP2K 1 3 PR 28 48 1y i 6 ik S 8
I35 58 5 % S AR A B3 (idelalisib) i 2570, ] £
M, TP53 76 AML 2 ifd 0 34 58 . %% % .DNA B & 55 1)
T o () 0 A A — 32 B R DGR Ak, 3%
1% 5 1 RAF 1 Al iRk MEK % 1, 5 MAP2K 1 {5 5
Gk, NI 51 K& 28R A 0 2R ) sk R . Bel-2,
Caspase-9 /& AML A il i T~ . 04k 5 A W55 ok B vp
{56 HEH 5 2 1, Hop Caspase-9 3% M8 A R 2 1
I 975 40 i o3 Ak 1) A% 0 TR PR Sl TR LI
JUNTE AML £/~ it 4% W AL rp it 2 363k, ZHOU 4517
S EGIE S5 JUN ATAE 3R 97 AML % 9 1 3% 4 B8 A
g bk, DL BB AR O BUA YT AML Y E
BEAEFHEE R X AR T AL g b 2 2 4 22 B8 A AL )
YT D 355 i

KEGG il & 5 70t R W], 75 2 HlGE o 2 i
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S ®RAIGIT AML, 415 PI3K/Akt {5 53l % \MAPK
15 5 0 [ pS3 {5 5 30 5 AN YH T 15 5 I AR X 4t i
HAE AML SR R /B R Rh B ESEN ., K
o R T A T B R A O e O Y, R B O T
0 L5 AML A T 2 R B A e
WFFEIR 97 AML B —A> BT ki 40 i 0
T2 Ib R 40 B T B AR AR, pS3 15 5 3 I E 4% 40 e
Ak JEI 5 R T A BEAR | pS3 AT [ 98 1Y Ras/Raf/
MEK/ERK 18 # , 3 v Ik AML 40 Jitd X & 7= 38 #4146l
A OBy BT ERY . HAN ZED 3k B Bel-2 #0fH F
(Venetoclax) 1 MAPK {5 5 i #% #7 H 5
(cobimetinib) B¢ FH , XJ 11 F AML 41 i \W. 58 ¥4 £ 20
t I3 [ 470 ) 4 B ) A D AR PN S 0 A I S T
00480 390 T I T B AR AML S b RS ARG 1 I /) L
B R 7 40 . PI3K/AKt {5 5 3 % 5 MAPK {5 5
R SR S = BUN e b E e A Ak /oty A
g2 TORE T BN G = A e = 1 R S Ny
454 KEGG il [ & 52 0 B 45 50 I b & ) -8 -3l
%7 2% oy BT a5 R HE I B BUIR YT AML AT g 2
35| Wt & -B-D- N el 7 250 4 1 S 4 IR 3R M e R 41
I 4 45 PI3K F1 MAPK M ¢ 15 538 B A 54 .

GEA TSR, R B EHUTD 398 k3L -
D- T W % B 5 MAP2KI 2 (5 4 K x)
PIK3CA % [ . % E4L % Bel-2 & 45 & et . 40
JHO S 58 45 R B, 3- 05| Wik Kk -B-D- Ik g 4 2 0 L
PRI R BE B ALYy WM S KG1-a 4 i, 1M &
P28 B0 S92 5% A1, 3 W 31| Wik Bk -B-D- ik 1 7 25 B 4T L 5
O R BE R 40 2 0 &K M T 9 MAP2K
PIK3CA #l Bel-2 8 H ) R A K V- A 058 & Bl g
T4 gt 2R E SR A S N0 40 & A R
BH A, JF 51 AML 4 M08 7= B, 4 I 7 25 AR
T 3- 15| e ik -B-D- Lk I 5 25 4 7 7T BE R 42 MAPK {5
S5 B, S IR 2 PRK (E S B L O (S
GRIR B A0 Bel-2 2 1 1 3k, T AML 4
M T o SR, 3-15] W Ik -B-D- Nt e 5 %5 B 1 5 57+ 41
3] 2 4 45 MAP2K 1 5% PI3K 3 % Jf 5 5 AML 4 Jiil
P8 T 1 B AR X A2 2%, LR R AL AT R 58 4
B, PI3K/Akt i@ % Fl MAPK i % 5 AML %90 1Y &
A R RE B )M 6, PIBK/MAPK A 563 B 75 AML i
1 DG A0 b B RO L 53 AML 40 B 5 AE TR
FTH 2554 B4 #F 98 30F 52 Bel-2 7 PI3K/Akt {5
3 I T U R AKON R, R T A 1 O 4 R A
KWL EM B R 2R h T T
MAPK FI PI3K/Akt Bl #% K 175 5 AML 40 il 4 17 .



4528 555 7] HESSEFFFHRE Vol. 28,No. 7
20224F 4 H Chinese Journal of Experimental Traditional Medical Formulae Apr. ,2022
AKHTAR %05 & B % FIHE i % B, 32 2 4y 593-606.
e 755 14 TS T 410 4] PI3K/A Kt % % MAPK 3 i . |- [2] SHALLIS R M, WANG R, DAVIDOFF A, et al.
B8 R TR T R0 B2 4 il (PARP) Caspase-3 EH Epidemiology of acute myeloid leukemia: Recent
progress and enduring challenges [J]. Blood Rev,

By F 3k, TS AML 40 i 8 T2 . ik 4h , YANG
ARSI 2 83 B O 5 A RO A3 BT O i PR
B W oA 2 A 8 A 20 R S 6 e Ay
PSR R BB O MR AT B 5 Akl B &%
Ay, AT A MAPK il % A PISK/Akt i #% |, 3F
T c- % 2 A (C-mye) FE 1 £35S AML
Rl O R | B R e NS o R B D S T
SCHR B — B0, UE ST BCHUA RO 4 AT T MAPK
i [ AN PI3K/Akt 38 % & 51797 AMLAEH .

AHIE S AT T4 R B o B, AR 5T Bk B
I 2 K04 T B AT S ) BT AR L BT AR IR ST A5 SR H
FE— 2 2 48 R T BECIT AML (I ) 4§ AL
il o HR, ABE ST T A T B AR S S5 56
UE, H H 36 AML 40 i KG1-a 40 i #k , J5 2538 1 45
B oY BRI S G UE AT 2 dEFE B E . B 9T R
SN & IR YT AML T /e R — 1l
TAF , AML & A< SR i 76 I PR B2 1M 8 B 1) 4 3
o SR AR AR S S S R T
MAPK i % Fl PI3K/Akt il [, J5 2238 0] 3£ £ p53 15
S VAT IR AR IT o AN, B AR I TR T oY
PR 3-05| W 5L -B-D- N g A A B AT R4 R e R
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TG M7 80 RO IR T R AW IR UE . B
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BLHI, R R R W], EHGE I 2 o 280N
L R IR IF AML BV o 1 78 It i
wh, 3-15] W -B-D- MLk g 7 25 0 1 L S AR 3R CBE R 4L
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H S 4 2 2 0 38 5 R T MAPK 3 5 Fl PI3K/Akt
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