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Systems Pharmacology-based Analysis of Anti-tumor Mechanism of Houttuynia cordata

ZHANG Yuru', TIAN Xuping', ZHAO Zezhou', XIAO Wei*’, WANG Yonghua"
(1. Shihezi University, Shihezi 832000, China;
2. Jiangsu Kanion Pharmaceutical Co. Ltd. , Lianyungang 222000, China)

[Abstract] Objective: To explore the effective components, targets, and mechanism of Houttuynia
cordata against lung cancer by means of systems pharmacology and further to provide a reference for the further
development and clinical application of this medicinal. Method: Chemical components of H. cordata were
retrieved from Traditional Chinese Medicine Systems Pharmacology Database and Analysis Platform (TCMSP)
and the active components were screened based on oral bioavailability (OB) and drug-likeness (DL). Then the
potential targets were predicted, followed by enrichment analysis. Finally, sodium houttuyfonate (SH) was
selected for verifying the anti-tumor mechanism. Cell counting kit-8 (CCK-8) assay was used to evaluate the
effect of SH on the in vitro proliferation of two lung cancer cell lines: A549 and LLC, and the regulation of
tumor-related proteins by SH was verified by Western blot. Result: A total of 7 active compounds and 352
targets of the active components were screened out. According to the enrichment analysis of targets, H. cordata

had potential therapeutic effects on cancer. SH had inhibitory effect on both A549 and LLC. Western blot results
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showed that G,/S-specific Cyclin D,, E, and cyclin-dependent kinase (CDK )2, CDK4 all tended to be down-
regulated, and Janus kinase 2 (JAK2)/signal transducer and activator of transcription 3 (STAT3) also changed

significantly. Conclusion: H. cordata has the potential anti-tumor effects by arresting the tumor cells in the G,

phase through the JAK2/STAT3 pathway.
[Keywords]
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JE B SH AT B AL B LLC 5 AS49 4 il 24 h )5, BE & 24
Py BE I 3G 0, 48 R0 TR 0 R [ S VR AR
WO o I B3 AR SH X A549 F LLC Y
IC,, 43 % 4 133.4 wmol-L" 1 163.1 wmol-L", 5455
F2H P, SH 4 40 Jf A7 3% 22 W 3 F B (P<0.01) .
1,

#1 SHY AS49F01 LLC RIS I (x+s,n=3)

Table 1  Effect of SH on proliferation of A549 and LLC cells
(x+s,n=3) %
419 W E/wmol - L ASAOAIIAATE R LLC 476 %

2 A 100.00+£0.00 100.00+£0.00

SH 41 25 99.82+1.13 99.69+0.70

50 92.71+0.97 95.58+0.70

75 86.22+0.63" 93.30+1.26

100 73.09+1.16" 75.93+1.40"

125 45.02+0.72" 70.26+1.15"

150 35.32+0.55" 62.73+0.78"

175 32.50+0.57" 54.33+0.67"

200 28.71+0.48" 34.49+0.57"

225 22.30+1.08" 23.47+0.99"

250 17.95+0.83" 18.90+0.43"

W H A HA R Y P<0.01

2.2.2  SH#45 JAK2/STAT3 18 I 5% i 94 410 o 1 5
Z A AT TR 25 AR R, JAK2 FI STAT3 Jy fa
JUE R 5 PRI, 38 5 Western blot 5 iF SH & 15 J&:
38 3 PR 5 JAK2/STAT3 {5 538 6 17 A #5 09 Bit i 9 4R
M. RER, 23 SHAHG, 55 A4 i,
A549 41 il b JAK2 5 p-STAT3 £ ik & & &I (P<
0.01) ; LLC 40 i tf JAK2 5 STAT3 s i & T 8 (P<
0.01), UWLIEl 1.3 2.3 3, ULt B SH fE 4% 3 T 14
2 JAK2/STAT3 {5 538 % 2 1111 & #2 5t eg 15 H -
2.2.3 SHPHW A G MM ©A s &)
STAT3 {3475 fE 1% U8 15 Cyclin D, %5 — R 41 [A] 11252
M) 2235, 2.2.2 25 L 4E B SH A] LR I8 g 9 STAT3
8¢ p-STAT3, M IV AR 58 7F JAK2/STAT3 5 = 38 B 41
il 7 iR T PR B LTI Ui ) AR OC B R A
AT R, TH AR PR AR R AS49 5
LLC, 575 (41 th e, SH AL B S B9 40 i vf P21 & 3%
18 (P<0.01) , [A] B} Cyclin D,/CDK4 /% Cyclin E,/
COK2Hi EWE A REIZEREFN T M BHE(P<
0.01), WK 2. F4MFES, M T Cyclin D,/CDK4 }
Cyclin E,/CDK2 & & ¥ 4 ¥ 41 f J&8 W N G, 391 i
2SI, Ui W SH 25 9 4b ¥R J5 , M N JAK2/STAT3 {5
53 [ O R LK Ik JE 4 e ) F G BH T
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A B C D
TE:A.AS49 4 ; B. LLC AL (151 4[] )
1 BhfEE4 B JAK-STAT B B Rk B ik
Fig. 1 Electrophoresis of JAK-STAT protein expression in lung

cancer cells

®2 SHI AS49 G M JAK STAT EARIEFM (ts,n=3)
Table 2 Effect of SH on JAK, STAT proteins expression in A549

(x+s,n=3)

415 RIE JAK2 STAT3 p-STAT3
ZH 7y

/pmol-L"  /GAPDH /GAPDH /GAPDH
2= HY 0.878+0.022  0.958+£0.017  0.885+0.017
SH41 50 0.906+0.007  0.937+£0.007  0.8670.012

100 0.875+0.008  0.967+0.009 0.814+0.009

200 0.677+0.008"  0.949+0.012  0.628+0.014"

52 HAL RV P<0.01(£ 3-% 5[

%3 SHY LLCHiAEH JAK.STAT ZEERIEHM (F+s5,n=3)
Table 3 Effect of SH on JAK, STAT proteins expression in LLC

(x+s,n=3)

g1 e iz JAK2 STAT3 p-STAT3

/wmol- L /GAPDH /GAPDH /GAPDH

2 H4 0.863+£0.022  0.840+0.043  0.538+0.01
SH 50 0.960+0.013  0.977+0.043  0.825+0.017
100 0.818+0.009 1.004+0.016  0.887+0.009
200 0.330+0.015" 0.462+0.013" 0.430+0.013

k20 FE S 144 BRIk B4 R A .
3 itig

T AR JIE B KO R TE B AE T L T HAE
Fe Mk DL K ME IR P A 45 98 E 1Y B T R A A AR
Tho DEH R EA b e R e R,
H & BLHI 5 A, 45 il 8 3R 97 28 A5 AR Y BT 5 b
2540 M © Rk E R R RE B AT R BN Bk



508 %45 14 1] FEXEAFIFERE Vol. 28, No. 14
202247 H Chinese Journal of Experimental Traditional Medical Formulae Jul. ,2022
P2 0, PR 16 B 0 1 B A b9 R H .
RGP R — T B T B L R b
CrinE, D DD S 0. R T 7K SF- 25 9 % B 30 B 3 00 7 24 22 50 %
CDK2 - - 24 kDa 75 B R T N T AR 25 3 B 2% 5 0 i ML R A 5T,
A4 WREPE. iy I P I A A R 7 AL R A AR AE &
CylinD, N N S . 34 10: UM A HL BT S e A B 5T b, B S R
CDkd NS GND SN W= 0. TCMSP %4 5 FSCHR 32 418 07 356 7 A~ 468 3% 3% 14 1
O3 s A5 352 A ek #S, JE X L 24T T GOBP 5
GAPDH WS SN e o

oy PR o

SN B B s 48KkD2

Cyclin E;
CDK2 @l @* Sl & » 34kDa
LLC
CyclinD, "W S SN e 341D,
34 kDa

COKE . R W

GAPDH " " e S 36 kDa

A B C D
B2 FiEAmEREXERRERK
Fig.2 Electrophoresis of cycle related proteins in lung cancer cells
VL PEFE T, A 28, AU R T T AR
R Ad HIH B A T, TR T Se i A R AT
PR IR B I i I R A L L L RS
DL, B Ry A WA 5 R BE A R Y Ak
o B PR AR G R B R X
909 LA O T R R R R 4 o 45 M
M3 B> . A BIE 5 45 B R, B RS R R 43 SH
3 3ok 5 W R 240 Y S0 e A 410 S i e 4 e f) 2 5

F*4 SHITAS4IMFPEAHEXEAREZMGts,n=3)

KEGG & 847, & B — Se il 5 ] LA % V)86 & H
A R A L, 40 4% JAK2, STAT3 Fil Cyclin D, % .
R T RS AR R B bR A LR 328 B A R R T
PE 4> SH ME 17 5 42 50 UF , CCK-8 SE 55 45 - % W] SH
Il 410 1) 9 A0 6 7 385 5 5 59 AT R 9Y R B, JAK 2/STAT3
I TE 20 M R A S AR s b R AR, AR R
5 Z B g R A A DG B EE RE A S5 B AEST T
B} 36 T 0B % 38 B L R LR de A R ) B
M4 Western blot 3256 45 & B, SH Al L] JAK 2/
STAT3 i #% 1 JAK2 H1 STAT3 %K [ &35 , £ ] SH
JEIE 2 JAK2/STAT3 3 [ & #E f b gd /5 i 92
7N, STAT3 J2 A 41 Jili 95 75 PN 1) 22 oo 3 4 i Jgs 42 5 L
il o ) — %0 AR S, JF B SH RE 4 | STAT3 3
5 AT 348 568 = /0N 406 i s 40 B %) Y R
AR RN RV SHA UAER T
STAT3 & #4470 I8 5 5 440 i ] 0 2k e 2 ey 4 i )
1145 11 .CDKs Al CDK )1 il 57 (CDKI) 3 5] 9 % 11
P21 & 5 % /Y CDKI, fig % 45 & Jf #0 il Cyclin/CDK
AW, T A ) 20 i 5 Western blot 45 3 g
/N, SH g% [ P21 ) %35, 3F H N Cyclin D,/
CDK4 ¥ Cyclin E,/CDK2 )53k , % B SH fiE 0% 15 98

Table 4 Effect of SH on cycle related proteins expression in A549(x+s,n=3)

41 51 ¥ B /wmol - L7 P21/GAPDH Cyclin D,/GAPDH CDK4/GAPDH Cyclin E,/GAPDH CDK2/GAPDH
K 0.515+0.005 0.828+0.012 0.869=0.012 1.179+0.028 0.875+0.010
SH 4 50 0.803+0.003 0.781+0.017 0.897+0.052 0.933+0.006 0.920+0.013

100 0.927£0.016 0.827+0.015 0.8730.014 0.954+0.011 0.820+0.016
200 0.959+0.014" 0.634+0.017" 0.674+0.017" 0.715+0.007" 0.356+0.013"
£5 SHY LLCHAM T JAK/STAT & B R iEH M (i+s,n=3)
Table 5 Effect of SH on JAK/STAT proteins expression in LLC (x+s,n=3)

4151 W /wmol - L P21/GAPDH Cyclin D,/GAPDH CDK4/GAPDH Cyclin E,/GAPDH CDK2/GAPDH
25 4l 0.223+0.016 0.728+0.019 0.739+0.050 0.682+0.032 0.713+0.007
SHZ 50 0.656+0.008 0.808+0.008 0.988+0.012 0.867+0.009 0.523+0.015

100 0.936+0.026 0.887+0.006 0.898+0.013 0.872+0.024 0.668+0.012
200 0.892+0.006" 0.411+0.007" 0.360+0.014" 0.351+0.016" 0.257+0.003"
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B3 SHZEEFMEERIER
Fig.3 Pathway of SH on anti-tumor
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