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Mechanism of Forsythia suspensa leaves in treating non-alcoholic fatty liver
disease based on gene expression omnibus database and network
pharmacology analysis

WANG Run-Ze'?, ZHANG Li-Pan'", WANG Jun-Peng', LI Bing',
ZHAO Meng-Yao', ZHANG Ya-Xun'

(1. Henan Commerce Science Institute Co., Ltd., Zhengzhou 450011, China;
2. Institute of Mathematics Hnas, Henan Academy of Sciences, Zhengzhou 450052, China)

ABSTRACT: Objective To analyze the molecular mechanism of active components from Forsythia suspensa
leaves in intervening non-alcoholic fatty liver disease (NAFLD) based on network pharmacology and molecular
The 3 NAFLD datasets (GSE126848, GSE89632, GSE63067) were selected from the

gene expression omnibus (GEO) database. With healthy population as the control group and “NAFLD patients” as the

docking technology. Methods

experimental group, the limma R package was used to screen differentially expressed genes (DEGs). The active
components of Forsythia suspensa leaves were obtained and their targets were predicted. The intersection with DEGs
was taken to obtain potential targets. Gene ontology (GO) and kyoto encyclopedia of genes and genomes (KEGG)
enrichment analyses were performed to explore cell functions and signaling pathways. A protein-protein interaction
(PPI) network was constructed to screen core targets. Molecular docking was conducted via AutoDock Vina, and the
A total of 17

kinds of main active components of Forsythia suspensa leaves, 576 DEGs and 61 intersecting targets were obtained.

molecular interaction mechanism between core targets and components was analyzed online. Results

The core targets included intercellular adhesion molecule 1, insulin-like growth factor 1 , nitric oxide synthase 3,
matrix metalloproteinase 2, efc. The involved signaling pathways included the advanced glycation end
products-receptor for advanced glycation end products (AGE-RAGE) signaling pathway in diabetic complications,
phosphatidylinositol 3-kinase-protein kinase B (PI3K-Akt) signaling pathway, retinol metabolism, ezc. Molecular
docking results showed that key components bound tightly to core targets. Among them, rutin had the lowest binding
affinity with nitric oxide synthase 3 (NOS3) (-10.9 kcal/mol), involving hydrogen bonds, hydrophobic bonds, n-n
stacking and m-cation interactions. Conclusion Forsythia suspensa leaves may interfere with the pathological
process of NAFLD in multiple dimensions by inhibiting hepatic lipid accumulation, alleviating oxidative stress,
reducing chronic inflammation, improving insulin

resistance and delaying hepatic fibrosis through a

multi-component, multi-target and multi-signaling pathway mode. Core active components such as rutin play an

FH1TE

important role in the treatment of NAFLD.

KEY WORDS: Forsythia suspensa leaves; non-alcoholic fatty liver disease; network pharmacology; database
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Table 1 Active components of Forsythia suspensa leaves

TCMSP %i 5 W AR OB/% DL
MOL003305 R 36.40  0.86
MOL003331 HEFABRTT A 3.05 0.6l
MOL003330 AR R 95.04  0.57
MOL004368 BB 8.31 0.77
MOL000415 T 320 0.68
MOL000098 Wit %= 4643 0.28
MOL000263 FEHCRIR 29.02  0.76
MOL000511 RESLIR 16.77  0.75
MOL000522 4B 3445 084
MOL000523 4BETFHIT 8.05 0.44
MOL003871 e 13.61 031
MOL000414 i 2 54.97  0.05
MOL001442 Yy 33.82  0.13
MOL005783 IR C R 50.04  0.01
MOL002693 112 B} -3-O- 25 AT 3.64 073
MOL007930 Ll 1333 0.67
MOL001842 UNIEEN 425 052
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Fig.1 Component target prediction
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Fig.2 Principal component analysis plots before and after batch effect correction
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Table 2 Top 30 differentially expressed genes

TIHIERA log2FC P FIEFENA log2FC P
IGFBP2 —1.726105 8.86x10°'® TMEM41A 0.400034 5.97x10°*

FOS ~1.649265 2.75x10" C3orfl8 0.400365 2.18x1077

EGRI —1.443296 2.68x10°" LAGE3 0.400540 4.01x10°°

P4HAI —1.396443 4.36x1072" RDHI1 0.400655 1.29x10°°
SLITRK3 —1.366230 2.17x107° IF144 0.400687 8.36x107'°

JUNB —1.358136 1.25x107"° ING2 0.400822 1.43x10°"!
IGFBP] —1.345680 5.03x107" CSTB 0.401212 2.20x107"°
GADD45G —1.342205 7.84x107" NRBF?2 0.401242 2.00x10°2

MyYC —1.247321 6.34x107"2 APIS] 0.401321 3.77x107

SOCS?2 —1.150665 6.70x10°" CENPQ 0.401587 4.44x107°
APOLDI —1.054006 2.83x10°° C3orfl4 0.402112 1.46x10°
ADAMTS1 —1.048122 5.71x10"° GZMA 0.402220 1.08x10°°
CEBPD —-0.918371 4.66x107"2 ZNF302 0.402540 1.41x107

TGFB3 ~0.918229 1.95x10°° SYPL2 0.403580 3.43x10°°

THBSI —0.882748 1.21x10°¢ UPF3B 0.403699 5.27x107
EPHA?2 —0.877045 4.77x107"° TRAPPCG6A 0.403999 1.13x107*

RNDI ~0.867734 7.80x10°° REEP4 0.404144 4.67x10°
PNRCI —0.865188 1.45x1077 ITGA6 0.405061 6.90x1077

VILI ~0.860130 6.04x1077 UBLS5 0.405196 4.82x10°°

CISH —0.855448 3.27x107 SCRN2 0.405371 1.31x107*

FPRI —0.834487 3.51x10°% PDEI14 0.405548 1.53x10°°
FAMI074 —0.826318 3.83x107° MAD2LI 0.405591 9.04x107*
GPRC5A4 —0.816562 6.79x10°" KLRBI 0.405956 3.80x107°

GPRSS8 —0.813892 5.53x107 KBTBD3 0.405983 7.86x107°
DIO30S —0.806442 2.66x10°* CD3D 0.406142 5.09x10°°
FOSL?2 —0.785986 6.63x107° RNPC3 0.406418 1.63x1077
KIAA0040 ~0.781505 8.91x1077 SMYD?2 0.406511 7.22x1077

LEPR —0.776479 8.52x107" MICA 0.406836 7.63x107*
RASDI —0.774165 3.74x107* HCN3 0.406839 7.11x10°°
CRISPLD?2 ~0.743506 4.48x107° NRG4 0.407537 1.64x107*

| 23 REHEE S
sl : e 231 Hme RS A E S NAFLD £ F ik F 69 3L e &
. ; ; - 576 I~ NAFLD 2R R EHEFE 5 1221 4~ E 50 54
0 L e e HESIER WS L WA 4.l 5 B W] AE 5 NAFLD
N . 5 I FEUIL 61 ML, (5 3.5%. X 61 AN EH BT
Ué[ 10F oo - 9 B JUTAS 5, SRR FE (I NCBI Gene)3RHU A4 FE N 4H
; ' EEI . . . . v
g | o Lo RERS memmasmsik, BELKN K 19500, HAR =576
E, . . * AR (DEGs 0), RIS PFSH(K): AP HE A H 1221, #F
| . s S Ny
5t - A B A (k) SR AR (ED 61 ), A R
S Y phyperQR A REMER, RICEH =61 1~

_______________________ HIBEZE P=4.005x107°, P<0.05, DLl 61 AZAEHE A Ay H

of ' ' HIFAEBENL, R{sr¥E 45 NAFLD DEGs [ ES HA 41t

log2 FC

K3 ZERIBKIE

Fig.3  Volcano plot of differential expression

M X 61 ANSEP AT E AR K, i B A HE
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PPI 45 A RLAL A3 BT 4G S LI S, P TS AT A% 00 HE
¥ I8 Degree {EK/NG 9l ICAMI | IGF1 . MMP2 ., CD274 .
NOS3. ELOVLG6 . PLAT. SELE. HMOXI . FGFRI . HMOX,
X} 1 ) Degree fE 43 4: 13, 13, 9. 8. 7. 7. 6. 6. 6.

6. 6. AW AH PPLIG LIRS, (KAL) i b
FE 58 DG SHE s AT T 59097 NAFLD, Fig4 Venn diagram

%3 KIE/S FDR
Table 3 Corrected FDR

AR FDR #IE{ B AR FDR & IE{E e E
EPHA2 3.60x107 * RET 2.08x10°7° *
GPRC54 0 * PSENEN 5.08x10° *
PFKFB3 3.60x10°° * DAO 3.87x1077 *
PIMI 4.67x10° * HDACS 1.83x1077 *
HMOXI 4.40x10° * SLC2249 6.48x10°" *
ALDHIA3 5.16x1077 * SELE 6.50x10°° *
PIM3 2.2029%10°° * ELOVL6 9.08x10”" *
ERNI 0 * ALDH341 1.03x10°° *
PCKI 4.45%x10° * PRKCE 3.72x1077 *
CD274 1.51x10* * FABPS 9.86x107° *
IGF1 7.41x107 * TK1 8.00x1077 *
NOS3 1.32x10°® * SRDSA2 1.87x10° *
RGSI6 2.59%x107* * AGPAT? 6.95x107* *
CCRI 1.18x10°* * PDE6D 6.48x10°" *
MAP3K14 8.02x107° * ACE2 1.44x107° *
TGM?2 5.87x10°° * PIR 5.39%x1077 *
SHBG 1.06x10°* * TYMP 1.10x10°° *
MMP?2 1.24x1077 * UGT2B28 1.32x1077 *
SDS 1.66x107° * GCK 1.88x1077 *
SLC23A42 5.14x10°® * CDK5 5.46x10°* *
SRM 8.65%x1077 * MEPIB 8.02x10°° *
FGFRI 0 * SOLE 3.88x1077 *
ICAMI 2.45%10* * PRAPI 3.51x10° *
PTGER?2 3.22x10° * TYMS 1.00x10"° *
CYP2B6 1.15x10™* * PRSS3 4.03x10°® *
PLAT 9.89x10° * UGT243 0 *
S10049 9.86x10° * FADS? 5.16x107 *
DNM1 1.54x107 * FABP4 1.63x1077 *
BCL6 1.25%10°° * LGALS4 1.87x10°® *
B3GATI 8.10x107° * AKRIBI0 2.48x107° *

PTPNI 2.90x107° *

1 #U3 FDR<0.05, HA WFHIEER,
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5 PPI M
Fig.5 Network diagram of PPI
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Table 4 Key components and corresponding targets
T R 44 R Degree U Degree iR AN|
MOLO005783 (N ik ¥ 2. ig) 42.0 PTPNI 17.0 T
MOLO000263(FFEUILR) 35.0 PIMI 16.0 T
MOLO000511(FERER) 34.0 PCKI 16.0 T
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