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Bioinformatics analysis of molecular mechanism of postmenopausal osteoporosis with kidney-yin
deficiency and targeting of Rehmanniae
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Abstract: Objective To explore the pathological mechanism of postmenopausal osteoporosis of kidney-yin deficiency and the
therapeutic target of Rehmanniae by bio-information data analysis. Methods The differentially expressed genes in postmenopausal
osteoporosis patients with yin deficiency were analysed in GEO database. GeneCards and OMIM database were used to predict
osteoporosis-related genes, and R software was used to map a Venn diagram of yin deficiency and osteoporosis matching. Use the
String database online platform for protein interaction network construction. Molecular docking predicts the targets of Rehmanniae in
the treatment of osteoporosis of yin deficiency. Use the DAVID database to annotate biological processes and pathways. Results
Through analysis, 1272 differentially expressed genes, 662 osteoporosis related targets, and 45 yin deficiency osteoporosis related
targets were obtained, mainly involving biological processes such as apoptosis regulation, estrogen response, and skeletal system
development. It was regulated by PI3K-Akt, Wnt signaling pathway, MAPK signaling pathway, Ovarian steroidogenesis and some
other signaling pathways. The two active ingredients of Rehmanniae could act on the hub proteins IGF1, VEGFA, etc. Conclusion
Rehmanniae can target hub proteins such as IGF1 and VEGFA, regulate the apoptosis and estrogen response via PI3K-Akt, MAPK
signaling pathway and some other signaling pathways, so as to achieve the effect of preventing and treating yin deficiency osteoporosis.
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Fig.1 Scheme design drawing
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Chinese medicine system pharmacology,
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Fig.2 Volcano diagram of differentially expressed genes
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Table 1 Protein coding information

%5 2k EfE PBD %4 5
1 1G#1 19 6RVA
2 VEGFA 17 IMKG
3 ADIPOQ 11 6U66
4 APOB 1 3VM8
5 CCND1 11 2W9K
6 IL2 11 4NE]
7 4 11 2B8Y.
8 GPT 9 4TRC
9 ESR2 8 2KSZ
10 BMP15 7 6BTN

2.4 BAHWETE R S A

TR O 395 AR AR A B R A 2 B, 3 B
A 85 B (sitosterol ) . & § Bi5 ( stigmasterol ) , ZINC £ 45
JEARBLPIE ) 3D S5t DL 5,
2.5 b

& PDB 4R b AR 10 M ELERB— Y5
PAS /N g3 1 BE AT X 4R, & AR i sitosterol |
stigmasterol XJ 52 il I 19 73 5 A 9 Fh 10 F, &5 3R WL
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Fig.4 Network of PPI

2% 2; sitosterol 5 APOB &5 S e & N - 7.53
kJ/mol, 35-BE % T2 il & 4, WL & 5a, stigmasterol 5
CCNDI1 45 & e fe s N —6. 44 kJ/mol I UL Hr S5

L 5b,
x2 WEHR
Table 2 Docking results of some proteins vs ingredients
%) B kJ/mol
e A J AR ( @0 )
sitosterol stigmasterol
IGF1 -5.53 -5.19
VECFA -6.1 -5.42
ADIPOQ -6.35 -5.93
APOB -7.53 -5.78
¥ :a N sitosterol ( ZINC4095717) ;b & stigmasterol ( ZINC4096712) ,, CCND1 =5.95 6.4
L2 -5.11 -6.20
B 5 25400 3D &k

BS99 3D Lty IL4 -5.82 -5.37
Fig.5 3D structure of active ingredients GPT ~6.51 _5. 61
ESR2 -4.52 -5.88

BMP15 -5.17 -5.72
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Fig.6  Docking results with the highest binding energy

of ingredients
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B R R PMOP H: R 3 A 3| DAVID 4
HITTELBE 4T, GO EE WK 6,45
¥y 73 72 (biological process, GO-BP) & 5 & 8% L

®3 KEGGHER{ELLR
Table 3 Results of KEGG pathway enrichment

it GO

RGRE MEBCRIE A T AR A
2H 43 ( cellular component, GO-CC ) A 41 g 4 3 i . N
1 N 7 e S s e el - R Sl i S S i i ¥ 2
(molecular function, GO-MF ) it 5% 1 7% M | ic 5% 44 45
B VAEKHFRZARE G5, KEGC @K £ LR 3,
w AR A BN L 2 I B AR I, Wnt (R 5l B
PI3K-Akt Jak-STAT &5 i@ % .

3 itig

BRI S (GSES6116) 46 3Pk L& A
10 MBS0 R MR FEAS , Hoh g 4 24 B i AL 4
5 LA I FB A MR AE A, 3 A FH R B (R 9H
AGIHT) 3 AR I AR . LA B S [ 3R
ik Xt R 44T BH R A 4 22 05 R AL RE BB A IR
FAZFRBEN IR ERERBNERT
0B A AH DG R DA A7 i S DG T, 2% SR AT ek 2 1
%R PMOP A8 56 At #1 5 [A], 3 oo o 0 5 B840, 43
i BH A PMOP )95 BEAL )

PPI & (A B E M 4 i 7~ , IGF1 . VEGFA i 7% 4
FEAE S &, T 4 gl i, B 2 OP & /F
ML A DGR L I e VR 3 7 28 4t B 0 o AR O Y
FRMMN FEEAYF LR, XS BREER PIBK/
Akt {5538 B \MAPK {55 38 B% . Jak-STAT {5 5 i %
FRT . IGFI(RS EFEAEKET 1) & PI3K/Akt

D 18 #% P{a H (K
hsa04913 Ovarian steroidogenesis 7. 62E-09 BMP15,CYP11A1,CYP17AL,IGF1,LHCGR ,PRKACG |STAR
hsa04151 PI3K-Akt signaling pathway 7.59E-05 CCND1,COL4A5,FGF8,IGF1,IL2,1L4 ,LAMA3, VEGFA
hsa04934 Cushing’ s syndrome 7. 59E-05 CCND1,CYP11A1,CYP17A1,PRKACG,STAR,WNTI16
hsa04927 Cortisol synthesis and secretion 0. 00048 CYP11A1,CYP17A1,PRKACG,STAR
hsa01522 Endocrine resistance 0.0014 CCND1,ESR2,ICKF1,PRKACG
hsa04933 igfetiA:)i;ir;‘ﬂii pathway in 0. 0014 CCND1,COL4AS ,SELE, VEGFA
hsa04152 AMPK signaling pathway 0. 002 ADIPOQ,CCND1,CFTR,IGF1
hsa04115 p53 signaling pathway 0. 005 CCND1,I1CK1,1GFBP3
hsa04211 Longevity regulating pathway 0. 0094 ADIPOQ,IGF1,PRKACG
hsa04658 Th1 and Th2 cell differentiation 0. 0094 HLA-DQA1,IL2,IL4
hsa04974 Protein digestion and absorption 0. 0094 COLIOAL,COL4A5,DPP4
hsa04659 Th17 cell differentiation 0.0112 HLA-DQAL1,IL2,114
hsa04014 Ras signaling pathway 0.0117 FGF8,IGF1,PRKACG,VEGFA
hsa04060 Cytokine-cytokine receptor interaction 0.017 IL2,IL4 , TNFRSF11B,VEGFA
hsa04310 Wnt signaling pathway 0. 0204 CCND1,PRKACG,WNT16
hsa04010 MAPK signaling pathway 0. 0205 FGF8,IGF1,PRKACG,VEGFA
hsa04630 Jak-STAT signaling pathway 0. 0245 CCND1,1.2,114
hsa04015 Rapl signaling pathway 0. 0392 FGF8,IGF1,VEGFA
hsa05323 Rheumatoid arthritis 0. 0483 HLA-DQA1,VEGFA
hsa04917 Prolaclin signaling pathway 0. 00058 CCND1,CYP17A1,ESR2,LHCGR
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Fig.7 Results of GO enrichment
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