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Construction of competitive endogenous RNA network in diabetic nephropathy
and prediction of potential Chinese medicine

AN Qi, YANG Yu-feng, SHI Yan
Liaoning University of Traditional Chinese Medicine, Shenyang 110847, China

Abstract: Objective To construct a competing endogenous RNA (ceRNA) network for diabetic nephropathy (DN) based on
bioinformatics, and predict the potential effective traditional Chinese medicine for treating DN. Methods The GEO database and R
language were used to obtain differentially expressed IncRNA (DEIncRNA) and differentially expressed mRNA (DEmRNA), respectively.
The regulates relationship between “DEIncRNa-microRNA (miRNA)” and “miRNA-DEmRNA” was integrated with miRcode, TargetScan,
miRTarBase and miRDB databases. Cytoscape 3.7.2 software was used to construct the ceRNA regulatory network. Metascape platform was
used to analyze the ceRNA regulatory network mainly involved in biological processes and signaling pathways. Key genes were obtained
by String database and Cytoscape 3.7.2 software, and it was mapped into Coremine Medical database to predict the potential traditional
Chinese medicine (TCM) in the treatment of DN. The core components and corresponding targets of TCM were collated and predicted
through TCMSP, PubChem, UniProt and SwissTargetPrediction database combined with literature collection. The “TCM-active ingredient-
target gene” network was constructed, and AutoDockTools and PyMOL were used for molecular docking of main active ingredient and key
gene. Results The ceRNA network consisting of nine IncRNA, 33 miRNA and 106 mRNA was finally obtained, which mainly involved
in biological processes such as platelet-derived growth factor receptor signaling pathway, mitogen activated protein kinases (MAPK) cascade,

response to estradiol and phosphatidylinositol-3-hydroxykinase (PI3K)/ protein kinase B (Akt), p53, vascular endothelial growth factor
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(VEGF) and other signaling pathways. The prediction results of TCM showed that many TCMs such as Leigongteng (Tripterygium wilfordii),

Tenghuang (Garcinia hanbury), Huangqi (4stragali Radix) and Sanqi (Notoginseng Radix et Rhizoma) were closely related to DN, and the

main active ingredients, including quercetin, morellic acid, isomorellic acid, kaempferol and gambogellic acid, had good affinity with key

genes. Conclusion The construction of ceRNA regulatory network is helpful to further understand the pathogenesis of DN, and it is

predicted that TCM may become a potential drug source for treating DN.
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GO:0048008: platelet-derived growth factor receptor signaling pathway
GO:0000165: MAPK cascade
G0:0043549: regulation of kinase activity

| G0:0060322: head development

| GO0:0045596: negative regulation of cell differentiation

| GO:0051301: cell division

| G0:0032355: response to estradiol

] G0:0048732: gland development

| GO0:0001568: blood vessel development

| GO0:0097190: apoptotic signaling pathway

| GO0:0060627: regulation of vesicle-mediated transport

] GO:1901991: negative regulation of mitotic cell cycle phase transition
| G0:0043550: regulation of lipid kinase activity

] G0:0032870: cellular response to hormone stimulus

] GO0:0030036: actin cytoskeleton organization

] GO0:0014706: striated muscle tissue development

| GO:0048511: rhythmic process

] G0:0009792: embryo development ending in birth or egg hatching
| G0:0016032: viral process

] GO:0031958:corticosteroid receptor signaling pathway

B8 GOXE¥SIEEENT

Fig. 8 Enrichment analysis of GO biological processes

5 ko04151: PI3K-Akt signaling pathway
ko04550: signaling pathways regulating pluripotency of stem cells
] hsa05161: hepatitis B
| ko05219: bladder cancer
| hsa 05212: pancreatic cancer
] hsa 04360: axon guidance
| ko05222: small cell lung cancer
hsa05418: fluid shear stress and atherosclerosis
ko04144: endocytosis
ko04115: p53 signaling pathway
hsa 04370: VEGF signaling pathway
ko04666: Fc gamma R-mediated phagocytosis

B9 KEGG BEEESH
Fig. 9 Enrichment analysis of KEGG pathway
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PubChem. SwissTargetPrediction i 3K BT W
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Table 2 Prediction results of traditional Chinese medicine

(frequency > 3)
iz HH BRIR
HARE  EZH2.JAKI .MYC.MAPKS8 .MAPKI.VEGFA

6
iy VEGFA PTENJAKI.MAPKS.MYC.MAPKI 6
B JAKI. JAK2. NCOR2. MAPKI. VEGFA 5
=t PTEN. MAPKS. MAPKI. RBI. VEGFA 5
g CCND2. MAPKI. MYC. VEGFA 4

4

4

AieFt  JAKI. JAK2. MYC. VEGFA
HfEle  MAPKI. VEGFA. MAPKS8. JAK2
G
52K PTEN. MYC. RBI. MAPKS 4
(quercetin) BEEEE (morellic acid). 5B &

(isomorellic acid)+ 11125 (kaempferol ) gambogellic
acid, 7rAlSHEAAHET 5 BIOCBREEE MYC (—2KixiE
IR ). VEGFA. zeste R RYIMEsRF 2
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HL1 and HL2 were the common components of Astragali Radix and T. wilfordii; LS1 and LS2 were the common components of 7. wilfordii and

Notoginseng Radix et Rhizoma; HS were the common components of Astragali Radix and Notoginseng Radix et Rhizoma
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Fig. 10 “Traditional Chinese medicine-active ingredient-target gene” network
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AR BRI I B R B 5K /) 21 H 754 (phosphatase
and tensin homolog deleted on chromosome ten,

PTEN)MAPKI #4775y 70 # I A S REGR 3),
Foik 58 B2 R bag, 58K, A8a
fit<-4.25 kcal/mol (1kcal=4.2kI), TR SHE
2R B S G5 456 H8<-5.0kcal/mol, KR
“HEA RIFRRNT, 454 HE<-7.0 keal/mol, &
AN BAREINIRAN T, AW TR R R
INEE A REY) <-7.0 keal/mol, it BHVE P Rl 43 5 B
RLEAT s ZURHNE M, B — D 3R 25 T 45 SR 1
AEEYE, B PyMoL MR 4 & RERARATAT 5 41
PG R, JF R G5 G I AE B AR IE R A B

MERES (B 11D,
3 iTie

ceRNA W48 & —Ff 437 L 5 Jiows o4 %) 5 B
R, AN IncRNA ]38 L 37 4 % b
miRNA [ B 7oA R0 miRNA % mRNA (15
] A4 07, ceRNA W 45 (1) 46 tH g “ i (o 2 i 2k
A BB R A i A e R IEAEH Y X — (& G0
o AENIETIE L, B A TN 4 R A A 1
AJ AT I 1% T E RS br S8 5 VR T B AR R 0Ol
R L Sy 28N, 2% A, 75 DN 1)
w7 EREATEZAT R, Bk, BT ceRNA M5
FE+7 48 DN W& 1E 1A 2J0h 25444 58 DN 2R 124
()77 1A o

®3 BEERSSXRBEERS FIEHESEE

Table 3 Binding energy of active ingredients and key gene molecules

P ZEAfE/(keal-mol ™)
MYC VEGFA EZH? PTEN MAPKI
i e -8.2 -7.3 -7.3 -7.6 -73
TR -8.1 -7.9 -8.5 -10.2 -73
TR -8.7 -8.4 -8.8 -10.0 -8.0
Ll 251 -7.9 -7.2 -8.0 -7.6 -7.0
gambogellic acid -9.0 =7.7 -7.8 -9.7 -7.0
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gambogellic acid 5 MYC
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9 4> IncRNA. 33 > miRNA. 106 /> mRNA Fr£H g
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444 P5 (HLA complex P5, HCP5) it /5 miR-
93-5p/FEIE BRI A2 (highmobility group A2,
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(mammalian target of rapamycin, mTOR) 155,
TENER RBEGH I GG AR A AN RE
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193a-3p ik B, 5REAKFLEIEMER, 55/
BRIEL R A 2HA5E, H miR-193a-3p miRIAN
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23b-3ptS. miR-17-5pl16], miR-206017Jy tfv s #) i
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YA RRRE . AR R 20 T BUR BRI RIS,
B /N b 7 -T8] i %% 46 (epithelial-mesenchymal
transition, EMT) /& 5| #2 B /INE 8] T £F A IE O
FRATR0, ERRIRAS N, EZH2 iRk S8 b i 4s

FEERYE EZH2

B 11 SEEESIKRYET S A EE R E
Fig. 11 Visualization of docking results of first five groups with lowest binding energy

FEAZER o FEIWE)E A LU E BT
JREE R HE IR, MRt EMT BEFERY,

GO EHEL TR, ceRNA M4 3 Zi@ it
M NRAT A AR T2 AR5 5 E . MAPK 27K
XPME I R N AE RS 5 DN RS R IE. it
FoR I ML /NAT AR AR A BT T 52 A4 - B ik BT ) sk 2 W]
2 PR DN /MR IR B B /WLEHE, IR 8-
¥ 5 A 9 1 (8-hydroxy-deoxyguanosine , 8-
OHAG )+ A It Ji Jige 2 v — A% 1 R B PR S8 AL g 4
( nicotinamide adenine dinucleotide phosphate
oxidase4 , NOX4) . # it H kil H LW g 1
( glutathione peroxidasel, GPX1). %t &AL B4k
(manganese-superoxide dismutase, Mn-SOD) [f]
ik, TR BT N R R T R 22
MAPK @2 224 R 5 (jun kinase,
INKD. A 4ME 5 8 153 (extracellular signal-
regulated kinase, ERK). p38 MAPK %515 5 i 4 13
5 DN fFE XA, Hrb p38 MAPK [/ 7t it
HNJIZ . p38 MAPK 5 5 AT T il & AE4H I, N
RS S BRI L BRL 7 BTG, T A PR SR e
A BUE p38 MAPK 155, P ANEVEIG3S, INEE DN
BRI, 16Ak, p38 MAPK {5 5 iE 1k X
A i R AH AT A A R AR A SR R A 124250
BEX 201t DN B3 BA G EHL, HnT i) i IR &
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Ha R, R BEERSREEA®E (matrix
metalloproteinase, MMP) HIG i, I8 B /INE 8] 5T
LA DL /N ERBAL, [ B) 3 T] PRAEG IS BRIk 3R
AN B2 R A R, AR HE NO BRI, i) B 1
EIIAE, 2B NO FIJEE X B i 4 £ 261,

KEGG &I~ ceRNA 4% /45 - 2
it PI3K-Akt. p53. VEGF %%{5 5@ 25 DN Ik
5K PBK-Akt {5 58K E S 5AMEHE. £
KANEE B 2@ R, PIBK A A 2% I AR 46 R
T, B Yo Il AR BEULEE — B8 ( phosphatidy-
linositol diphosphate, PIP2) #ER{LAE F 4 A% PIP3,
BEMEOE Akt, Akt 5465 TS [ IR R 1
mTOR. SCGLHEE [ O1 (forkhead box protein O1,
FoxO1). K F-«B (nuclear factor-kB, NF-kB)-
B R A BB 3B (glycogen synthase kinase-3p,
GSK-3B). #i%j Mz A 4 (glucose transporter 4,
GLUT-4) ZFMKIE, AW SHERER. HT. &
fE HEARACH B, HEZ) DN Byt g8, ps3 2
BRI SR 1, 7E 175 5 20 PR ) 39 4 v B 1 S 4
Ptk S A B OAE R . BV B TIESE ps3 13
ST RS S AR TS B R 2030,
FEVE, VEGF J: 21 2 40/l 73k, VEGF &Ik
SR AT P G R I TR P R N R E I e, (R iR
FRR =AY, #ke) K 2B I VEGF BE% DN i
15 )k R AW T &, 5 IR IE &R A K 2 1EAE
Ko AH AW TC R I 2455 3 N K B R,
VEGF FRIXHIAG P R0, eI H R KA fe 2 T8
DineeEmantn, RMpERKEERL, FE VEGF &
FCEIRD TR, RO I VEGF 7K 22406 7F
fiti DN 45 £ 1 52 5 A B e (1330,

M PR BJG DN X i 44, ED0 HAH OCH A
HEAIE, W CGEPFED) Bl “YHERA, B
205, BEK, BAREE, ARE, JTEAR,
RENZK o AR I ACRE DR FLV & Dy “ i B
CEYH” CNIE” V. DN RHLE 2, IR 2
P, BRZON H L&A AE . HF#E AN DN A%
Y RE, Iz iEETEd A, FG0, TR
REAR:  RENWSRIMEBGSAT R ), RIBR AT, &
MAE, HARSTALR R, RAFEE. K. #
P B S EE DR Z A LIRSS T EUW , “ AR AR R
ST RATRIRHURE B IR FYR T LA 28
B BRSO T TR A O
R AR, EE. HE. =t ®E5%ET L

BITIENE, IRAEAER R, X R
Pra . Priadl. PUATZIERBS, Wu ZFHK
A TR RU07 TR A ik 2 H s ] RN R E
Wik 410 32 A 8 (Rl F-RA, I R p38 MAPK.
NF-«B i #% 3 ¥, k> % 4 K B 7 Bl
(transforming growth factor-B1, TGF-B1) ZE%, M
TS B H 2R B 40 DL N BRAEAY . SR 2
PR R B T AR IR Rl 2 5 X DN
FNRITVER, B SRR A T RO A R O
F U F PG T 6 (activating transcription factor
6, ATF6). & ¥ R £ N 5T M (protein kinase
R like endoplasmic reticulum kinase, PERK). JJLEZ /&
#ilF 1o (inositol-requiring enzyme 1o, IREla) %5[1)
A, AEFFN T DI RERSAS, AEZE DN BERE: HIR,
n] #fl #] TGF-B1/Smad ( small mothers against
decapentaplegic) J# ¥, % MMP X jEH: H R IE,
TR 5 ML 110 164 5 DA K 200 B 0 o e i HE AR, 1K
HEHLRA LM Bk, ATEI SO R B2 AHK
[Al¥ 2 (nuclear factor E2-related factor 2, Nrf2) /4
AR ufF (anti-oxidant response element, ARE)
R, $0i NF-«xB. 8 A BE I F-o (tumor necrosis
factor-a, TNF-o). HAZAHMIE N EH-1 (monocyte
chemoattractant proteins-1, MCP-1) &gk, Jli'H
R T 5 RAE RN fefa, ARk A e
R 18 58 W) 3G 2 A&y (peroxisome proliferators-
activated receptors, PPARy) M CCAAT/AE 581454
# H o (CCAAT/enhancer binding proteina, C/EBPa.)
(R, BG5S 2 B, PR RE IR AU Z AL,
0 R I = A R R S Nref2/1f 41
=N EE-1 (heme oxygenase-1, HO-1) {55 iHEK
] 28 0 5 S8 A SIS S, R4 4 1) 2H 2 kS 3 R
FAERH . REFWSIEIE X H A i miR-141 10
ety BRAE BT A7 1 Csilent information
regulator 1, SIRT1) Kik, ML = HES 0 E
/NER Z AR T PSS R BoR kR 5 DN 177
BWBR, (HHAMARARRE, Fik, H7%F5
St — DI .

Zi b, AW IEI YD DN W 1E ceRNA [
“%, F'H I DN IR FC A2, 05 2L 1) 5Ll
HlGRB A EE. Beah, AR IARE AR
Sfgh AL G, DU TR RIZKSF 10 1 FEAZ 90
H 2 TR E D) R

FIBAR PIAVEHEHFAREEARZFR
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