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Abstract

This study aims to investigate the potential mechanism of total flavonoids from Eucommia ulmoides
(TFE) in the treatment of polycystic ovary syndrome (PCOS) using bioinformatics and molecular
docking approaches. Researchers first retrieved PCOS-related transcriptomic datasets (GSE277906)
from the GEO database and screened differentially expressed genes (DEGs). Subsequently, GO func-
tional annotation and KEGG pathway enrichment analyses were performed on the DEGs, followed
by the construction of a protein-protein interaction (PPI) network. Based on PPI network analysis,
three core target genes—PECAM1, CD5, and KLRB1—were identified. Finally, molecular docking
was employed to validate the binding affinity between TFE and these three key target proteins. The
results suggest that TFE may exert multi-target synergistic effects in treating PCOS by modulating
signaling pathways associated with immune inflammation (e.g., leukocyte adhesion and migration)
and metabolism (e.g., insulin resistance and steroid hormone biosynthesis), primarily acting on
core targets including PECAM1, CD5, and KLRB1.
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1. 518

% FE P L2745 1E (Polycystic Ovary Syndrome, PCOS) /2 ™ 5 [F Pt & & 1 2 14 (1 5 2% N 49 36 B AR i 25 6L
PR[1]e HRR IR A IAR, AL BN A%, HOCHEF C o IR B R SUS  EE7 1) AT
PR A 215N, FRTE 12~40 B 1Lk, PCOS IR RLAN 10%, HEIZFE LT, [, &
Wit AR BRI 2 — . AR RRY, B LIRDAEFH . T i - Sk - 5P EH(HPO Hil)
VA5 g i DL KR B B AP 2 IR, 7E PCOS 1R A 5 i i it f i A% 38 R 44 B S A 3]

7E PCOS MG B, 2990ia77 4l 3 SN, (BAEGTH BE2 R 2 80 . BEpR U T (10 RF A i
NEBANR . AR A AR, 3 BE I R A A S B R CE A R R I e G AR A SRE R T
PR, X OAHMHT PCOS Wy #eft 7R # k4. Hul A ikiE, Fbasifiix 2 oy E L5
TE(PCOS) B A WEAENIBITEI[4], (A BARIERNHIA FFE— DB . AR 5CR A AEDE B0 F
B 53 AR R LA S B T PCOS B TEAE -IALEIEAT T RGUR T, N PCOS 1697 2 Ik
PRAL TR

2. EREFE
2.1, AHBERAKE
LL “Polycystic ovary syndrome” ki1, & GEO 4k B H 3K HL 5 PCOS H G I A % s 4H A4k £
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GSE277906. iZE a5 & 17 Bl L MEREA o IR ZH) K 23 B2 PCOS H. 52 22 B 57T Fifr) s b
A(PCOS 4). FIhS A HIEL R 1E S (version 4.4.0)°F- & SN FFHEH T IR AT, R 2 R RIE /0 H1(P<0.05
HlogoFC|>1), ffiikth 5 PCOS &A% VIAH I i % ¢ R 1A FE K (DEGS) .

2.2. DEGs ¥ E

IR limma G0 4GS B AT I B VAL 5 TR B . I8 i IR R4S PCOS 4 I R PR A 1 5
1% FC {8, LLP<0.05 fllllog.FC|> 2 A HRIMESfE H PCOS 2K DEGs; fifBh ggplot2 & pheatmap T.H
£, 2RO R E L BT R
2.3. GO f1 KEGG

KA DAVID ¥ & 51115 21 DEGs #1T GO TRtk S KEGG M E &£ /4r. FIH R IEFK
GSEABase 1] J [K FR A 0 PR EAT 0 2% 2 0 1033 — D = 4240 i, H9mxt DEGs 4% 0 £ J A 5 8 2 DG Bk
(1) 2R G HE A
2.4, P RHEIREERSIFE

AL AR BEERTRTT PCOS T /E S 55, J&-T- PubChem %4 /22 (https://pubchem.ncbi.nlm.nih.gov/)
i) TFE —4E45H), RIE SwissTargetPrediction ¥4 %2 (http://swisstargetprediction.ch/) 34T 4 S T, P4
UniProt i B 2 K 44 AR AT PR e AR B s e PR HEAL 2588 i1 5 PCOS 2 e IR B K 1) 52 46, AL
1S 2O A

2.5. PPI

HH STRING 14 #it4fs P (https://wwwv.string-db.org/)# AT PPI 734 SRJ5E, KAt Ah B B B F 4L s 5
PCOS K7 5 RIEH D (DEGS) UL I SRBUH BAE MBS, AT PPl M%%. f)a, KITER4RT
124 TSV XA JF F N Cytoscape Hft(v3.9.1) AT I AL 0 Hr,  SRAS AL M B 11 I T PCOS [¥IA% Lo

\\\\\

WA SDF #%3CM PubChem $#iE i N3, JCEERLER A 1Mk M E PDB £di & . Xt A
TEVEE AL ST IS, iZH AutoDock Vina 1.1.2 %4, 5ERRGEVEI4 T 04 .

3. &R
3.1 HMEREREESTNER

FIH SwissTargetPrediction £ 2 o] At A e 58 il 3E A7 24904 s 00 o R 0000 5 SR o 25 30 i R 23R 4
(Probability), #fii Probability > 0.1 [fEZEHE &, IR N IRV S 101 /.

3.2. DEGs HIiR 3

TR AR GSE277906 JT J& 22 ik 0 #fr, B 8k Hh 553 /> 22 ik KK (DEGs), Horb b ik K%k
N 117 4, NUREFEEEIL 436 S(0iE BRME % E N|logFC| > 2 H P <0.05). NEWEI%EFHERFMR
KO AL, A T4 B4 T IEH SRS PCOS 4Lk il B D)AEAE(E 2). Horb, SEERT
|logFCIEHE 7 HIHT 50 4~ 56K . 72 1 41 7 AT 10 A EiAFI i) DEGs.
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Figure 1. Heatmap of differentially expressed genes
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Figure 2. Volcano plot of d
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Table 1. The top 10 DEGS for upregulation and downregulation
F 1. FIE L AR TRERYAT 10 i DEGS

EE LogFC Adjusted P-Value
AR
A2M-AS1 1.17130734540123 0.0475822492415668
AANAT 2.74954968773469 0.00447398120715244
ABI3BP 1.67055835276746 0.0245368275507523
ADRA1B 2.22421364491509 0.0254974385580133
ANKK1 1.24154447646023 0.0289923929854862
ANKRD45 1.11292488600442 0.00699184654524278
APOBEC3H 1.49762873136231 0.0147782782941673
AQP7 1.10187481103885 0.00543066753847755
ATRIP 1.52304522177398 0.00798356422140929
BHMT 2.26283864316897 0.0272362233902244
C8orf48 1.36208841049807 0.00734412718545458
CADPS 1.10729522849798 0.04327759855716
NG
ACP5 —1.719202068 0.000720636645919505
ACSL5 —1.13821106 0.00946648347705778
ADAM20 —1.392220743 0.0487233059489803
ADAM28 —2.4246025 0.00535194684486573
ADAMDEC1 —2.930036424 0.023161309308621
ADAP2 —1.216224298 0.00523552388516581
ADGRE1 —2.783634832 0.00588956466830221
ADGRES —1.625684424 8.41611194758976e—05
ADRA2A —1.011980113 0.0198200076756534
AFAP1L1 —1.962857284 0.00171128534088143

1: DEGs NZE R RIkHEH

3.3. DEGs B GO ThEE EE /#7#1 KEGG S BEE T

FIFH R 4.4.0 #44+ & Bioconductor “F & 1] clusterProfiler 41, #1433/ DEGs #4T GO Ift =
S HTAT KEGG 15 5B % & T, BEMER{EBREN P < 0.05. M/, it PCOS KA KAt Af
FEEAAE LA G R B AR E S RS Sl EE, 45RWE 20 BT P HEAFH LAERE GO §HE 0T
(K 3)E7R, £ CC 2, RNEFEET G EAMBZIRLE & 2RSS T8

X il DEGs #HT GO &1, FHRHE P EMNBIREATHEF (K 4). AV ESFEBP)F, iR
RN EEEET AAMBEM . TR LAl E b IE 2 A S R . AR dl oy (CCY b iR, HE3E
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Higese &%

BT RSN Gy SR A 5 RRAL S AR A5 5 A SR A5 . 20T DIRE(MF) I 5 B9 K e 3 43
SiaEine. LIRS RIUR, T IRZEREERIE R M 5 A

Ph BERR AR AL & L MHC (R E &)

IR 54 Sl R A AR

Table 2. Top 10 enriched GO terms of differentially expressed genes
% 2. DEGS #J GO Ih&E 4 #r(Ri 10 {ir)

BP Count P-Value Cc Count P-Value MF Count P-Value
leukocyte cell- 6634778516 e’étfe”l‘:l rf;:e 4 425388068460 immunereceptor o 2.643183223841
cell adhesion 20712e-18 P 557e-15 activity 35e-11
membrane
leukocyte 36 1.818054625 immunological 8 2.12826752904  phosphotyrosine 9 2.550035477351
migration 07631e-15 synapse 687e—06 residue binding 86e—07
positive .
regulation of cell 35 4.763365511 membrane raft 19 2.90408922413 MHC protein 2.812287591737
s 37821e-15 214e—-06 complex binding 72e—07
activation
positive rotein
regulation of 33 4521140855  membrane 19 3.05817658914 hosp horvlated 9 1.915541877690
leukocyte 14105e-14  microdomain 309e—-06 phosphorytate 05e—-06
L amino acid binding
activation
positive secretor
regulation of 29 4.903408744 ranuley 19 8.56885826448 signaling receptor 2% 2.068159709914
leukocyte cell- 67245e—-14 9 664e—06 regulator activity 19e—06
; membrane
cell adhesion
adaptive immune 8.326285327  respiratory 9.55340730151 S 4.141019140592
response 37 76215¢-14 chain complex  ° 21e0p  cyiokinebinding 13 45006
oxidoreduction-
regulation of cell- 38 8.374122452 mitochondrial 10 1.28173344393 driven active 5.007226839233
cell adhesion 27197e-14  respirasome 105e-05 transmembrane 61e—06
transporter activity
© ulgﬁfg‘é‘; coll. 3 8664080910 . 265821254033 signaling receptor ,, 5883727149711
9 . 99706e-14 P 156e-05 activator activity 7e-06
cell adhesion
positive
regulation of 31 1.221294819 endocytic 19 4.54586967655  phosphoprotein 10 1.313680522483
lymphocyte 79231e-13 vesicle 256e—05 binding 43e-05
activation
. lﬁ’l‘;ﬂgr‘]’zf T gy 2420438729 S?gﬁ'{fl'g o 621089162246  receptorligand  ,, 1468111711553
gufation o 14497e-13 9 767605 activity 76e—05
cell activation membrane
1¥: DEGs AZERRBIE; GO NI:EAM,
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Figure 3. GO enrichment analysis of up-regulated differentially expressed genes
[ 3. GO B&E i LIFEE

GO E&ESHT - TEEER

leukocyte cell-cell adhesion 4
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Figure 4. GO enrichment analysis of down-regulated differentially expressed genes
B 4. GO B&E AT TIAEE
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3.4. DEGs il KEGG BRE&E 24T

ik 5 PR, KEGG {5 5l w4 R E R, Tl DEGs B2 H T 2SR R b
BEMRIE T . FEW REM AR BRIl KREEMER A G, MRS S, &
MAAREEE & B 55 SEEs . AR N BT . Toll BESZIR(E Sl . ThU/Th2 47tk AALk
BRAb R ACUE R S5 . DAVID BRI e R RN, ZRRIAEREFH FE T RS RIS

(16 NMERH, P=2.80x 1071 (4 3), 1XR RS HZHLPUAE PCOS K #E ik e ik #2 b B A EE M REIhEE

Table 3. Top 10 enriched KEGG pathways of differentially expressed genes
% 3. DEGS HJ KEGG @& 2 #7 (R 10 1)

KEGG Term Count P-Value
Staphylococcus aureus infection 16 2.8033270525928e—11
Hematopoietic cell lineage 15 1.20600995648869e—08
Chemokine signaling pathway 19 1.26682983629212e—07
Rheumatoid arthritis 13 2.63913160332163e—07
Cell adhesion molecules 17 2.65568634389748e—07
Malaria 9 3.01579874510468e—06
Osteoclast differentiation 14 5.47375311994212e—06
Leishmaniasis 10 1.32174913728811e—05
Allograft rejection 7 1.79254436365721e—05
Phagosome 14 2.06249750983103e—05

KEGG B&ES T - TRAER

Staphylococcus aureus |
infection

Hematopoietic cell lineage |
Chemokine signaling pathway -
Rheumatoid arthritis

Cell adhesion molecules 1
Malaria 4

Osteoclast differentiation <
Leishmaniasis 4

Allograft rejection

Phagosome |

Leukocyte transendothelial |
migration

Type | diabetes mellitus |

Systemic lupus erythematosus -

Th1 and Th2 cell |
differentiation

Viral protein interaction
with cytokine and cytokine {
receptor
Pertussis 4
Cytokine-cytokine receptor |
interaction
Intestinal immune network |
for IgA production

Diabetic cardiomyopathy <

Viral myocarditis {
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Figure 5. KEGG enrichment analysis of down-regulated differentially expressed genes
5. KEGG E&E ST T iAER
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3.5. PPl &3#fr

JEid STRING TEZE%HE 2 f4  DEGs (1) PPI, {8} Cytoscape3.7.2 #f45E ik PPI W2 1 o] ARAL 434 s
SRR 6. NHE— B OE S &S, 34T Degree. Closeness & Betweenness 5371 FNEFAE R 2% 715
RITEERE T . E2FIERITIEE, REMEZOMET M. 45K, PECAM1. CD5. KLRBL1.
CD34 Jz CSF3 A UKt i% SRAF AL BB AT, HIRFEDR AT BEAE AL D S 35 R+ 702 PCOS 43T AL 435

REEMA T
°
MEIKIN F2RL2 ESRP1 DNICT CLEE4D
PSMAS UTs2 LAD1 SY@E1 VNIN1
ccL22
TNFRSF4
SKaP1
MS4A1
GRAP CSF3
CcD5
KLRB1 SPIB
BLNK
S1aA9 PECAM1 CD34

ADGRE1 HOXA5
CDH5

RUNX3

HBX

Figure 6. Protein-protein interaction (PPI) network analysis

6. PPl &4

3.6. FFXIHEDHT

ik — PRI A A i B - O B a5 AR 2 R A EAE ML, IR EX PPI 48 H 4 MCODE 4 {4 i
ARy B i ) SRR R BT & 1) 3 25448 )5 ——PECAML. CD5. KLRB1——1F 24K 1, St
BT oy TR AT, SSRGS R 7 Fos . AR S 3 ME R EORES G, 4G RRIK,
siaE R . Hh 5 KLRBL 45 & feffik, N—6.5kcal/mol, 454 NkasE, SER-193. LYS-125 i@l A
R R KAE R 5, 55 CD5 454 fE N—6.3 keal/mol, LEU-340 DB /KAE 58454 5 PECAMI 45
A e N-6.2keal/mol, ARG-690 Rt E . 4 b, FHAh e sfiaEHs 5 PECAML, CD5. KLRB1 X =
KSR AR E M E &Y, H45E 683/ T-6.0kcal/mol, FKBIH nJRgm itz LIRSS 1
e AU S IEA S SRk, 7E2 RONRLEA T T KB ERITER .
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SR S

CD5 LLRB1 PECAM1

Figure 7. Molecular docking models of total flavonoids from Eucommia ulmoides with core target proteins

7. M RERSZOBERN S FREER
4. i

Z %2 U0 123 51iE(Polycystic Ovary Syndrome, PCOS) 2 Il R # LI LA A 73l 25 L 5 A 57 1 9 RFAE Y
P, el AR B R PRSI R 2, ERIR AN 5.6% [5]. % BH Z IR E . HF
SR T e S 1 2 N BRSO 0T S PRSI, 1T 91 R ANZA[6] .

WABEFRY], BURA R Re S QU o 2 MR RS . AR B R PR B AR B R TSR 7]. JBREY
FHARBUIE N PCOS I SN FRARFAE 2 —, 7] B 2 PR B v R0k A 4 e A Rl I 2 o AR ST 98 R B, #E PCOS
FERLKBRAR Y, RI4TI R IRS-1 5 GLUT4A fUZRIA/K T35 NI, s e i 4 B R S 1 R B,
FURR G B kD o R UEAREIN , R 5 AR e BEL A R, 200 6 ) o 2 WA R, UK 400 L LE 6 e ik
HETTAT G AE K5 = A AR [8] . BIARZG B FESE, AP S B LA T R i - T A - B
BLHNThRE . RIEFMEBER AN . SRR S BT AT AR AR R R R T S 2 R 2GS 9], SIRTL 2
5k B R AR, HBRse s (e 2R S B A0 M /IR B FR[10] SRR B BUBE, AR SRR
EAL RO B R AR EE, SRR AT PR AR [11]. HhAh, FRA S B @ S HPO HiliAH ¢ n HL4 41
K7, LK Kissl/IGF-1/LePr/Ar Z: S PISKIAKL 15 Sl R 1205, SRR S RARTT, k) on 2 21
ST, TN ARG AL, HEMIE PCOS ZAHA S i R T AE 16 T EFI[12].

AW FAE I AEDNE BT 5 00 TR, KRG TR AL R 3BT 15 PCOS 1) SRS [A] |
W U B VAT o TR o BF 7RISR B AR S5 101 A4S, FHEEET GSE277906 3Rk il i d 4E T J& 707 »
FH R ES MW EES A HE T ERRIL N . GO Uit AEL BB R, iR 55 w4 T TR
FEBR e S fAE DG Ty B s T R 26 TR DU VB 3 AR AE AR B | DA AR e A DI R, DA R R G N
ST AN SIS E T RE . KEGG B EENM T ER, EREEEREEEETH
Bymikht. BEREHER A A RIS

#E—2 PPI $&7~, PECAML1. CD5 Fil KLRBL A fg &t Af i s A 45 4E F R DGR R . 0 4
REIR, =FHYT SNSRI SAs e 4G, ST RRiE I A R EE ST PCOS 3%, PECAML
VERE LR IEREI 701, 25 T8 A MUT R | S0E S S D e B 73R B, PCOS i3 1fiLiE SPECAM1
AT S MU N R 3 % DIREOG, PECAMYL R 3858 A MO R B . (e 3dh 20 - RE ik, in =8 O B2 )= 350
M PE ST 5 N R ThRERERS . IRRDFFTIESE, BRIk SPECAML /K°FAIEgE PCOS M MAFThAE[13], #2m
PECAML HJfig/& PCOS HHICIM A AL FIVEAEIR T #E AL, HRULHEN, AL P S50 vl s i@ = o i h &5 &
PECAML, il HA TR SAE SRS, S o0 S A RAES ), MR #2503 PCOS ITEH .
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Ji 5 AP UE ES (IR) & A 7 i ik HE () S Bl % 2 —, F PCOS Kbl o R 4% 3 SYER[14]. BEAE:
WFFEUESE, FLA S B n] FRAIS PCOS-IR B O BRI A0 o B8 S I S L i 5 3 AP R e — B 5 e
TR R 5 O S S5 M [15] o AHIE FE3E S A5 1822 4 Wt — 2D U0AIE, A e e T w3 v 8 4
FHCPUIEE, MR IE T PCOS I1E

SE T TR 1 308 B AR O a2 v R R 5 3 o R I OB B . — o 0l BRE ML BE AR AR 0 FR T
A AR SR AR 2T 9591 ATP, SAZHfAE FEIE SRk - B Rs B S d . U 4RSS BN, AR AP R S
A Rel i AR LR R RE B AR DR E RO, ST IR VE A R AR B AR, T (R ORI IE R
H[16]. UHARM SIUANRGURATRS, B TE A ROR DRGSR AT 5 2RE A ELRE M, ) [
5 PCOS kA S K. HHEMA PCOS B AMBBKFICARM, ZEHBBCEEIE, ##—F
B OFELA5 A% 5 A O R [17] o ALl S SR B A BRI A S B SRR VE R, TSGR &R ) RE,
Pe A SRR LA . AT KEGG &4 R IR, % Rk AR b s Bk = B s 5, R
A AL PR BB R PCOS fig &A1 35 6L A EE 2 A

BEEMTER, ENMEIER. BUEAES. AARE N EIER. Toll A28 & Thl/Th2 41
i 53 A S5 G 28 S RE A DI % 15 25 B . Th/Th2 4l 2k i ] 51 R fse 25 38L, 4& PCOS [ H 2L K [18]. f
AR, ZHSEMRRIEA — A BRI REM. CD5 &2 —M Ko &S, "l T. B iKkE
M ThRe, 5 HS A& PCOS Sl KT H VIMHK[19]. PECAML 25 AR 51T, HmH
JEI G B JRE 5 A AR o A A TR AT A i 4% R B R OB RE A, PR BIR A, P
RAESG R N, RSN AL, B R PCOS IIFEH .

PECAML W] #5840 R 115 Sl i S AMA R G, HH 1 4H MR 20 A I 0k S 2 12, [0 ek LI AR A
SHIMES A ; CD5 25 HLA-N AKX H & fsid ik, T T ISt BqE, k> 90 44U 570 i
Yrili; KLRBL U AT 38 95 S5 A4 R 08 B 4 ) N 41 o B 35 Ak 5 28 05 IR RR . AL A A B A v 45
PECAML, e/ G e 2l [ N SR AL SR, SRR SR il 12 ARG B 90E -

AT T R B F AP % -5 A RR A E i Y [R5 4R, DA OE A i & kK75 5 . Th1/Th2
SHACEE A DGR IR Y R W A, SRR A S S VR A BLE AT BRI S g - AR IS I B T . A
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