° 7472 ¢ ‘* * B 2025E 108 £56% F20H8] Chinese Traditional and Herbal Drugs 2025 October Vol. 56 No. 20

ET GEO HFEEMZAMEUIEERBEXBEAYESRG T NEEE
SREh Rk o3 T

FAEW !, EAPE2 I R, B U, ER, FAE, HIER!
1 bRt R B 22 B, v [ R 22 b e 24 AT RIT ST AT, S 254 i O DR B 5 B R A T 4 T J AT S0 &, bt 100193
2. B ERZGREAREITERE, BT 100700

# E: BEY T GEO FEFEZIE 2 R MM LAE (multiple sclerosis, MS) i3k g IV TEZ5W%0 ps, il S 1m) i ade i
WEAFHUEHR 255 1E Ry, Ty MS T EZR T R AR ks . 7555 % #& GSE224377 Al GSE149326 ¥#lif, ik
MS B AR X 5 IERE M AR ERRIEZE (differentially expressed genes, DEGs), &G AU K 3R IE M 4573
(weighted gene co-expression network analysis, WGCNA) %5 5E 9 i JEAR AL O . FIFFERIAMA (gene ontology, GO)
FRE AR R 5 IR A F R4 (Kyoto encyclopedia of genes and genomes, KEGG) & £ 50H7 S Ik [K {1 2E W22 Th g i 1
B ETCM. TCMIP Fl NPASS 4 2 J [ fiii e #E [ HH 25 i 53 454 Swiss Target Prediction PPAf 24P, f#H Autodock vina
HEAT 43 F 5 BRI R A% O B 55 B8 85751 2% (1 Cmyelin basic protein, MBP )1/ 98 % 5 41 il % 3% K -7 2 (oligodendrocyte transcription
factor2, OLIG2) HHZiior &)1, R JL%5E 172 4 DEGs (59 A B 113 AN T D, IR R LR IK 45 53 B
(weighted correlation network analysis, WGCNA) #5/r 11 M5 MS R B ZM A SE R, HoiEasibg (107 MRl
R Syt B (FHXFRE=0.74). GO Al KEGG TR, FEEREETHEE K. f5e S m A i 5
BERAHOCIR G . ARYE 8 HA% LML UL ARC R 45 N2y, RIET 62 2. 45 M idr 5 MBP. OLIG2 7 7 x4 R
K, WER (5 OLIG2 454 fg: —8.2kcal/mol, 5 MBP Z5&fE: 7keal/mol). FHSRZLAK (15 MBP 454 HE: —7.5 keal/mol)
SR SR GRIEE . B0 RAKT T MS #HRIZOERFE @K, HEM T ZFETE R SEE R, N MS 1
G TALEIARAT I o 25 TR RS A B2 L7 Rt

KRR 2 RVEMIAE; GEO #difE; sy R HJESEAN: MEmMtEEn: DREAMBERET 2
FESYES: Q811.4; R285 YRR : A XEMRS: 0253 -2670(2025)20 - 7472 - 13

DOI: 10.7501/5.issn.0253-2670.2025.20.018

Systematic analysis of druggable targets associated with multiple sclerosis
progression based on GEO database and prediction of targeted traditional
Chinese medicine components

HUANG lJiali', YUE Lifeng?, SUN Le!, MA Pei!, LIU Haibo!, XU Lijia', XIAO Peigen'

1. State Key Laboratory for Quality Ensurance and Sustainable Use of Dao-di Herbs, National Administration of Traditional Chinese
Medicine, Institute of Medicinal Plant Development, Chinese Academy of Medical Sciences & Peking Union Medical College,
Beijing 100193, China

2. Dongzhimen Hospital, Beijing University of Chinese Medicine, Beijing 100700, China

Abstract: Objective To identify potential drug targets for multiple sclerosis (MS) progression by mining the GEO database and
predict bioactive components from traditional Chinese medicine (TCM) with intervention effects through reverse screening, providing
a theoretical basis for TCM-based MS treatment. Methods Datasets GSE224377 and GSE149326 were integrated to identify
differentially expressed genes (DEGs) between white matter lesions (WML) and normal-appearing white matter (NAWM) in MS
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patients. Weighted gene co-expression network analysis (WGCNA) was employed to identify key modules associated with disease
progression. Gene ontology (GO) and Kyoto encyclopedia of genes and genomes (KEGG) pathway enrichment analyses were
conducted to elucidate the biological functions and pathways of critical genes. Potential TCM components targeting these genes were
screened using the ETCM, TCMIP, and NPASS databases, followed by druggability assessment via Swiss Target Prediction. Molecular
docking (AutoDock vina) was performed to validate interactions between core targets myelin basic protein (MBP) and oligodendrocyte
transcription factor 2 (OLIG2) and predicted TCM compounds. Results A total of 172 DEGs (59 upregulated, 113 downregulated)
were identified. WGCNA revealed 11 gene modules significantly associated with MS phenotypes, with the blue module (107 hub
genes) showing the highest correlation with disease progression (correlation coefficient = 0.74). GO and KEGG analyses indicated
enrichment in pathways related to myelination, axon guidance, and blood-brain barrier disruption. Reverse screening identified 45
TCM bioactive components (derived from 62 herbs) targeting eight core disease-related genes. Molecular docking demonstrated strong
binding affinities between key targets and TCM compounds, including pachyrhizin (binding energy with OLIG2: —8.2 kcal/mol,
binding energy with MBP: —7 kcal/mol) and chelerythrine (binding energy with MBP: —7.5 kcal/mol). Conclusion This study
systematically identified core genes and pathways involved in early MS progression and predicted multiple potential TCM-derived
bioactive compounds, offering novel insights into the molecular mechanisms of MS and the development of TCM-based intervention
strategies.
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A-volcano plot of differentially expressed genes between NAWM and WML in MS patients, red dots indicate upregulated genes, green dots indicate
downregulated genes (WML vs NAWM); B-heatmap of differentially expressed genes between NAWM and WML groups (each row represents a single
gene, with red and blue colors denoting high and low expression levels, respectively).
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Fig.2 Heat map and volcano plot of differential genes between NAWM and WML in MS patients
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clustering of differentially expressed genes, ribbon annotation reflects automated single-block partitioning consistency; D-clinical correlation profiling of
co-expressed modules.
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Fig.3 Visualization of gene co-expression network construction and module division
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Fig. 4 Enrichment analysis results of GO and KEGG
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SRR ST A A [F] AR B IFR S 2R, BCASL 5
BEW IR AR 2 DA 5<20), SH3GL3. SYNPO2.
TF SH#EHIEE . G R NA KT,
2.6 ETEEEEIA AR S BTN

£ TCMIP. ETCM. NPASS ¥ %4, 1R 5 H
5 8 AN A% O m A A ELAE F HL AR 1t R0 s 2
PEYJRAF I 25 1y 45 S, BUFERAIEIG . 1 ESRAL

B REG RSN X RIET 62 Rz,
AR EE. S, THESS%. TH Cytoscape
AR R R-A RN - Mg, i 6-A
FioR o % 62 B 25347 Gt o0, 25 5 s T 1)
2GR LU R, R TR FRCLH A E,
W R, WE 6-B~D Fian; ACLRNEZG A
F, ERS ISR A IR, WK 1.
27 EFRZOESENERRIESH

f#i ] Cytoscape #1 CytoNCA it it5 8 N5
2R R 6 BURIME R A%, fREE T 3 MR
2B R, 2T HPA H508f8 FEAor I AE TR AN s 027
4 FRAUEE M R 4uM . ROTANAE. PhEnal
Ml P ED) R ERIARHIE. S5 R ] MBP 74
SR RIEERGR (>75%), SANMREERIE L4
=, OLIG2 75 20 B 3 v oF Jie Jo 400 P o S 1 v
BCAS1 257 I J5t 4 i Atk 22 B rh T8 3 IS, LA
7. {EAFERERJE, MBP Ml OLIG2 1EH MS i 4
B R OCEE R R, B EERNE.
OLIG2 1E N> R R AP bs S B Y, HERIAK
SERIBA AR ] B EL I MS AR T RIS
AP i MBP VE NSRRI R B ED (4
BESH S AR ) 30%), s A S HEE 2 A 03 I
TERERFRE S ARE M. 75 MS KR,
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Fig. 5 Enrichment analysis results of disease core targets (A) and violin plots of external validation (B)
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RIPEAL F D EEAG R,

2.8 HLHART S XBESN D FIEER

R 45 MZ O 2R 5 MBP. OLIG2
BEAT 73T RH%, MBP (98 ID 52 IFV1, OLIG2 [
ID & Q9EQW6, MRIEALIA > T 5245 & 6E, 7
AEEEE 75 2 AN ARG A RE BRI 8 MR (R
i), HAE 4 MEAESIX 2 AN EAR
SRS AT, 5372 B JE SR 40HH, (chelerythrine) .
F & T A& (isochamanetin). 5,4- ¥ FE 3R (5,4
dihydroxyflavone), %% (erosnin), WK 8, *F
HIIX 8 Mz Ak-Hi A 1) 456 07 AT RN 25 i 3 e
e MS SRAH LR UL .

TAR-TCAR M R AR R R E R -
OLIG2, 55 OLIG2 [ 45 & fig /2 —8.2 keal/mol, 55 MBP
(454 Re 2T keal/mol, W3 2. I Z B FLEM
AU =), RN A S R AN T g RO,

FEMA RS EREIE A Rt — D3RR . REER
5 MBP 454 RE/2-7.1 keal/mol, 5 OLIG2 [#45
B HE/2—6.6 kcal/mol. H 7T HKH 77 5 2 & MWk
i 2,3- XU 1 (indoleamine 2,3-dioxygenase 1,

IDOD) FIETEHIHIFIET, IDO1 RAR I ARk
R R TR I PR o 1T (2R A2 & 7 S-F i (5-
hydroxytryptamine, 5-HT) FJE A,
RIRBRIEF NI S-HT 14 . MS B ipy 5-
HT 35 TR FEAMAR . £=58 . 95 55 R I S B
NS — B2, RG> TRHESE R, REERAN
W5 5-HT AR [F AT gext #8 MBP )RS R A
WTEM, Btz e WEes— 2. Bk
ZLHRE — R R AEYIBN, 5 MBP K45 &HER—T.5
kcal/mol, 5 OLIG2 [ & fit2—6.9 keal/mol. AT
WFFEUE B 9 56 £ 6 56 % 1 75 Jl 1 IRV AL B 1 I
M ( adenosine monophosphate-activated protein
kinase , AMPK) /Wi LY & H&E R E A
(mammalian target of rapamycin, mTOR) /UNC-51



* 7480 * ‘* #— B 2025E 108 £56% F20H8] Chinese Traditional and Herbal Drugs 2025 October Vol. 56 No. 20

A g B 0E G0
v el
e P

AL
i

&6 HEI-LEM-HHEME (A) MPHNES B). AKX (O AL (D) FKitHHh
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flavors (C), and meridian tropisms (D) of traditional Chinese medicines
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Table 2 Top 10 compounds in terms of binding ability to MBP and OLIG receptors and their binding energies

EW CIDs #Ef&0 45418/ (kcal - mol ™) thE CIDs e 455 R8/(keal-mol ™)
i SR AL0 2703 MBP -7.5 mER 5317189  OLIG2 -8.2
HLRET 21721821 MBP -7.3 SPEEAR 2703 OLIG2 -6.9
REDER 5318528 MBP -7.1 HLERT 94381 OLIG2 -6.9
5,6,7,8,4- T ¥25E 3/ 96506  MBP -7.1 A F 91144 OLIG2 —6.8
ARiNS 188308  MBP -7.0 235 0 R K 384877  OLIG2 -6.8
mER 5317189 MBP -7.0 FME IR A 14236566 OLIG2 -6.7
R 513197 MBP -7.0 5,6,7,8,4-TLFAFETEE 96506 OLIG2 -6.6
i VAl 5317435 MBP -6.9 LICHAG &R 160490  OLIG2 -6.6
5,4~ R R 165521  MBP -6.9 REUR 5318528  OLIG2 -6.6
s EARSK 193679 MBP -6.9 HHET 124049  OLIG2 -6.5
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SELLBHNS 2 R M B VR, ELA 80 s
CL 7 7% U e 0 1) 370) i 2R -2 (5 - PR i £, T o 2 -
1,3,4-W — M2 Jky 7 BB Bk AN 6-H &(-5-5AfR-L-1E
FEER 10 5L EBY, ADME [Z9ER AT 4 4
KEELTFE, WU (absorption). 434 (distribution)
AR (metabolism). HEM (excretion) ] Tl FEE
i#Eid BBB HEZMEsn, X1 MS iXJHE S %% M
KPP LIBAT YRR A BT . 5,4
R MH R B 2K ER, 5 MBP 4556
& —6.9 kcal/mol, 5 OLIG2 45 & RE & —6.2
kcal/mol. H:[F 5 TR 7,4~ 2L EH B A P4
LA RIS B, FI0II fr i W e v HL 2 24 1
5, PRIUE 5,4 R BT HA B T R ST, L
* 3.

#3 {41 ADME RiEMIRIR
Table 3 ADME properties and botanical sources of

compounds
GI BBB . ,
e . Kotk YRR
absorption  permeant
SYEERAR high yes yes=5 HHEE. BHEx
REDR high No yes=5 MBI ik
54- "% high No yes=5 (T, F.
i PN
HEER high No yes=5 EFHE. E
3 g

MS J&—Fl LR XA 22 2 G B B A% O 118
PR, HIRRRE R Rt EE, W
ARG EN D REREAT . BN AR K 4 RS
SZ RGE. HITMIEHIA T, ImK T
TG k%0 Bbr, (HELEZY) CntHiER
B ASMLEREEPT) AAFAEST BRI PR PE S s B VR IT K
Ao ERFERMZE, MS KT 20~40 & H5HAFERE
B BIZ 1:2), X— ABFIEA TR A
SR pEERME SN B BRSBTS a2
IfReH IR Al sk B3hRE S R IR AUk RS
H I ANRESIIRIR (£ 60% B 1E R 10 4F P2 K00
SEATERESD), BRI Sk Bk, it
— IR R EL T CEXEIT ZHm 30%~
50%) JCoBE R 3 VR R A= 2 =ik 50%) Bol, b4,
ABRERTT B FO A5 3 80K Je A 1 5 R e DASR
BCRE ) A=l ), R T R RAR AR . 2 R T
BYIFR . WA 2 IR I ST KR
ZIR G REEHBIAITE, B MS Bk

ERIREE, AT BRI bRl S

AW T E SURAE MS BT BT
BRBFITERY, A FURECE L MS - E R
FERI—AMIRR I Wi Te bR . MS B A w30, H
BE MS Pk, R IR A o 2
WS AL X o AR AR AR, i MS B E R
kAR R 1 DUE R RS, @i
B MS B3 AFFAEX (WML 5 1E 5 40 i
(NAWMD) 6 HEHE, RGH7R T 5 R
AL E Z4 . DEGs 5 WGCNA BHL /e
B, MS #tRAM KD R AT Re k8, &
55 BB S 1. BBB S8 B MERIR K A AR
WEVIMG . 56 E R s R E B BAEM 23R
13 22 > MS it A% O FE Rl . OLIG2 fE /58
JR IR 4 3 A R A% O i S R, HRIE TR I AT RE S
M OPCs Zrfbi&i, 1 MBP [ H 5 %% Wil B4
5]k BEEELE R R . AT AU R I, AE MS BT
SRS ROE R ML, TG BCAST BRI SR ik
JOR A MAE T T S0 1 M0t R 1) A ] . R
TALEEYE MS B IR RSN AR LRSS 2, K
L BCAST P T fice Joit 24H i 1) kb 7875 4 A 1)
RE TR ARE), WFFCIEH SN KR JZ )
BCAS1 FHPEZH AR T — AT 7 4 i b R o
SR, X LCAH 7 R A 1 R R S R, T A
i S B o S AR A, HCA AR R . XS
TR EE R —5. Ak, TN 1% 0 B 55 S5 PR
R EA R m VLA, 4 %K o (integrin alpha,
ITGA) 2714 & 5 [ 14(matrix metalloproteinase
14, MMP14). M2 & F-IBIE R 3244 7 (purinergic
P2X receptor 7, P2RX7) LA K et 44 i A K R+
XAk 3 (fibroblast growth factor receptor 3, FGFR3)
SR SRR R 2 Lt NEIITT R B ITGA2 5
CLERAE MS ¥RIT 23R Bk 54T (Natalizumab) [f]
5 ITGA4 [FJE &R KR, #R ITGA2 Al fg A
AR R ERBRT. MMP14 j2 MMPs
MEA, 25 MBI 9 RS, T
MMP #IiI7] (N2 PR fEREME MS F I
TBITIE I, P2RXT RAR RVENES 24k, SMa R
iE L POMAOG . SRI0R I P2RXT /£ MS Lot g
WREFET, 5 MS MR ENLRA I, A8
A MS ZWT AR S, Erdafitinib 42 48
SRALHIZ58140, V5 FGFR1~4 H30H) 577 FH T B
Ji (NCT03390504), {HHAE MS a1z = i if1EH
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I S 7] HE AU S S, ARHEFEM ETCM,
NPASS [ TCMIP %dff e b8 e th il 38 . SR
2LH8 S E E RS RA M AR MR E
Wy (456 BE<—7 kcal/mol) . B RIENIRFEEMR
AT, K5 OLIG2 MR (454RE-8.2
keal/mol) I et 1 s /b 5% 11 Jot 24 i 7 A A S 3
HEACHERE R AR . DI R R, I R I
R P - e BT TR R PR RS R
A, XN MS ST R AL M. SR
CLA I R A AR Tl A Wil Hodad
AMPK/mTOR iBES % HERIRE S, 7T REIAE MS
T E A RE BRI R. RAE
FAEJy IDOT M7, i #0R R R A2 1
5-HT &5, 7T BE AN 22 MS B AR 2ORE 5 0
HREAIR, BExH IR 28BS ™ B ) s B AT T i
fio BRAh, 54— FRdE s B T A AR PE AT XL MS
T DR TSR R, R RIR A S 32 S AL
RO . XEER T MR T R A IR i BE R IE 2 . %
PR KA ORI, SRR R Al R iE 2 4 A
v ) S IR 5E 4 TR T ROR -

AW FlE L RS g H B, R T MS dhfE
1725, FETN T 2 R0 BAT T HH 77 00 245
73 IR RIA N MS BINLHI BT IR B 1 Hr it M,
oA EE LIRS E BT RE T #6542, 2R,
AT ST 280 s PR 7 347 75 15 1 22 R BRI
o RRFIELEERHEE . BORGIH 5 IR RKAE,
B MS 1RIT N “IEEHER” W) “DiRefs R
IR, fe 4 A BRI 0 MS SR AR TR I R
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