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Abstract: Objective To explore the co-expression gene characteristics of meniere’s disease (MD) and vestibular migraine (VM)
by bioinformatics analysis, and screen the core co-expression genes. Molecular docking technique was used to predict the therapeutic
potential of gastrodin on core coexpressed genes. Methods The microarray data of MD and VM were obtained from the GEO data-
base for the weighted gene co-expression network analysis (WGCNA) and differentially expressed genes (DEGs) analysis. The
co-expressed genes of MD and VM were supplemented by screening the CTD and GeneCards public databases. The DAVID database
was used for Gene Ontology (GO) and Kyoto Encyclopedia of Genes and Genomes ( KEGG) enrichment analysis. The core co-ex-

pressed genes were screened through the protein-protein interaction networks ( PPIs) constructed from the STRING online database.
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moLecular docking prediction was performed between gastrodin and the core co-expressed genes. Results A total of 92 MD and
VM co-expressing genes were obtained. Enrichment analysis showed that both diseases share significant pathological features of im-
mune and inflammatory responses. The common pathological mechanism of MD and VM may be related to TNF, IL-17 and NF-kB
signaling pathways. The six core co-expressed genes are TNF, IL-1B, IL6, ITGAM, CXCL10 and MMP9, which also have immuno-
inflammatory properties. The binding affinities of gastrodin to these genes were —6.59, -6.50, —4.80, —6.00, —5.59 and
-8.47 kcal/moL respectively. Conclusion Immune and inflammatory responses are the common pathological basis of MD and
VM, supporting the association between the two diseases. TNF and NF-kB signalling pathways may play important roles in common

pathological mechanisms. TNF, IL-1B, IL6, CXCL10, and MMP9 may be potential common diagnostic and therapeutic targets for

MD and VM. Gastrodin binds strongly to these and has some therapeutic potential.
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Figure 1 Study flow diagram
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Tabel 1 Shared target gene list
HEF HEBE N 44 FR Closeness score
1 TNF 27.5
2 IL-1B 22.583 33
3 IL-6 22.583 33
4 ITGAM 21.583 33
5 CXCL10 21.416 67
6 MMP9 20.25
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Table 2 Molecular docking sites and energies between GAS and core shared target genes

Target protein

Binding affinity

(PDB ID) Drug Amino acid residues of the binding site (keal/Mol)
TNF (5UUI) GLU-23, GLN-25, ILE-136 -6.59
IL-1B(5R7TW) PRO-78, VAL-132, LEU-26, GLU-25 -6.50
IL-6( 1ALU) LYS-66, ASN-144 ~4.80
ITGAM ( IMF7) GAS GLU-188, ILE-182, ARG-181, PHE-180 ~6.00
CXCL10 (107Z) LEU-65, LYS-62 -5.59
MMP-9 (6ESM) GLN-227, VAL-223, GLY-186 -8.47

PRO-78

K 7

I RAESS

C

VAL-132
LYS-66

23
ASN-144
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A~F: TNF IL-1B IL-6 ITGAM CXCL10 1 MMP9
Figure 7 Molecular docking results
A-F. TNF,IL-1B IL-6 ITGAM ,CXCL10 I MMP9
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IV o 10 98 B 4 I8 1) G 8 R AR E R AR
AR A RESE MD Ml VM 3[Rl B SL Al Hip 5
MD il VM 25U 5 1) G028 2 9 38 [ 43 31 2 . TNF
IL-17 F1 NF-kB {55 %, ikt 6 M %.0dkik
S, AT 4 g & TNF, IL-1B. IL-6, ITGAM,
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B S8 A1 48 RE [ 0 & MD i PR R & 96 B il
AIEE RN E ) NIk % (endolymphatic sac, ES)
Vi Ry N H-A 928 SORE ) RS B 78 43, A AN RE 6 32 470 Il
O™ HE B P8 25 30 % PN I L2 A 1 B i A
FAVST S R LA AR MOAE ES 72 A G I v A R
TN I 240 0 00 AR, 978 A e 28 52 B W0 #E ES B A8
AR TTCRR DL S 5 — it J5t — aok BORE B A 3 3
T AMERS 7 X UEERRES | A B M JAE S, JFAE
VFZ AR RAMLIN 2 51 R T & s B4 407, 52w
WHIIRE, BTN H B4 0P 5K 383 5 L
T AR B R A B A, i 28 PR - R B K ) 95
HLRAS . M-I - RAE & VM R AL UL, ¥
K B2 )23 85 3 ( cortical spreading depression
CSD) FL A= BRI G Tl = SUM 28 1045 SS9 5 | e i i 42
TEE R AE SN, CSD ¥iG = XM 28 il % &R 48
(trigeminovascular system, TVS) &3z %%, {# M4 K
RS PP 22 A, 5 | B A il i A5 7 7 R0 1 3 2
HME | BitiE 20 A R - A A R AE A BRI 2 B =
22T (trigeminal ganglion, TG) %7y M 38 5 H
AR E AR S B R 2 B s v
S T TG 2 A I RE AL 2 A H, SR N H )
RE , QN7 LR B 2 S SO N H- Bl ke 28 DA K B8 -3
TEZETLAE, X 2 v ix 5 A1 8 i R - i B R AL
i1 T A G R AE N A MD T VM S BRI il
WS 55 T SL R EIEA] X5 Y &
AR HEARKAE

TNF IL-17 \NF-kB {5 5 % J& A4 20 Ml {5 5
A A o R A T B I, A R T AR G R
i S A SV 22 e PR 3 3K 7 T R ¥ G VR T, 4 i
Z SR 0 S AR TS, 5 BS R
T TNF-o F1EH A0 A 2 6 (IL-6) Fik /K- LiE N
MD 83 ES A5G e TG PR in 4 it B d k4 | 1k
WY Jas B 4% A0 S 07 2 12 A LR >, BUAR TL-17
{55 E%7E MD LI BF 5T 80 (B R AE H - IL-17
75 MD S SP L Rk 19, NF-«B Al
18 18 25 11 ( epithelial sodium channel, ENaC) o £ K
BN 2 £k ENaC J&—Fh ek Na+
B, 2 5 XN R S AERr IR I R G
PR S B OCHE 2, Hdgrh ENaCa ZEHIE MY
NF-«B {5 538 I #0E A 5, i MD 34 ES
FATEH NF-kB A S RAE S, AE 53 ENaC #4iz
HREREAT , ¥F— A S 808 F R @O EH .
HIAAG NF-«B 40 ARF 5 P A0 R 7 PG B
NF-«B AJ PR3P 2 iE ) 4f7 o ) 10 0 47 Ak 20 i 4o 2 42

B RAERLIR N 5200 2 38 2] i R IK MD &
IR 5 4 DR 8 4t L L, O ALk A R
R FFEGERER . HETET IL-17 15538 B AE
VM /R R GEAT 8k 30 IL-17A L3z R 1)
Fik 5L CNS SAETEBRA &, W 1L-17 40
HFr BEXT CNS BURIRAS LA tE i m > A 1
FRM VM 5 IL-17 (558 B A ¢, X 5RATH 4
R—" ) TNF-a & H T MAPK {55 38 i 75
CN'S P 28 Y5 MR AR 19 & A= TN RR 2 & 24
TNF-o H3# MAPK 8 % Tk 325 1 {5 412 4 40 g B - 2
HoAth A B, 51 &R RrLe ™ Bk ONS I
JINIE SO A L 43 00 5 TR S o 2 AR A T (K
3k B S S R A PR A A0 T, X R 28 7 AR AR
BN NF-kB {5 5 3 % 16 4 28 9 0 5 % i &
AL T & R EAEADY . CSD HlTE AL /N R T
YL ZE NF-xB 1550 B AL E 5 0 A R ik, 5 2o
ZEVRIE JRE M5 & A B M A Sk 0 2 FR s R H
M5 & NF-«B {5 5 B 00E 25 | 6wk Jf & VR 12
7% NF-«B 3 4 7 A8 2 fm Sk 0 1 7AR )7 s VM
BB RAE N F KPR, 5 MD 26481, TNF-a | IL-18
I TL-6 1E Ay 85755 RN A i PR i i R 37 4 1 D o
2RI 2 0E A T, AT 75 5 0 ORI R M Sk
95 245 ST A TNF-o IL-1B 1 IL-6 %5 %
iE PR, U/ /DN 5 AN L 3% Ak TT BB B s S
TSI/ &R I & AR R BE O K47 B 7732 30
AR SRE AT, e IR MDA i 3k 9 11 &
AR RAE R ARSE T A 2k 4l R
TNF-a F1 IL-18 FIBEYENIX 4 MD F1 VM 193 1E
YRR Y, 5 RATH 585 R — 52, L
NF-kB 2 TNF {5 53l % K 4 5¢ R E K 778 MD
VM g BEALH Hh BA B AR

CXC # AL FHAA 10[ chemokine (C-X-C motif)
ligand 10, CXCL10 | & —Fp RIEM G+ /A T
MR, 7214 2 A B G fe P i Rk
CXCL10 "] fE & MD (& M 5 K . CNS /)
B2 I A B 3% AL 48 hin CXCL10 Y3k, A B R
i A0 M ¥R, B B IR AR 9E CNS Y R E IR
CXCL10 B35 38 % 5] NF-xB 3l #% 11 A 56 4%,
H 4 J& & H W§-9 ( matrix metalloproteinases 9,
MMP-9) 3= % )y il J2& 24k 35 40 Jifg 0 3 R 50 25 %445, 1
T SR B AR RAEN TS 5 ARG RAE
FLI ) MMP-9 [ {2 A7 AE T AT W E ot 2845 o 22
JC N BN A S F 40 R, MMP-9 #£ MD i
I IR LR AR /N B P B 3k B MMIP-9
FIREVE R MD WEAE R AE WIAR 8 , X 5 AT 58
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1o, W MMP-9 1] 58 7 i Sk i ke SO 7R T
REEAIC MMP-9 (1635 7K ¥, T s M ke ot 7374 1 5 |
AL A LA B B b 405 BT AR L BE ] TNF- IL-
18 .IL6 .CXCL10 1l MMP9 H.A e 4 4 ) v F#1E
5 MD F1 VM S B AL A E

GAS AN REHE = ik 1L 37 2 , 36 4038 /NI i T A
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TR RE I 2 R AR MMPO 3K K SF 18171 i A 57 e 38 375
£ B VEGF ik, {2k i 48 Y . GAS
AU i PR 2 T P o 40 M 0 /0N e o 4 38 0%, AR AR
R 9 A B RN A0 PR 7 2 15 7K T Wk A R E AR 7S % At
VIR, RAE M 2R E I flin, GAS B8 i
i NF-kB \TNF {5538 i K A G R A% K F TNF-a
IL-1B IL-6 IL-17 S5 %k K L4 /E P . GAS
X 7K 38 T AR A R el R i oK etk
B ARG B MMPY A A i Sk e T
RIRFERH A B 45 A8 1 . AR 14
P4k WAE 52 GAS 5 TNF, IL-1B., IL-6, ITGAM ,
CXCL10F1 MMP9 ¥ —E 45 & 8 1, X ¥t
GAS Xf R LR AT ¥ 3697 A, v REXT MD
VM Gl 5 RE R BEHL IR IR T VEH

WFFE SR BRI 7E T DEO B4 FE AT & 45 1 B %k
Pt AR A /D A BB i ISR S PR FR 3 AR X
IRGRIL G5 R AT L IGE, T LA K X MD
VM [ 3EFIR I R I AT 0T 5T, T AT 2 IR
P 13 UL ) B 1 R 8E RE RN R AE , T SR EAT]
L[] g BRI . b TNF IL-17 I NF-kB {55
i AT REAE L R BEAL R th R AR . MD
VM #0353 A TNF IL-1B . IL-6 . ITGAM ,
CXCLI10 fil MMP9,, KRR fi O IL ik 5 R 45 &
AE 1458 | AT fEXT MD Al VM 2 o A 1697 i
J1 EARAMSE .
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