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Abstract

Objective: To analyze the differentially expressed genes and inflammation-related genes and related
enriched pathways in primary insomnia using bioinformatics methods, and to further explore the
relationship between anti-insomnia drugs and therapeutic drugs through the co-expression network.
Methods: GEO2R was used to analyze the differential gene expression of primary insomnia micro-
array data screened from the database, and the intersection with inflammation-related genes was
taken. Ontology enrichment analysis and functional enrichment analysis were performed on the
differentially expressed genes. Protein network interaction analysis was performed using String da-
tabase, and the key genes were obtained using Cytoscape software. Finally, the key genes were
aligned with insomnia drug-related genes using the CTD database. Results: Compared with healthy
controls, patients with primary insomnia had 2382 differentially expressed genes, which were mainly
involved in biological processes such as cytokine-mediated signaling pathways, response to bacteri-
al-derived molecules, and response to lipopolysaccharide. Ten key genes including IL10, CCL5, IL18
and IL1B were screened by protein interaction network analysis. Through the CTD database, six key
genes were found to interact with melatonin, including CCL5, CCR7, IL10, IL18, and IL1B. Conclusion:
There are significant gene expression differences in the serum of patients with primary insomnia,
and the mechanism of melatonin in the treatment of insomnia may be related to NLRP3.
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1. 5|15

JR R A SR iR (Primary insomnia, P& — Rl AN 52 FAdBE « kS A [0 B 24 400 1 FH 5 R 3 5 il 1) 2 IR AE
o ImIR b, B HE R NHEN AE Sy B el R DA KA DL N BE[1]. AR IR AT 0 2 T A 1) 45
Bor, WEANBEFEE PIRIEIEE 45.5% [1], X — @l S T ARk P2, I E R
FW, JE T W bR SR BE R T--a (Tumor necrosis factor o, TNF-a). 42 1 (Interleukin 1, IL-1)F1 9
Jr% 6 (Interleukin 6, IL-6)55 (3214 5 PI (1)K R # VA% . Opp MR [3] [4] [5]f) 2 /e SCE R 4 IL-17E
S 2 S BG S ) A X s AR R B, 2 3 n kPR 2 B AR (Non-Rapid Eye Movement Sleep, NREMS) ] i [ ,
MAE T 1L-1 324 FE B A s> 236 5h 0 1 NREM BERRI 18] . 0L 5 8815 % 5-F iR v 4 7t [4]
Jooy-B AT RBEMA T3] K. Irwin [6]4RH1, ZHELE T HUSVERR T SO0 Y R 3 7 S A7 72 I (4 5 S8
IR R A B AL WG IR SRR 1S VA R BRI Y, 2 I R AR 45 A R A IR
SOESNVERERT, =FH B BCEIENEIN, BEMIEEE 7 HUE 20 SN, 45 R G R AE(CRP. 1L-6 Al TNF 7K
) A AAE (S AZ A I AR 1L-6 A TNF) DA SORE R 5 id ME(NF-xB AT AP-1) T 5. BUJi 35 S0 0% B 1%,
B 1 BTN LN . THL 4IA A S4B IR iy IL-2. IL-12. R4 R PEiCIZ T 408 F4AE, 1L-10
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HKPTRE[7]. HOE BER R MBI B T 2035 PI R E SOV THE AL, TEREXTB IR Pl R B RE M.
UEAk, I 5 AR AN AL 2 B (0 TV e M KB (4 A B D PR R A0 L s SR 4t 1 (LA A i il
o WOARWE T BAEFIHAGE B0, IR RIBES . TIREE £, String B #2655k PI 4%
Ly JEAN SR [A], FFAIH] CTD Hodle e K St 2 DN 5 SR MR 2 A7 S 2 R #EAT DL BC, AN SRR 259 B A
FIALHBIHTE TE S LA -

2. EREH&E
2.1. GEO ¥R EE IFi% X A iEHE X F K EL

% GEO #u¥a % (http://www.ncbi.nlm.nih.gov/geo) fFE AR &R IR, fa 3 A # A ISk 2 2023 4 10 ] 31 H
Pl A EIESE . GEO Hudls % (K46 % X v (Primary insomnia) and (randomized controlled trials or RCTS).
PANFRUECLSE: (1) DAACABIE TN R, ATFR R TE R A o S SO a8 5 5 s 2 0 P 0 s (2)
PWEME 156 ML) EEERANERAFEA . HiadE R 1) F—RopBaRiEE; (2) W7pHsA
R LR AR B il B S K IR R s () TR A A s R R A . AR T
ANFH IS H B T i £ F 3 GSE208668 4, -5y GPL10904 Illumina HumanHT-12 V4.0 expression
beadchip (gene symbol), £ J5 & M IR B 17 1], XFHEZH 25 6] Mo FRIMESE 2 T 3R 200 AN 980
A% HE K (GSEA|MSigDB (https://www.gsea-msigdb.org/gsea/msigdb)).

2.2. ZREF( DEGs)HITHiE

{8 F GEO2R 7£4k T.H. Xt GSE208668 %4t 5= 111 P1 &35 ML A AR Xt B2 TG S R Ak B 2 45 N\ LR
AHEAT ZE IR 0HT . 28 AR 0% 262 9 [logFC| > 1 Al adj. P val (adjust P value) < 0.05; i 3 i
4343 Mt (Principal component analysis, PCA)4iIE GSE208668 H 44k 11 5 2 1, e Jm b i (1 25 S 3 R 5
RAEAH CHE R AE R Z ST Pl 1 3L3RIA 1) DEGs, FIH il = 2= 2 B Wik
(https://hiplot.com.cn/home/index.html) & 3 A {5 X 3k (http://www.bioinformatics.com.cn/) #E AT AT AL AL .

2.3. EEAFEREESI

FI ] Metascape 4 F (https://metascape.org/) %t DEGs A% 34T 3 K A 4 (GO) Al 5t B3 K] 55 FE PRI 20
B4 15 (KEGG)EEE M1 & 470, GO 4-Hr e H&4H e 4> (Cellular components, CC). =471l #2(Biological
process, BP) 14} T-Zljf&(Molecular function, MF), EMA AN AZ, P <0.05, EHELEEFMH LEBEL S
22 K| 3k (https://hiplot.com.cn/home/index.htmI) i3k 47 %48 7] 44K, «

2.4. BAEIEML(PPI)KYZHI

Hah A\ 2 String M3 (https://cn.string-db.org)#E4T 8 A BAE 0T, JF I ERIREEE > 0.7 KA F
PASRAGAH OGS A o
2.5. BuLEEERNFIE

B A HAEMZE S FE A S\ Cytoscape 3.9.1 #HATHI#4LALFE, {# ] CytoHubba f#f4 7+ MCC %
¥, ik HEA BT 10 A7 A% O IR

2.6. JRTTHYITHES

CTD #4852, 4:F% Comparative Toxicogenomics Database, b %5 75 B (R 2 2 Hcd e o o a0 3t
AN CTD #di e, 5 H AT W ARERIGTT 2540 KRR HEATUTIC -
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3. ARER
3.1. DEGs %

T GEO2R i#E—2PRH14#T, Pl HitH 2382 MEFIEE, HAaHE 2002 4~ LA RE 1 380 N T
FE, H b ERTAL (A 1)), FH BT 2 RS R RE AL (A 1(0). [FIRS, PCA 4r#rah R
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Figure 1. Results of analysis of differentially expressed genes between healthy subjects and Pl patients in the insomnia da-

taset GSE208668
1. SREREIEEE GSE208668 HEETINES PI EXESRIEAERNTITER

Up-regulated genes Down-regulated genes

375

158

Inflammation-related genes
Figure 2. Inflammation-related co-expressed DEGs in Pl
B 2. PI R RJEME X 3RIL DEGs

GSE208668 %M E I M RIF(E 1(c). 5RIEACHERFERZEFILIFIRH 42 AN IAEMCILFRIA
DEGs (K 2).
3.2. DEGs X547, PPI PMgiE RSB ERATFE

FIH String11.5 B EHAS PPl 4. 4550 % 1, iR KAEAe L3k DEGs Z [a) 4776 A EAE () 3),
HAEANREE TS, KRR, Pk, ¥EA TIEMS S Cytoscape3.9.1, i ]

DOI: 10.12677/acm.2024.142447 3162 I PR = 2 3t


https://doi.org/10.12677/acm.2024.142447

EM,

CytoHubba 4[] MCC 532, ik th#F 4§l 10 A2fIA%-0 &K 2 1L10. CCL5. IL18. IL1B. CD69. CCR7.
ILIORA. IL7R. CXCL9. NFKBIA.

PTGER4

| PTGER2

s

LPAR1 CD55""”"'LY6E

Figure 3. Protein interaction network of differentially expressed genes associated with inflammation

B 3. REMXAREIEFEFNELEFMLE

3.3. REHEXHLERAEREREW GO M1 KEGG EES R

FOEMRILRIEZ AR GO BRI R, WK 4, EEW RAME 703 1015 5.
X A B SRV 71 B BN IR 22 B I SOBL (R ) s BOBEAMI . AN A SRR (AR ) s
SRR AR TR TE . R ARIEYE (O TIIEE). £ KEGG & 40 Hh SO AR S 22 7 Bk B =
T LA T - g T2 A AR R R A SR T R 2 AR AR C AR
e S RUNEREP

34. XERERASEKRERGTHYEELERERTESR

KT NAENLHAR T KRR AR AL, K B Az O R 5 RIRIG T A4 R — R 2. ER A
FLR AR R RS CTD s bt AT b 45 R R B, SHRERA 6 NMERES, /7hl&: CCLS.
CCR7. IL10. IL18. IL1B. NFKBIA, ZH WA 5,
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Figure 4. Functional enrichment analysis of differentially co-expressed genes associated with inflammation
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Figure 5. Venn diagram of key target genes interacting with melatonin
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4. g

JE RN R IR B TR EN I, anid i EE T RAT DR I A B, XA TR A ThRE
HERL T P H A, RN T S ORISR A B XU [8]. [RIL, A R PR IR AR BN 24 1
WEFLI . SRTM, AT M ANTE 2 P AR AL, (R IR N S P RS HP X2 R GE I 28R AT 5R[9] -
SR MR 1 0 9 IE M 5 T3 AN PR 5075 (1) XU [10], [RIES), N ZIAE R 4 LR R 9 I T e o IR AS I, e
MR PR A 85 S T RE W] BB AR R T, AT BB AERE I, HR PO B S N o TR ER A 4 1 32 9 Ak
PRSI ) NTE 25 5 tH DU RR 7] /[ 7] Irwin $&H, 5000 5 3008 1 45 B JOE 1) DR R R SR A TE RS (0 B 48
AR R A 2 g AL, WIRPR SAESR ;M2 RN B BRIk ), 2 it R AR 45 H MERHAR
SOEELEIERG, = E T BOEIEIGRE, #EMARHE 7 WA SRR R, B35 2R Gt #5E(CRP. 1L-6 £ TNF 7K°F).
0 S RE (AR A 2E IL-6 F1 TNF) LA SE e i PE(NF-«B Al AP-1)FHi[ 7] FEIR IR T D& 24470 %
T-F5 A AT B B RS 10 B3

TEARWEFCA, R DE Pl A SE 2 R BE R Ao SRR A(E B2 TRMSG 057k, Wikl T
— B SCERRBURIE R, X EEILRITE P BRAEFIR R E EEAEH . X R T IR T
PIEUmR LI IR, JFATE RO PLIRYT I ik it | — S s BB . (HAVERMR, AP AL R
B D IR RAIGIE, CAEIFHIAR S P IRIRIATT

T EE 4R GSE208668, 4R i, Pl 42 RN 3k 2382 4>, Hoh FiffJE[R 2002 4>, T2k 380
AN, IR PRI & B2 A A SRS R . 5 RIEM I RS 4 J5 LRI Y 42 N JOREM
KIFIAZ IR, H B 36 4>, NRER 6 A~ AWFsul i@ E [ EEML, o Lidzsi
FERIBET T 08T, Ik H T 10 ASOCEREEA, 'EA143 )2 1L10. CCL5. IL18. IL1B. CD69. CCR7. IL10RA.
IL7R. CXCL9. NFKBIA.

HE—PXHX 10 MBI RAT & 00T, 45 R ERIX IR 3 B 5 7 A5 005 5. Xt
B SRR 53T 1R SN LA KT T 22 0 P s 7 45 B B AR )T B . A, X SRR DR IR T4 R PR R A
WM ERE RS, 150 FIIEZHE b T2 RBP4 PR35 P 0 G 52 A4k
PG H IR, RIS R0 7 - 40 H 732 A AR A iR B S A R T DL R A M R A2 Ak 1)
MEAEA, UK C RBERZIRG TIEIRESERA. Ko tREZRERN IL-10 2 Ml th2 B T
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UM, ERRAEM . AN, WORANME. rhYERIEE . IER4EME. RERRVERIZEME. BARREA[1L]. D
FE SR A P [ 2] A0 O I W [1.3], 28 F R 0 [ 14] 72 A i 22 RO IR - IL-10 Zhfg Tt E F T 2 Fhan
L, BATZRPiRaEE, BN 1L-10 #0HI1E 1) 3 2250 A [15] . fEEWRAAE R, IL-10 =24
%A1 xB (nuclear factor kappa-B, NF-«B)EHE [l 1 ZEA SORAIMIATAE R A0 b, AR PR 1Y
[X¥-(interferon regulatory factor, IRF); 7E 1 PRI AL, IL-10 AL T-15-F T IRF iU FA [R] 240 ] NF-xb [16],
17 NF-rcB 175 14 B HER PR A5 5 M1 11 8 . 208 0 56 PR 3k AR 9 B AH DG AU 1R 43 74 [17]. Sz, 1L-10 38
TR T SR AR AN B R T A S AT R B s s, ATTRELE T A0SO A RO (18], WE AR, IfiE
e B FO A/ ) I B AR 40 M B IL-10 82b, T IL-10 041 IL-1b. TNF-a Al IL-6 (72 4E, X ARG »f
AR 2 20 M DT -1 7 A= PRI A2 o T Bk s B0 26 B8 RS 1k SRR A [19] e AR/KF 1 1L-10 AT BESZ A IR0
B iR BRI T, Y5 1L-10 WREEHG, HERR T S ZE[20].

it — 0 IR X S8 AR R B L DR E 2500 7 P an AR L iy, JRA Tt — 204 Bz OB 5 2R RYA
JTMIR R, JER RS MR R AEA M SEAE CTD Bl P b B AT st &5 R, AT 2
(LR A 6 AN SHE R A G E E B . BB R(N-OBEEE-5-F LA, MT), 2 —FPeasiR
T, AENE AN EZAERS FARG B PR 5 718 5548 B = AL [21] o DA A ol R 22 1 19 AR
A AL ERE DL RN @AS, H— 2@ A X EAZ AR R 3R 2 A o A0 DX IR PR o 28 2 A ) 21 2R
SRR, RIS B AL B TR e IR AZE X A% (suprachiasmatic nucleus, SCN), 7 MT & 1k,
BOEAL TS X FR B2 AR MTL I MT2, a1 i S BRI A A2 [22] . MTL = B4 & o0iE 3l
VAITRERR ;. MT2 U 3= 22455 SRR 7 R 2538 [23] . e R alid fEma iR N -2 25 T 12 (gamma-aminobutyric
acid, GABA)I & &, & T HENR 5 5 BE B BVE I [24]. LA =y 5 MR - e BRI A2 19 R AT
WS RAFEIE H GABA HHZTTAIR, GABA (13RI 75 1 3G 28 T Fr o R0 i = 1 i o B2 5 A 4 81 07
R BIRAE R [25] AR, BOREZ PRI, By T ERMER A, BB RIIPTRIEAAE 2.
A EE A T R R VRS R TR EE AR AR ) 1 I OR, MR R T 5 sh b — BB AR F[26].
Ao A 2 T3 R Y A A ) B DL R s 4 I R - 3R AT B A S R R [27] .

AU FEIEIE CTD ¥ e A AR R 28 PR AR EL A FH 26 DR i SR P2 08 R I 10 AN R ILRIA L[]
H6ANES, 4%l CCL5. CCR7. IL10. IL18. IL1B. NFKBIA.

AR FRCIR 5 (CCLS)ZELA T2 —, BILAT T 4ifu I FI 0, EBEIEFIKME RGFH K
FEAEF[28]. W FE R BH[29] CCLS 7K-F 15 iR ™ B FR FEAH G, 7E 12 1 SR AR FEhS 2 h CCLS /K-F-BH S A%
A, CCLS LA AR A ¢, AWt RN Rk PRI 2 P IK CCL-5 BY#IA[30].

22 b 47, 925 240 i U 8 0k ) 3244 CC #&L K 7 7 (CC-chemokine receptor 7, f&i#k CCR7) M HiAid ik S 5%
TS0 M R 70 2 03 PR RS SRODR 4 e ek R 45 #2 VA B I A2 [31]. I/ 3 10 324K a (Interleukin 10 Re-
ceptor Subunit Alpha, ILIORA)ZA: R4 5 i 8 11 B2 FA IR/ R 10 1952 fk. ZEERAESg B ST IER
SRR B OHE AT 3 AR 2 10 B S IG5, AT SRR 5 I R 1R A e A% A
T xB | A+ o (NFKB inhibitor alpha, f##8 NFKBIA)Z#%F - «B (nuclear factor kappa-B, f#i#x NF-«B)
SR EIE T, SR RMBE TR, SRR NPT ERA K. NFKBIA @it
NF-«B (455 - B MIR TR - ORI R AR NF-«B I 1E[32] -

SRS G 5 B HRE 2R 8 1 3 (NOD-like receptor protein 3, NLRP3)AH 3% 1) 25 .55 1 48
{2 18 (Interleukin-18, 1L-18). 5 T-AH < HIBE fUF: 25 1 (Apoptosis-associated speck-like protein, ASC)
2 R 1 R 24 ZUBR B 1 /K iR i (cysteiny | aspartate specific proteinase-1, caspase-1) [33]. Caspase-1 &5
KA TE TS PRI AR B IL-18 F11L-18, R H Ak 9l AR R RETE s A TR X, IS 5IRRIE R
MR A[34]. A FEIEN] NLRP3 72 2R B i Rk g hn, I B2 WL RERRHS (B . P2 i B ARG yak /> R
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FBALIE NS NLRP3 M9G8 (H30E S IEASS[35]. IX AT A8 A2 i 2 BRI A2 AP 4 R 40 IR N2
U EIREAKE T, R4S R R Be 2 AR RS A% K+ «B (nuclear factor B, NF-xB) /5 I 4 JiE
5T IR BE NLRP3 J8RE/MA[17]. — TG T SRAG M G 8 BRI 25 G 8 R IR S 40 M IR 7 2 A5 PR (it
FLUESE IL1B 5 AR AL BRI A AR A7 E ARG, T Krueger [36]H45 H 1L-18 BAG BRI A 154RF1E, W)
RESG AR PR IR B HEAR . PRk, NLRP3 58 /MATE SR HIR A 38 3Rk 4 0 mT 58 A2 38 R RS 28 A 42 2R
G5, A S R RS SRR % R T 1B (nuclear factor kB, NF-xB) /15 ) 4 RE (S 5 38 i SEFL Y ,
T 48 B 25 A] 40 NF-«B 15 5B BIEAL[37]. HF: NF-xB @48 4h, 22 HIME 1wl BB 2% 2 A Bk (1 ik 35
i /DN BRASE AR, TIE ST AR B 3R P A i 1 1 4 L 7K S AR L L 2R A R TS 6 K 14 DNAA SR B NLRP3
RNVEARIEIE[38] 0 £% LATR, AR B 3R oGE MR AR FHLEIEE B it i, (R 75 nl il id 75 NLRP3
RPERTISGERIR, P3R5t .

ASCEISEDE BT, TR 25 Pl SOEIRIA 2 R R, 5838 7 IR M I HIR 28 DR 1) 2 )
2, Hop IL-10 ZRERIA AV . HIEH NLRP3 2 75 A/ i B &K ol 2L MRH /e AL HL. PLRIR
MU 2, St IL-10 K ILATREM KA @ BGEATIR AT, AT CAZEIRYT FEAT W, DARA 2 45 5 IR T
& REA R GBS o A AE YIRS BT R RE RS IR B B R e R A S AR I R, REE I
AR SGIE AR BIIRIT RS, AT PIRER AR T B MR ST S B85 i 77 )

SE K
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