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HIt: AW70E SR G BT B2 IR R B (AD) IZRRERAE S AE VbR &8, I
M5 4 U RNA (ceRNAD RFEMZE, PRITERLART) RERRASIE AD E R HLHI .

Jitk: M GEO #idla RSk 6 21 AD MU Fr #idli 4 (GSE109887. GSE132903. GSE118553.
GSE63063. GSE120584 1 GSE182910) , 4% MitoCarta3.0 LRI FE R4, @it 2 F R IE 7
A RS R 3R K X 245 3 BT i i AD AH 2R KA L DR . FI| FH DAVID #04 2 34T Th A% & 4643 9T, STRING
B FEr i A P EAEM %, IRl I Cytoscape #I i B AXR AL K] . i3k — 2P id i 52 i AR RAE i
4 (ROC) fikxt AD HAA— & %5l Ae /LR, F#F|H PSPHunter S AT FAAH /> B 6 /). 1@
i G B R S T AN AR BEALAL (MR 2007, #8752 MRS AD K&, IFJET DsigDB %4
G I T AESE 254 &1 %) IncRNA . miRNA Fl mRNA B¥E 85047 2 F Rk M, JHEkifki oz
FFIE mRNA #1475 E 00, #E—PFIH LASSO [Bl)§f%E 4% 0 mRNA, 454 ENCORI 4k 1% 1l
miRNA ] mRNA 5 IncRNA HAESENR. fefa, XFHillgs Rt 785 5041, R Cytoscape HAF#4 4
ceRNA 25 37 14 S B 73 X7 o

55 Ik 6 N AD ZRRIAAHOCHEE R, H % B[R 2 (8] 2RI BGR A . £ ROC HIZk 4>
#r, VDAC1 (AUC=0.655) « TOMM20 (AUC=0.644) . CISDI (AUC=0.634) 1 TSPO (AUC=0.640)
TR BRI B —E % aEE )1, H VDACI (Prob=0.797) FBILH 55 i H - 1UFH 43 125 151
A A RERE TR, AR RS S A A R SORGE AT M1 E R4 B A — 52 BAH G, MR 4
Wrid R 1 37 P e 4R 20 5 AD [T TE N B OCH(P<<0.05), Jud & 2 R 28R 41 s £ 2 (CD62L+
P IERAN A - CDO2L- 3 41 i BE B SR AN - CD86+E R SIRZT ) 15 AD 775 R R 6Bk (P<<0.05);
DsigDB ¥ e %5 tH 7 T 5 ZoRi MK 20 B R ZAH G AL S ). 7E ceRNA J7 1, JlId 2 7 3Rk 5
Hrifiik th 1964 4~ IncRNA. 667 > miRNA 1 59 MERLAFHE mRNA, #F—FFH LASSO [H] 5§
% 10 MZ 0 mRNA 5, 25T ENCORI B4 FER4 2 715 11 D IncRNAL 7 DMERLAAH ¢ mRNA
5 16 /> miRNA 3t 32 /> IncRNA-miRNA-mRNA X & BAEXS, FH XIST-has-miR-30d-5p-NDUFSS
A1 XIST-has-miR-214-3p-NDUFS5 A% .0 if#Ex, 7] AEiEd miRNA % NDUFSS 1314 520 £ K
Ihfe, MR AD BIRAEKR .
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Abstract

Objective: This study aims to explore the mitochondrial related biomarkers of Alzheimer's disease
(AD) using bioinformatics methods, and construct a competitive endogenous RNA (ceRNA) regulatory
network to investigate the mechanism of mitochondrial dysfunction in AD.

Method: Six sets of AD related chip datasets (GSE109887, GSE132903, GSE118553, GSE63063,
GSE120584, and GSE182910) were obtained from the GEO database. Combined with the MitoCarta 3.0
mitochondrial gene set, AD related mitochondrial genes were screened through differential expression
analysis and weighted gene co expression network analysis. Perform functional enrichment analysis using
DAVID database, construct protein-protein interaction network using STRING database, and screen hub
genes using Cytoscape software. Further screening of genes with high discriminatory ability for AD
through receiver operating characteristic (ROC) curves, and prediction of protein phase separation ability
using PSPHunter algorithm. Through immune infiltration analysis and Mendelian randomization (MR)
analysis, the relationship between immune microenvironment and AD was revealed, and potential targeted
drugs were screened based on the DsigDB database. Perform differential expression analysis on IncRNA,
miRNA, and mRNA datasets, enrich mitochondrial related differentially expressed mRNA, further screen
core mRNA using LASSO regression, and predict miRNA mRNA IncRNA interaction targets in
combination with ENCORI database. Finally, the predicted results were integrated and analyzed, and a
ceRNA network was constructed using Cytoscape software to screen for key molecular pairs.

Result: Six AD mitochondrial related genes were screened, and there was a strong correlation
between each gene. According to ROC curve analysis, VDAC1 (AUC=0.655), TOMM20 (AUC=0.644),
CISD1 (AUC=0.634), and TSPO (AUC=0.640) have certain discriminative ability in independent dataset
validation, and VDAC1 (Prob=0.797) exhibits a high tendency towards liquid-liquid phase separation;
Immune infiltration analysis showed a certain correlation between hub genes and activated dendritic cells
and M1 macrophages. MR analysis revealed a potential causal association between 37 immune cell
phenotypes and AD (P<0.05), especially multiple dendritic cell phenotypes (CD62L+dendritic cells,
CD62L- plasma cell like dendritic cells, CD86+myeloid dendritic cells) with AD (P<0.05); The DsigDB
database identified 7 compounds significantly associated with mitochondrial hub genes. In terms of
ceRNA, 1964 IncRNAs, 667 miRNAs, and 59 mitochondrial related mRNAs were screened through
differential expression analysis, and 10 core mRNAs were further screened using LASSO regression.
Finally, based on the ENCORI database, a total of 32 IncRNA-miRNA-mRNA interactions were
constructed, including 11 IncRNAs, 7 mitochondrial related mRNAs, and 16 miRNAs.



XIST-has-miR-30d-5p-NDUFS5 and XIST-has-miR-214-3p-NDUFS5 were identified as the core
regulatory pairs, which may affect mitochondrial function and subsequently impact the occurrence and
development of AD.

Conclusion: The study ultimately identified four mitochondrial hub genes (VDAC1, TOMM20,
CISD1, TSPO) as potential biomarkers involved in the pathological occurrence and disease progression of
AD. The phase separation characteristics of VDACI1 provide a new perspective on the pathological
mechanism of AD, and hub genes may affect the pathological process of AD through the immune
microenvironment. Key molecules in the ceRNA network reveal potential pathways for non coding RNA
regulation of mitochondrial function, providing novel candidate regulatory axes for the molecular
pathological mechanism and targeted intervention strategies of AD.

Key words: Bioinformatics; Alzheimer's disease; Mitochondria; Hub genes; ceRNA
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BT IR PR HEER 7 (Alzheimer's disease, AD) M FREFEMEINFIFRATAE, & Fhiii bRk
993 DR A BH 10 S R 1 3R AT PR R R I R AR A 28 R GUIR AT MR o %5 LA 4E BN R Th R
B 9 EARE, AERBIEICIZ RS FR . B SRR (nkik SRR . 23
HHHBE IR . AT D RESZ 40 A S NSRRI U S5 IR SR I, B bR I H W5 3h DR
BEERAL, B IFKMARE I RGURER SAT w0 AR B AE R A O i,
TR 2RSS, ZHEEEML)E 10-20 FKE DRk A EEER T, &
AN 2 KRG ROAEFEAE A ME P, R4 (World Alzheimer Report 2023 ) JitAT79 %
B EoRB), AR AORE B BB C R 5500 73, Hid AD /i Eik 60-70% (£ 3300
Ji-3850 Ji) o fAtFita i, BEE N LSRR g A AR ZE AR CRE PRI AERESE)
DRSS AT ZR R, T 28 2050 44 BRI RAE S8 # UL O 22 1.57 12, H AD IRk
T R AR R TR, REWEN N DEREE R E R —, BlfF AD &
11000 J5, T2 2050 4B E HCEZETE A 4000 J5 L BB [FES, AD iR B 7
HE B EAIE K, A 2015 482 AD MRS SCH 2k 1677.4 143678, & 244 GDP
(1) 1.47%, SEETEIRTFEAT (1.09%) . B4 AD BFEWIGIT AL 19144 %
JG, X —HUEA DG BB R O IS B IR SO, R T AECE KR
(15122-17483 3£ 70) 10, £ Bk, AD AMNZE B3 5 Rt LT 2 1) & O A 5 4 5F
JE77, HiEE RGN BRI IR VE AR R ZI s R B AL 2 BRI AT - BEERIE A 24
BN, AD CUZH kN — T IR I A 3 TARBGE, 38 U] 75 B R )
S Wik R AR R A BBNEIT Tk

AD BRI FE B A B ERE, HEIARERIEA S, HREA MR R, 25
A5l e W) AT S iC A2 o oy R BRI, B ARl R, R ERE T I B dE I A 12 T
REREIR . PATThRERRRG . AT A AR e IR A B A IR AT IR, 24
T, T R 22 00 1 AR T R e A 8O0 i R IR e VR T 70, XA BT X
3 FEM L] TR NI T, DA 8 SRS HE I 302 WAk 2 RN St B I T TS, A AD iR
GENTRER:SPNR

JRERZ EFN AD BT TIRABEGL, (BHRWIGEIIARTE M. Bif, AD M
BRI R LR D X A M S BUE M FE AR (Amyloid B-peptide, AB) = YA E] K
P12 4-PE (Senile Plaques, SP) , [FR#HZ U tau &% I EEWRER LT BT 48 S 41 4
2%k (Neurofibrillary Tangles, NFTs) 7, J&T Fdyisibrds, HEiEEM K% OB
HEZE——ABRIB R UL 5 tau B H 3 W BERR AR UL . 72 ABCUi Y, TERFERT A E B

1
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(Amyloid Precursor Protein, APP) 253 BgUI™ A1) AP Ik, FARS M T BUOLAE
HRX PP RGOS R R o X B0 B TR R A R E e R, LSRRI
AP BOE BT AN B AR SR A R FE A N 5 T R AR Y
tau A5 Ul SR, A PDIRES T 45 S U0E 4E R B RS E MR tau 2R, FER A
WAL, OIS, SRV DI RE I R NFTs, & SFEIE 25t
AR AN R IS AR RS , 91 KM A TTIRAT IR AR, kAN, SR dnifirE AD HAJm L]
W EE HEA O, — 7l ABMZERF MRS KR ER, o5 —J7 T RS IR
I KA SIERM A Teifi. WEFTTR, PAXIRE RGN TN R A% 0 G P A
&, FLDIRE R R AL 2 R R AL IR ABBEETTAR RIS 2 R, BRBh A 48R AT 1 AR 11,
SR, PRI EL AT 78 B, BB AR DI RE 1R H AR I 20 23 b i A7 AE ABUTARIL S,
H IR E S e AR B o W A DGt s RIS, BEXT ABIEFRAN tau £ 3 BE R AL A | 1)
it AR TG 38 A BUAS U7 250 o DR, FRAT T3 17) 75 25 A A 2 2 A PEAR R R T AN e
AD W75 BOBTAIE 705 S0 B R M AR D) RE P xX — LS. IEdE R, AE
AD J5 BBERE H , 2R SE Ky e H R RE R AR PR RS 1) Y IR T ABUTAR 5 NTFs TR 2
RN E A2 TeRERACE I AZ O i A%, FLDhRe b hG v) pe i S . B s 4%
B, £ AD AR IS AE &I GR B R U3, XS8RI N RIAE G BEAESE . TR ALIG
J7 7R T R R T 1)

ARLAE N EAZ AN N ) Re A AL, LDl R G CU IR S A 4 R AT PR G 3
5 AD RO FEALH] . FL7E 2004 4, Swerdlow A1 Khan i $2 H T 2R RIAR B4,
ZAR U TTEE | APH tau B H /2 AD EEIRSN IR, T2 R i 1L RIS 5 I 4R
KA DI REFEAGE AD WO E R o BB AR H, HIsE 5 B JUE B B fb ki fA
e, EESHEFRILEIEAT, Wi g NHES) AD KR, 2R AT RER R
AFAEBER, ¥ FE ARRE RIR . tau 55 H IS FERERR (LSRR 1 O8O, T X g 2
PRI b2 R AR A I K Ak R P T AR B A8 B A 1. AR TR RN, FE = E R
AD /NS RLFR BE LA, R AR X 5 SR DR HE 30 6 B A QR R P R AR 5
EUIE TS, HIXLEpAe BT ABREHTAN NFTs (I, A JVEE T ZehifA ) fg
FURAE AD FI A R B R RRAEDS), PRI, SR bR D REREAS IT BEE AD R AR
Hh i 5 H IR 078 BEASAE , 3 S SRR RS A B NI KR B 2 bR B AR T R
WS B 7 1) o

B & ol E DT HROR IR, SRR AR 7T Dt N RS IRBIIAX, A ERBH L
MR B R R I 2 48 H 78 ds . et B L= 5 RRZ2, s R OwE2
AN TS PEAR 22 - 26 B E LA WHOR /5 B bl (National Center for Biotechnology
Information, NCBI) {3 [K 3R 1A 454 54 % (Gene Expression Omnibus, GEO) 115 R
MG BT ArrayExpress #4135k PR 28 HOd A7 i 1 1 Bk 0 2 07 i 26

2
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FIBTEWF 70 £ S E L R A K1 (The Cancer Genome Atlas, TCGA) USII| &% T3
Bt R 22 20 R o X ST SO S AR S B A P i B A R AR IR AT
IREEAZH, AR 7AW E BN TE R R, B3N 7 ARt s, ~
VRS 7 A R G0 AR ) S5 R T SR AL 1 DB B s 54 .

AR, HEHARAWEAE Ry, SafEgHa%E) , YR
OB NREAR BRI TR B IG K IR A 88, AL RSt o i A e fige iy
RGEEY)FRAE TSI H BRI T ST, BT 2 P 0 1) i il 2 2 o
M7 1 e g, LA & R 3L 3R 1k I 4% 43 T (Weighted Gene Co-Expression Network
Analysis, WGCNA) KPR K] 22 G2 A= 10 2 A0 A i e o) B T B9 %7V 6158 1t bk F
BRI AE AL T R AR A A, e LA B BRI 73 B Al R DR R 38 () B A8 SC IR AIE
ARG HAG A7 W LR i, B el BEIURFAE [r) & 5 R A SR [
KRS, 87~ o3 ELAF N 28 21 7 R A0 i HH K AR B8 A . AR T bl A 77V,
WGCNA 5 G 5 e J5 PR i 455 00 2% PRI R 2R PR AE, AEI S BB R R0] | DX 2 8 PRI T A
BT B AU IS U R T L R B AR A DR S AR 19 I R G A
HESE,

W JE 35 4 RNA ( competing endogenous RNA, ceRNA ) i 5 W 2% 52 &+ It =
microRNA N2 76 (microRNA response elements, MRE) )47 HAEK R, HAZ 0L
HIAETANF RNA 73 FiEd 5w 5 45 5 A BRI TN RNA (microRNA, miRNAD ith, 25
WA 95 5 A R R Ak KA 01, 1% R 4 1 AF HRE € RNA S0 M B, 1 2 R 15 15 1 RNA

(messenger RNA, mRNA) . K#E4EZiS RNA (Long non-coding RNA, IncRNA) . 3§
R RNA C(circular RNA, circRNA) Z£Z 1 RNA 43T 155 54 N IRAE M 4%, @itk MRE
N SR Z JZH . EWRBEJZM, ceRNA WSS O UESE S 5 I jed 18 TE #6572
O I EEAL AR B L AP A IR AT MR8 45 2 o B AR Y Ao, BRI 22 I A AL
K, ceRNA WHIEMLEIE AD HREE LR, Hilid s AR H IR tau 8 H 1%
PR AL S5 S B BREERR , IR AREMAE AD A% 0 BUR ML, B 78 & B, IncRNA BDNF-AS
AL B miR-9-5p Mg kR4 BACEL mRNA [FMIVE A, ket APP 54 b)%];
1M T 111% ceRNA 4l 2 2. 2 3% AD AN KITRE>). [FRF, circRNA FDMC #1iE 5538
I # % PINK 1/Parkin i #AHE ceRNA 4%, BGZRA B & A I ABIEFREY, 1X
YL LAY B 9ESR S RNA (Non-coding RNA, ncRNA) J#id ceRNA #Liil1H#% AD #%
CIRBR ) > PR, SRR 1% N 4% B A I S Ry e R TR A, R T X B B B
ceRNA HAER]REIE 2 AL 2T sl AT FUE A IE L — ceRNA %7€ 5 [n) 22 4H 7
FEE N L B2 250 M, B A BN ceRNA-2 A HAF I, RSN AD 2+ RNA
W N 25 1 2 SR AL R o IX Bl R G0 AR ) i A vE KON T 2 T I 2 TR RS HHEVR T 3R
SR TR AA
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ITAERFFE R, ZRRiAR T REAR G R ) R IA 2 5] ceRNA 2% 1) sh A& %, ik
P 2K 1 AT BEIE N R e R AR VD RE S L SR B A W R RS AL, HESh AD JREE
BEFERS, (R, ZRRIAThAERERS 5 ceRNA WHIE LR 1E AD Jp BRI AL A7 A2 S5 V) A2 HL
YER . W78 KB, circRNA FDMC 81 W B miR-188-3p, kRt PINK1 K] i 41
YEF, W& PINK1/Parkin 38 B (85 [ 2o Rk F R4, 7E AD B8, 1% ceRNA 4l )38
G AR SZ IR TE B, B> AR RIMAE . X —HUHHER T circRNA 8
TR BRI 25 7 AD B % . Huang G 520 % B MALATI1 38 i W it
miR-146a {2 i#f TLR4/NF-kB/MAPK I8 EA, HOHIZRifk Bk, FEmE oV, &
Ik MALAT! A]f#RRXT miR-146a FIFIH], o3t B WA 8 2R 4 I B A7 FE 40 ) 2R A
PE% (Reactive Oxygen Species, ROS) K4 . AD HEMA LI MALAT] Rk BE T
W, iR IA K MALATI i85 % it miR-30b F i CNR1, % PI3K/AKT 15 53814,
WG TR ARIE R N AN BRI T, R K E T, Zhou B 5K I, 1£ AB1-42
P30 AD BRI, ANRIL 3850 Wt miR-125a, [IHEYEAES 48 i 308 BE AR 22 25 A KA 5
HH, Mk ANRIL A] f#FRX miR-125a B0, MTTHISITE T D 28 5 e S L 3 i
ZEER,

B AD i EHLEIBE 7B, 5 ABRELB LS tau & A 5% R L B
TEfRREI0 5 T IR 7 T 24 P 7 T T e PR AR, (R AL A I 2 KRGS BEAER R
H AD BRG] R I 2 ZHRIERAE, HAZOAE T 8T R R B v FE Bh A G L
VER G . 15 i DRI 830 SR AR AT L 20 WL I A7 AE B 2 R B, e DA 4 22 B i P [
TERMAED AR . IR, AU EERH WGCNA ik AD o B2k 4 AH
RILE, Z5GZMEYE B IERI I FAE AD F Fpi BRG], R
ceRNA IEMIL%, 1230 IR A M 5% ceRNA 4HE1E 9 AD F-HAS W K7 RGEAk i AL
EVRREY), 9 AD BIREHER F SR AR T 1)
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E2E MRMFGE

2.1 Rz

2.1.1 EESRHREEEES

FEDAE A AR Dy i@ A I R, DR TS FE DNA #4778 € T3k,
He TR BANSCR SR B SE I IR A A o0, AT AP R RNA 3RIA1HE 5 DNA 45015 5 .
HARZORBAE T R IATRGE 1, HAT 2 N T REF DI 7T SImiz. 259
7 16 S K= DR 2 2 S5 AU

GEO ¥ i 72 i1 36 [E] NCBI @374 B3RS A SEIE I EE A7 %%, © 2000 4 B2k
PSR BN AE iRt AU AN AT Bl ik (0 AR o AR B PR B s A7 A% O 6
GEO i K 70 JZ R B 2 e L AEME S . BPRIRIE L& R EHA (Gene
Expression Omnibus Sample, GSM) il BANFEAR I W) AR IE 5 SO0 B, R RIA
ZEA B Y- & (Gene Expression Omnibus Platform, GPL) #2160 i 34T AR HEL TE RS,
FER R IE LGB I 251 (Gene Expression Omnibus Series, GSE) #¢4 SEI6 e E U M A
A R] ) IRER 20T, T 228 (R 3Rk 2 5 £ s 72 4545 4 ( Gene Expression Omnibus Dataset, GDS )
Y SRR S T 9T S AR O UR A2 . BT S N A ATE . GEO ELHESGRIUE a8 . drEib s
M ) Bo B i TR, S5 R RGA I FU p ] R VRIS T 6 B AR, NEYIE
TR TR M S A

2.1.2 KEGG #1 GO #iEE

SRS R 5 R H F B4 (Kyoto Encyclopediaof Genesand Genomes, KEGG) #{
P FE 2 B H AR 5 # K 28T R R 4 BRI AR W3 i B R PR, B0 T I R G AR AL A 1
MraEA s AR =) S 5 A IE S N 2% 1280 Rl B A R R . A
MR 755 2 2 8l W 7 as A e TAEEAE R AR IR B S S 5 e SR AT I
FEREENIAAR FR o AL 10 DR T e 8 e ) TG S I, S AR AT R AR DR B 5
5 A g b ) B R E AL A 1 K & SR

FEFIAMRIL (Gene ontology, GO) #ids EEE i [H FrIbe B2 447 (1) 55 8 D) Re v B4
7R, KHZETACSER N =AZ R R D Re: A7 2 (biological process, BP) 4
NN 2 5 I PR AiE s, 4T IhRE (molecular function, MF) 5] BF 22 (Rl F= 4 (1) A&
g M, 4z s> (cellular component, CC) A7 3 K] F= 9 i) MU 41 B 73 A 18 i R0
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ER=AR R TIREEREAS S, B TCE ANDURERS HE € L5 D P VDAL AH I A 10 2 [8) 20 A1 R
fib, SERE R GLi s AL B A BV 4 I DO e S B AR R &R

2.1.3 STRING ¥R

STRING (Search Tool for the Retrieval of Interacting Genes) ##& ZEBPME & i H.
TEM S R FIZ O &, @I E SR I0UE s . JeRIEWE M. STk ST YZ 4
HILTE AL T S RGE A R BREIEYS , M 7B S YA ) & B B D e BAE RS . 23k
I K AL 28 5 2] R il E AR S BT BAS S VA, T B B PO TAEH BUE 214k
PR, SCRERIE 8 G TR0 v T A5 B I A% o D RE A o LT #4430 A LI v sh A R Bk
H AU . 5 TS LA MNE R Rai R, R4S KEGG. GO %#E
PE IR P R IRTERE, R4S B AP B T A .

2.1.4 DsigDB ¥ #EE

2R S S KRR IE S 22 (Drug Signatures Database, DsigDB) 1F Ay 24547 3 [K] 41 2%
U R B PECY, By T2 B3R R RIS RHE S 7 1 R M 2% 0 A o 1808
PEEEG TR B mid S I 1) 5850 . ImIRHIE L S A s, Wi A RAR
PR BN R 25 ) ST A A T T P I () 2 A RE R AEAS S o 38 I A i 2474 - B - T B )
= YRR 2%, DsigDB $R At T UL EC K4 SV Dhse il T 5., SCRF2GY = e At
FH R F AR UE o HAF O T BB S T E A I IR R B S I 24 24 3
SRR, ATREVEE TR 0 S R E 5 R A B S A DG R 2 A T [RI ZH

2.1.5 ENCORI #IEEE

RNA #H H.1E H (Encyclopedia of RNA Interactions, ENCORID) % #& FE P32 %7EF RNA
T HAEM S S5 IHENH BT 2 g G. ZHREERRES T RE KME
CLIP-seq- F&#M4HMIT. RNA-RNA AHEAE A KGR G R A5 2 48R, M TE
#i miRNA. IncRNA. circRNA. mRNA J & {5 A BAE A 4 s Ui B . i
O EVERG T A8 ORERSLIG IR A4 5 HLA% 2% ST PO AL, mlRSAE IR0 miRNA-$EJE K]
Ziahiri. RNA 55 H BRI & ceRNA P& Ih 4514

2.1.6 BIETE,

AW EHE KV T NCBI 1 GEO #(#& % (https://www.ncbi.nlm.nih.gov/geo) [,
Ik SR “ Alzheimer's disease” RGN R FFIHIERT A bR RIS ETR S . AN
SRR EEfLHE GSE109887. GSE132903. GSE118553. GSE63063. GSE120584 1
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