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ABSTRACT Objective: Alzheimer's Disease (AD) is a neurodegenerative disorder characterized by a progres-
sive decline in learning and memory abilities. Using bioinformatics analysis, we aim to identify its related hub genes
to explore potential targeted therapeutic strategies. Methods: The study extracted gene expression data from AD
patients from the Gene Expression Omnibus (GEO) database, including GSE5281 and GSE36980, and retrieved

learning and memory-related gene sets through the GSEA database. From the overlapping differentially expressed
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genes in GSE5281 and GSE36980, we identified a total of 158 genes associated with the hippocampus in AD. These
genes were then subjected to Gene Ontology (GO) and Kyoto Encyclopedia of Genes and Genomes (KEGG) path-
way enrichment analyses, leading to the construction of a Protein-Protein Interaction (PPI) network. After identifying
20 hub genes in the PPI network, we conducted further GO and KEGG pathway enrichment analyses, ultimately
identifying three key genes related to learning and memory. Results: This study found that the 20 hub genes in the
PPI network were significantly enriched in synaptic changes within GO and KEGG pathways, suggesting their criti-
cal role in regulating synaptic function. Additionally, the enrichment analysis results of these genes showed a similar
trend to those of 158 AD-related genes, further supporting their potential key roles in the pathological mechanisms of
AD. Subsequently, through an in-depth analysis of the 20 most tightly connected hub genes in the PPI network, com-
bined with results from MCODE and cytoHubba, we ultimately identified three core hub genes-SNAP25, SYT4, and
GABRG2-closely associated with learning and memory. Conclusion: SNAP25, SYT4, and GABRG2 may serve as
biomarkers and therapeutic targets for AD, offering new strategies for improving the progressive decline in learning
and memory abilities.
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Fig.1 The workflow of database analysis
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Table 2 Sample information for the GSE5281 and GSE36980 database analyses

GSES281 (n=23) GSE36980 (n=18) P
Age, mean * SD, years 78.83+ 1.65 83.56+ 2.55 0.113
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Fig.2 Volcano plots and heatmaps of DEGs
a) Volcano plot of DEGs from GSE5281. b) Volcano plot of DEGs from GSE36980. Red represents upregulation of

differentially expressed genes, blue represents downregulation of DEGs, and gray represents no difference. c¢) Heatmap of
GSE5281. d) Heatmap of GSE36980. The top 30 genes significantly highly expressed in AD and ND are shown in the

heatmap, which is colored red to indicate high expression and purple to represent low expression.
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Fig.3 Venn diagram for the identification of 158
overlapping genes associated with AD between the
GSE36980 and GSE5281 databases

Chemical synaptic o
transmission
10
Exocytosis ° 8
Regulation of postsynaptic 6
neurotransmitter . d
receptor activity
Count
Synaptic vesicle 010
exocytosis 015
Q2
Synaptic vesicle |
endocytosis .
! 5 7 9
c P
Syntaxin-1 binding [o)
Count
.4
SNARE bindi [eX)
ng o Oe
Inhibitory extracellular o7
ligand-gated ion P
channel activity 33
GABA-gated chloride | | 30
ion channel activity 27
24
Chloride channel 21
activity ®
20 25 3.0
P

JEE A% 0 B, B AT I P S A 3 A0 B R
ZARE P, BT R U 5 Al 4% 328 1SS fh ] B R0
P AR A1 tau FRAE W LUBR R/ BRUG H i 58 fir
e, T G CE NI DR 2T oY R
Bl ,AD Fl AR 2 58 M/ U 55 b B 4 30 3 5
(LTP) Z it , A N BLE . 5 LTP M XF
=L AR N T K BMEI(LTD), X 5 AB
TR 2 Ml A A L A — B R KO AR g
(LTP) f1 4 s B 2 # il (LTD ) J2& W Ff % 57 19 28
fk AT LN, AR DMLt T T
TR, I 5 % S MCAZ i R A S B2
LTP F1 LTD 7 5 fish iy & 30 Ay #2838 [T ¢ Al MR >R
BASfk, TER MG RN S ERZ AR (I NM-
DAR Fl AMPA 3Z1{k ) GABA Z ikl K £ 1 f&

b
synapse » P
) 175
Synaptic 15
vesicle °
membrane 125
10
Neu@n ° 75
projection
Count
Synaptic ° 10
vesicle O 15
O 20
Q25
Axon | ®
75 10 125 15 175
d P
Synaptic vesicle | ® Count
cycle 6
o7
Retrograde o8
endocannabinoid - L] O9
signaling O 10
X on
GABAergic | ° O 12
synapse
P
Nicotine | 7
addiction 6
5
Glutamatergic 4
synapse 1@ ! ! ! —
3 4 5 6 7
P

4 5 AD HHEAERFEAM GO M KEGG BREELR
(a)BP(&E#F#),(b)CC(HMAS ), (c)MF(5FInEE), (d)KEGG & &,
Fig.4 GO and KEGG pathways enrichment results of genes related to AD
(a) BP, (b) CC, (c) MF, (d) KEGG pathways.
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Fig.5 PPI network and hub genes in AD
a) The whole PPI network. b) Twenty hub genes were screened from the PPI network using the MCC algorithm of the
cytoHubba plugin. ¢) MCODE showed that cluster MCODE 1 contained 12 gene nodes and 59 edges with the highest

cluster score (10.727).
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Fig.6 GO and KEGG pathway enrichment results of hub genes
(a) BP, (b) CC, (c) MF, (d) KEGG pathways.
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Fig.7 Venn diagram for the identification of genes
connected with learning and memory
Three genes (SANP25, SYT4 and GABRG2) were related

to learning and memory according to the GSEA database.
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g | B 2 0 AN 7Y 2R AR % il b & AR L A
SYT4-KO /)NEUH, AR T 1 I 11 15 5% 2L 15 4% 1
RS AR50 TP, R SYT4 2 o K
PE2E S FACAZ TG B ) — A~ Z R R, FEX)
WA 4 7% 97 I BF 7€ vh & B, SYT4 5 A 4 7% 9% 19 %
SESLN YA G, & ARRS AD K, g —
A pZ B AT RN O A, B R T 40 i R
SYT4 ()3, 2> AT DA R AR AT BRI R, I 45 &
iz B R AT LA BT I I A R 48 OT 1Y 28 ik Ab
NMDAR , iX 7] %5 & LTPU! A #R 1 /2 , I K H
FIRIT AD B 25 £ 43 R FF IR LA S A A
fi BE #2215 8 AR ¢ B9 I oK BB P9 SYT4
mRNA 7K & 3% FiH¥), SYT4 5 AD fy 3¢
ATREIE—LHR, BEHWATFEFERBIAA
2ok v- 23 T (GABA), 7E APP/PSI ;3 [H
ANER R, RO R LAY A R BE Al GABA fig 28 firh iy
KA A Py, B4R AD /N BB RL G g
WA r T R0 A A8 (R (K i Y 3 B %
P fi 22 336 B A1 GABA R 1A ) 1Y 58 firh 4 10 75 25 &
W2 fiE 2 fik v 38 4 7 5 fih 117 A58 A9 35 IR IX B AT, 7
MBS SNARE & & 1K F1 45 & ¥ 38 1& 4 &
YERD, il & ML wk AR 1 o B G , 4 2082 3006 2 fil s
A W3 1k, I NMDAR f1 AMPAR |, 3% 8 35 £
AP T RE , W 28 0 (0 D% Ay M ] R Y
HPE tau 19 4= A 2 il 5 36 07 7T DL 3E o B E NM-
DAR FI AMPAR )3z %y L Je 78 4 58 A 58 fi S
TR 2 il il o, S B S % R T M ANE
fCRE U0 B il 2] 4y 1 O R T B4 IR AR T g
B RS, BN 2 S RO AZ BE i R M,
GABA J2 X bl 48 22 4 b 1 2 2 10 o 0 b 48 5
S, A ] A5 3 A = Rl OAS ) A 2 AR I 5 S
P, 4> %4 GABAA  GABAB #il GABAC % {k ,
H GABAA Z KA T KW K 22 %50 77
I VE FH 1, GABRG2 #ifs GABA 3% {k -GABAA
AR I 2, 76 T8 B 2 BEME D I P GABA fig %
file v 73 B (0, bR T AE O GABA [ 8 1
T A A AN, T FR S ek T v R
K GABA % %7 sk A {7 P 3 76 B9 GABA 3% {k
51 % B AL PE B0 ) E AR, N AD KK
(30 5 2 RS M Y GABA 22 (K 7R, y2 W3k 7E
AD g d b U 5 IR AT B B 4R
(4 43 1 45 S — 30, GABA BE 2 filt A 5 9 410 i1 1)
AE 3G 0 mT fE 2 T ¥k [l g LTP Bl i), 7
AN AD BB, i 52 filk b GABAA 2
S % B0 D, i GABAA Z K 3h 7| gabox-
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adol RE W% 10 % 1 T 3 B TR Bh , I 03 2% 2 il
LB, R, 5E GABA fig R 48 0l fig & —
T A 1 5 19 8 AD R YT TR .

SNAP25 . SYT4 il GABRG2 #J& 78 fil 4 4y,
TS filh () T B8 M b & PR OCHEEE R, X BB 4 4y Bl
HPm it R E AR, IE S % T ANEIC T AR Y
TR AR, e T ER A F R — 4> PPL %
Frp (UL 7o), 3 B A W g g T R
KHEMNZEARHENHEEEN RT3,
EATE GO 43 #ri CC 28 5] b #1154 T 1% & ik
AEsfih, RAMRAE M &L b 7E LTP Hh & 4 H %
YEM . 76 AD [ 1B B, il AR M8 T 58 fnk 4 93
4% & R S BUCAD 51 R B AR M e M & i
PEUIE AD A9 R B, 1A &R T 4 A B
PR i E] 20 /> GABA RE & A, E — A0 A E B
260 I 2 BE % AT RS B R I HE R R KO
1) AR B fill 5 B0 AR SRR, BET
LTP Jf 3456 T LTD!, WA 1 K i 78 AD (Y i
W R B IR 4 R0, AD R 2R S REAZ 1
AE 1Y A5 32 2 5 3 s o AR 2 DA G

BT Z i A MR ATR & B, AT
Fifi % %5 PR 3k & | SNAP25  SYT4 FI GABRG2 1 K
AN S5 T AD, H T A a8 T 8% > M
WCAZ I E o WS Y Ja BRI 7E T 1 R AT 0 —
HEIE, H LI A B RAT AW R I &
WFIE AN RS IX = A i 3L N #E AD H & 5k AD
ZIN R R B 2 2T RNAE A B BRI T .
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