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Abstract: Objective To identify differentially expressed genes (DEGs) in different brain regions of Alzheimer's disease (AD) using
bioinformatics techniques, explore the immune mechanisms in each brain region, and predict potential therapeutic drugs. Methods
AD sample data were obtained from the GEO database, and DEGs analysis and weighted gene co-expression network analysis
(WGCNA) were performed on each brain region. The core genes in the most related modules were obtained by protein-protein

interaction (PPI) network analysis, and their diagnostic value was evaluated by ROC curve. Differential genes were subjected to
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immune pathway enrichment analysis, and immune cell infiltration patterns were analyzed using CIBERSORT algorithm. Potential
therapeutic drugs for AD were screened using Coremine Medical. Results A total of 3 280 differential genes were identified in the
EC region, 1 591 in the HIP region, 3 995 in the MTG region, 2 056 in the PC region, 907 in the SFG region, and 1 480 in the VCX
region. EC and VCX were highly related to the blue module, HIP and PC were highly related to the turquoise module, and MTG and
SFG were highly related to the green and yellow modules. The PPI network showed that there were four Hub genes in the EC region,
13 in the HIP region, four in the MTG region, nine in the PC region, and 17 in the SFG region. Different brain regions were enriched
with different immune pathway modules. Subsequently, Curcumae Longae Rhizoma was identified as a potential traditional Chinese
medicine (TCM) for AD treatment based on its association with key genes such as EP300, PPARG, CND1, GSK3B, BCL2, EGFR,
KDR, MYC, and IL1B. Conclusion AD patients exhibit diverse immune pathways across distinct brain regions, and this disparity is
intricately associated with the pathogenesis of AD. Curcumae Longae Rhizoma holds promising potential as a Chinese medicinal
intervention for the treatment of AD.
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Table 1 Differential genes in each brain region
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Table 2 Core targets of each brain region

D AR S A
EC blue ATP5CI1-ATP5DATP5B.GAPDH
HIP turquoise ACTB.U2AF2.EP300.CDK9.PPARG HSP90B1.KDR.GRIN2B.PPPI1CA-PRKDC.CDK7.SERPINHI.CD9
MTG  green CCND1.GSK3B.NANOG.CXCR4
PC turquoise UQCRFS1.NDUFB5 .NDUFAB1.ATP5C1.SDHB .NDUFA5 ATP5B-ATP5SH . ATP5A1
SFG yellow EGFR.CD44.PECAMI.FNI.KLF4.NES.GFAP.BCL2.S0X2.SOX9.VIM .MUCI1.AGT-FOXO1.CEBPB.
COL1A2.HDACI
VCX blue MYC\ILIB.FOXM1.CDC20-JAZF1.CSF3R-MSH2.SDHBFLT3 ALDHIAI.IGF2BP2.FOXA1.EP400
A . B
" et Immnoeray By 1) Bl Groue AD « cos
_ Micromas In Tumor Microcnvironment - e e e e -
Tolllike Receptor Signaling Pathway 0.4
% 0.41 03 ‘
w2
El g0z | I
TR
E “o _Ha__ﬁ_‘h-._ — jg_*i__ I o —
o
aoﬁm%oﬁmgmm%ﬁmégmmmsgﬁ
2O L a'é§'§a§§§§‘§%ﬁ§'§3§§§8%g%'é’
é Sl oo b T2t E2858% %83 g F £ =2 Sz g %
o S = 7 & E =] & ="’ =3 8=
z 2] %géaﬁééégszﬁgaégaghggg
= $°%: 5558k EETEEE Za3
£ 21 £E =S2z%s3 A B 40 23R
5 47 3 Y T '5 5 = - +x A = — &
~ 0 5000 10 000 15000 ] 8 2 (53 5
; [a = = =~
Rank in Ordered Dataset = 8 &
g =
=
Superior Frontal Gyrus -
T cells CD4 memory resting . T cells regulatory - us@qr ngumﬁ,
C D Neutrophils. Dendritic cdlls resting endritic cells resting,
~ EGFR. CD44. PECAM1\KLF4. NES, GFAP, BCLy/ Tecells CD8
= HDAC1. SOX9. VIM. MUC1. FOXO1. CEBPp UQCRFS1. ATP5B.
g COLI1AZ. SOX2 ATPSH. ATPSAL
= —lgi? 1L18/1L4/1L6 Signaling Patly 1L5 Signaling Pathways
" 'i Signaling
] T_U] 3 Entorhinal Cortex Primary Visual Cortex
5] % Macrophages MO, : B cell naive. Neutrophils
Neutrophils . NK cells ‘ T cells CD4 memory Testing
= :r resting. Plasma cells. CD4 T cells CD8
-3 04 cells, T cells gamma delta JAZF1. MSH2. EP400
= 0.0 ATPSCL. ATPSD. ATPSB.

04 B Cell Receptor Signaling
B_% GAPDH
0.8
TLR Signaling

IL18 Signaling Pathways Hippocampus

gsdIv

Medial Temp0ral Gyrus Dendritic cells resting .

Macrophages M2, Mast cclls  Macrophages M2 .

S - o mow oo o= T o
E E Z ‘% ) *u-'é £ 3 ‘fﬁ; g g = § resting. Neutrophils Monocytes. Plasma cells.
. . g .
Eé: E: En g % § ﬁ g é ;3 'g T cells CD4 memory resting T cells gamma delta
EEEZ 22822 8C3 Plasma resting U2AL2. LP300. HSPI0BI
[ ] 2 4 5 o : .
g2 2 & % E EBE = GSK3B. CXCR4 IL6 Signaling Pathways
=2 Z % E B F 3 E B Cell Receptor Signaling
fi
8 < 2 114 Signaling Pathways
o B
=

A-EC [X Ju B A5 5 38 B8 2 M7 ; B-2E T CIBESORT 5353 EC X #EAT e iR 118 73 s C- O 2 [R5 S e 4R U AH % 44 23 s D-EC W PCHIP
MTG SFGVCX Jiti [X f) 5 5 {7 5 30 % 4 2 240 M LA S S 6k TR S 45
A -analysis of immune-related signaling pathway in EC region; B-immunoinfiltration analysis of EC region based on CIBESORT algorithm; C- cor-
relation analysis between key genes and immune cells; D-summary of immune signaling pathways, immune cells and key genes in EC, PC, HIP,
MTG, SFG, VCX brain regions.
B2 ECR&RERES

Fig. 2 Immunoinfiltration analysis in EC region



F47EFETH 2024F7H %Kl"iﬂ'{ﬁti Drug Evaluation Research

Vol. 47 No. 7 July 2024 + 1525 -

HIP X 1) & & & 1 52K 41 2 (dendritic cells
resting) - M2 %Y 5 I 41 g . 5 4% 41 il Cmonocytes) « PA
Jyd THHMO(T cells gamma delta) B & 34 1 s MTG [X.
1 M2 BB 4 A L B R4S IR K 48 MY (mast cells
resting) « H 1 AL 40 AR % 41 Y L2 42 7 CD4(T cells
CD4 memory resting) #H % 34 11 s PC [X 1 B 5% 4K 4H
Jitd (dendritic cells resting) -CDS8 T 4il i (T cells CDS8)
B I 3% 0 s SFG X 110 8 2 AW SR 41 A o MR 4T
M #2212 PE CD4(T cells CD4 memory resting)
DL RS T 41 M0 (T cells regulatory) B & 38 i s VCX
X [ 40 #E B 41 i1 (B cell naive) - H PR 40 i L i L&
e 12 1% CD4 UL K CDS T 41 g B &2 3% i, an &1 2-B
Hi7R
2.6 XBEESRZRIENHERXMESH

W B AN B X 77 358 ) Hub 3 K 5 8 A i X A 2
AR IR e 9% A AT AH SC HE R 3 At . EC X
ATP5C1 5 M2 B 1 g A 452 v ) AAAH S M (R=
-0.75) \ATP5D.ATP5B fil GAPDH 5 CD4" Ti5{Lid
1241 M A B m IE A LM (R>0.7) s MTG [X
CCNDI1 5 J€ ¥ 1k 4 Bh T 40 i A5 %2 & /9 6 fl o
P£ (R=-0.71) .GSKB fll CXCR4 5 CD4'T # 2. 4510
1240 M A5 %52 v IE A0 9% 1 (R=0.72) ; HIP [X 1 ACTB
5% Ak 19 NK 48 i A 1R IR A G 1 (R=0.82) 1
HSP90B1 55 3 44 1) NK 41 Ml A7 = (1) 51 AH ¢ 1 (R=
-0.74) .CDK7 5 it L 25 W B SRR 40 A & 1) A AH
KM (R=-0.7);PC X FF ATP5A1.ATP5B.ATP5CI .
NDUFA5. NDUFABI. NDUFB5. UQCRFSI 5
CDS'T 41 e A =y 47 #H & PE (R<-0.7) ; SFG X H
KLF4 il FOXO1 5 CD4'T ## B4 1012 40 i & & 1F
% M (R>0.7) . GFAP. SOX9. SOX2. AGT.,
HDAC1 fil BCL2 5 JE K 40 g &2 & 7 A 26 M (R<
-0.7); VCX [X /1 JA2F1 55 4h #E B 41 fig 2 /& f A o<
PE(R=-0.72), A AFRRIEFI, EERR MK,
BRI , AH SRR v, LT 2-C.
2.7 XBEENFREFRLEZROCHZ

7E GSE5281 $#i 45 i ik ROC 43 T #8 7t % gt
FERXT AD B EFIEFFEARM X /368 ). 45 R EoR
X EL R 1) AUC #8 K T 0.7, B2l & L (E
3A~D). Ff HIXELHL K 7E AD M IE 5 FEAR A A
FRiER, Kl HDACI.COL142 .MUCI1.EP300.
VIM. SOX9. GFAP. BCL2. HSP90BI. FOXOI.
EGFR.FNI.CD44.CEBPB.CXCR4.U2AF2 .KLF4.
IGF2BP2. PECAM]I . EP400. SOX2 [t] % ik /K V- 7
AD ¥t A Wh 8 5 , ATPSH. CDK7 ATP5D ATP5C1

GSK3B. JAZF1. UQCRFSI. MSH2. PPPICA.
ATP5B.ATP5A1 3N 7E AD FEA AR (K 3-E).
2.8 HHTHM

[ F Coremine Medical £ it FE i % H 5 J7T AD
[ H 24, 44 7 3% 2B 5 AN X R 25 (n > DS SRR
B 44N [X HIP\MTG.SFG.VCX R F| 320 (15 22
Al 4 2 Fheb 24, i ) HIP X EP300. PPARG ; MTG
[X CND1.GSK3B;SFG [X BCL2.EGFR ¥:[H , Itt 4%
T A WL B HIP [X () KDR 2K . VCX [X i) MYC Fl
ILIB R (] 4)
3 wig

% RGAE AD S AR [R] I 23 A 48
6 ER] 5~ DAY o g D A R S AR S o DRIk, R 2R
Y B 50 AD AR 5 22 % X (0 3oais SR k47
L, SRR TS I X AR e ik (1) J: (R4 R . g
GEO i i \ WGCNA 43§71 - GSEA 43 #T « 41 ifd %0 %
T8 73 A1 LA K2 PPT W 26 1) 32 AT LA SRy - B2 I VG 7 32
At 4 MK 2 35 DR AN B

EC.MTG.PC.SFG [X B #{fE 112 e 45 #H %L
1B RS AH 52 A 8] /9 i XK 4% 0 D) i % A A T
WGCNA 55 5 5 7= AN [F] i X B 5 AN [7] ) A e H.
HA MM, Hdh EC X E %I 5 iR
M & AR X R, VCX X & Kt seBAL
B AS BAL BRI — 8 4> «  SFG X A] DAAR A7 I 18] 5
A5 B o 75 8 M DX i 32 119 J 25 B IR o, 396 B0 T 52
Ay (PPARG) 1] DA 11 & B ¥ 8 1 A il i 45, Jl ik
F B AL A K A B AT AR R A ARG 1 (BACED)
J& B IE M SR> AR UTAR , I AT R E I B A
DOVE R A% 2 B TR B B PR R ) # . b4k, PPARG
(0T 38 W] DA G 2R AR Dy g, 3X TT RE X AD B
WACARA = A A w P . MYCTEM & o
MFRIEIE A2 FH SN E, H2SFEME T
YIHEAET . MY C ALl -F-3l i s or 106 4% S 6 ( TERT)
FIPS3 [ 32 1A Sfe Fs il b 5% T 2E , 76 o L B AT 41 B 52
2 AV )R b R AR P R R A R
4t (CNS) ', GSK3-B 7% & fiv 1y » o 3k 7K il 4 %
B 0, VR PE S0 LR R 2Rk AR L R ]
I K I SRR SOE o AF N E B Tau BB 2 —,
GSK3-B i i3 tau b J& B /8 14 F NFT (1) JE 5. %
B A KR 7 52 A CEGERO) 411 1] 751 £ 0% 4100 1) sz o7 1 2
T T T 248 M PR 9 4240, 14 i B R, M AR M
T2 98 ERS (R kel 9% AR, FR > T AR R R
PHASSY. 28 b AR SRR T Re 12 DT 5 1)
R E o DX R0 5k DR S AL, O B B T X i s S



N » >3 .
- 1526 - $475 FTH 20245F78 ﬁ*'ﬂ‘[d’ﬁ; Drug Evaluation Research ~ Vol. 47 No.7 July 2024
A B C D
1.0 - 1.0 1.0 1.0
20381 )"'—AJJ -08 =08 = 508
=< . o < o
S o g e &
20.6 L 206 2 0.6 il 06
B PPICA(AUC=0.719)- | .Z K4 UC=O 776) — | .2 SOXYAUC=0.797)— | £
] HDACI(AUC=0.733)— | & UC=0731)— | & GFAR(AUC=0854)— | £
£ 0.4 B(AUC=0.905)_ | & 0.4 | AUC=0746) — | £ 0.4 NDUB5(AUC=0.820)— | Z 0.4
A COLIA2(AUC=0.709)_ | 3 ECAMI(AUC=0.791) — | BCL2(AUC=0.827)— | 3
UCT(AUC=0.808 AUC=0887 HSP90B1(AUC=0.792
024 ATPSA1(AUC=0798) | 02 FI(AUC=0838) — | oo “SDHB(AUC=0.846)— |
EP300(AUC=0.798 UQCRFSI(AUC=0.83 OXO1(AUC=0842; -
,” VIM(AUC=0718)— XUAUCZ0885) _ GAPDH(AUC=0.761)— CXCRA(AUC=0.846) _
0 NDUFABI(AUC=085)_| | MSHAAUCOR) — | EGFRAUC073%)— | |7 U2AF2(AUC=0.816) _
02 04 06 08 10 0 02 04 06 08 10 0 02 04 06 08 10 0 02 04 06 08 10
1-Specificity 1-Specificity 1-Specificity 1-Specificity
E
e
E 01 o
ﬁ o
& @ o EW#
m N * AD
K o °
. 54
m id
%
$
ATPSH FNI CDK7 CD44 CEBPB ATPSD ATP5C1 CXCR4 U2AF4 IGF2 BP2 GSK3B PECAMI EP400 JAZF1 UQCRFSI SOX2 MSH2
161 e,
14
i
X121
® .
= 10
= - oW
Z s °AD
w 6 . ® ¢ X ]
4 4 °
2 o e

Fig. 4

PPPICA HDACI ATPSB COLIA2 MUCI ATPSAI EP300 VIMND UFABI SOX9 GEAP NDUFB5 BCL2 HSP90 BISDHB FOXO1 GAPDH EGFR

A~D-REEE K I ROCIZ W4 3 5 B- R EE N [R5
A—D indicates ROC analysis results; E-gene expression.
3 HubEREHKRIZKROCER
Fig. 3 Hub gene expression and ROC results

AD [P BRI A2 2 TR R DG BG  3K 26 S G TR A\ B
fift AD 581012 BERS 1 R A ML DA R T Je i B v o
Hemgs BA EEE Y
GSEA%*ﬁmm%HﬁE%*I‘%%%K@E‘J%
JEAE SiE g b, B4 S Sk (IL4 15 S Im g (IL18
SEESHEES., EADIREST, G RG ML
%‘:éﬁ*ﬁﬂ”ﬁﬁﬁo A1 L SR Y5 1D 56 IR G 88 A L, o
A% 4B 5 00 D vk 40 PR R N 40 i, b T DL

4

network diagram

B - - X ) 4%

"Gene-traditional Chinese medicine-brain region"

WS LR AE RIS 5 ADIRE. NIRA
TR G IR B TE AD 5 i X 53 TH AR L, AR A 72
HFH CIBESORT SHiE X FEARHEAT 0 M. S5 BRI
EC.MTG. SFG. VCX [X [ 5 14 RL 4 i DA J 1247, 14
CD4; HIP.PC.SFG [X [ i 574 B B4 SR 48 ffa s EC
HIP.MTG IX (1) M2 B! E Wi 48 g DL J 2% 48 ffd s PC
VCX X ) CD8" T4/t AD H & & & T IEH 4.
T 201 7] 73y CD4" T 20 il (A 2 2 25 1) = 21 775 [
T CD8" T 2 fifd (K| i ok 52 401 A1k % 48 i 1) e



F47EFETH 2024F7H %#"i‘-‘[ﬁti Drug Evaluation Research

Vol. 47 No. 7 July 2024 + 1527 -

JITi e N B T . 75 AD FILEI EX,
TSCAE (1 I i 57 B (BBBO 2 12 T 4 Jfd (60,55 Treg) 1) 3k
N AT HIRME RR RERY . 515 4HH
bl , AD £ 35 25 1 X1 T 200 1) % A0 2 B B vy, K
T 40 A 3 — 25 4 1 4 A afn B A% 40 R R A2 48 IR 7 o
TEPRE SRR N, W IR G B A 3 2 i R b 3 v
12 5 EIRAT I FE AT REMEY . M1 2 [ g
ST o = L0 I Sy WA R A AN B TR T R R R AE
M2 B 5 W5 40 i m] DA e 980 L, A8 B 2 2R AR 4
5 GSK3BH %K. %L, it tin 1 RkEfs S
& B R ET A RGNS 51
J5  AD £ i X P9 4 9% A B 2 AL 1) 43 AT 1B L T 48 i
TE AD & JE i 78 o BTy 3 1 AR €2 DL K 15 4T B 7 o
S RIEFAM TR B MEA . X R I T
RNER A AD R AN T B B I s ms B A R
ES -9

AT TR AT &AM X 2 & H %= R
HJ& 4 MK X HIP \MTG . SFG . VCX #B 5 = 51| £ 1 |
AR G o T B 22T A N R ) 2 TR EAR .
K& B 98 R B, 22 38 1 32 B il 4y 22 3 3 v] DA
VENREEE 1 B BB 1 TE A a3 R0 Uk 5 tau
(1 Tk 3 W2 A0 I 14 i H 7 Bk L A 0 /0N R J5 4 i v
PECY, H ] 2 BE R AR B , A5 R R AE 5 I, 2
— M HEA Y . R S — o O R R T
R I BE 2K, FRAR T AP B S S ME S (ROS) K
D E AL R, W T AD B4 S0 B SRR AL, I
B P RAE RIS N EN A 28 DR -

gi b B E T AYE R ENE BIZEER,
XF AD 85 1 [X 3k AT 55 PR 22 55 43 A, i 36 H Y Hub
BRI I 5 T 2 e S, 22 8 R G A 1 43 T R O YA
JT AD 193 75 8 259 , 11 EP300 PPARG CNDI .
GSK3B.BCL2.EGFR.KDR.MYC M IL1B 1 15 Il 45
Ja B2 W RCR B, T e 22 9 AD HIVR T SR AL HT I AR
W R . AR AR AR — S 2, W R R
RGO R AR A R A AT A7 LR R e AR E S
AR AT T 1 — 25 1 5 Atk R PR 52 58 R 36 1IE ¥R T $E
AL B BT TR0 £ v 24 355 1 R 2 X AD IR T AR

MEHRR AL FARAEEA R

SE

[1] 2023 Alzheimer's
Alzheimers Dement, 2023, 19(4): 1598-1695.

[2] Ren R, Qi J, Lin S, et al. The China Alzheimer Report
2022 [J]. Gen Psychiatr, 2022, 35(1): e100751.

[3] Chen X Y, Firulyova M, Manis M, et al. Microglia-

disease facts and figures [J].

(7]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

mediated T cell infiltration drives neurodegeneration in
tauopathy [J]. Nature, 2023, 615(7953): 668-677.

Musiek E S, Holtzman D M. Three dimensions of the
amyloid hypothesis: Time, space and 'wingmen' [J]. Nat
Neurosci, 2015, 18(6): 800-806.

Chen X Y, Holtzman D M. Emerging roles of innate and
adaptive immunity in Alzheimer's disease [J]. Immunity,
2022, 55(12): 2236-2254.

Berron D, van Westen D, Ossenkoppele R, et al. Medial
temporal lobe connectivity and its associations with
cognition in early Alzheimer's disease [J]. Brain, 2020,
143(4): 1233-1248.

B N, TR, sk /NI 5 A0 B AR A e A
& g R A gT 3k R (7). 25 9 VE AN BIE T, 2023, 46(4):
890-896.

Duan C Y, Zhang M J, Wang S X. Research progress of
glucose  metabolic
polarization [J]. Drug Eval Res, 2023, 46(4): 890-896.
Jorfi M, Maaser-Hecker A, Tanzi R E. The neuroimmune
axis of Alzheimer's disease [J]. Genome Med, 2023, 15
(1): 6.

Liang W S, Reiman E M, Valla J, et al. Alzheimer's

disease is associated with reduced expression of energy

reprogramming in  microglia

metabolism genes in posterior cingulate neurons [J]. Proc
Natl Acad Sci USA, 2008, 105(11): 4441-4446.

Jarrell J T, Gao L, Cohen D S, et al. Network medicine
for Alzheimer's disease and traditional Chinese medicine
[J]. Molecules, 2018, 23(5): 1143.

Davis S, Meltzer P S. GEOquery: A bridge between the
gene expression omnibus (GEO) and BioConductor [J].
Bioinformatics, 2007, 23(14): 1846-1847.

Liang W S, Dunckley T, Beach T G, et al. Gene
expression profiles in anatomically and functionally
distinct regions of the normal aged human brain [J].
Physiol Genomics, 2007, 28(3): 311-322.

Igarashi K M. Entorhinal
Alzheimer's disease [J]. Trends Neurosci, 2023, 46(2):
124-136.

Mu Y L, Gage F H. Adult hippocampal neurogenesis and

cortex dysfunction in

its role in Alzheimer's disease [J]. Mol Neurodegener,
2011, 6: 85.
Yamashita K 1, Uehara T, Prawiroharjo P, et al.

Functional connectivity change between posterior
cingulate cortex and ventral attention network relates to
the impairment of orientation for time in Alzheimer's
disease patients [J]. Brain Imaging Behav, 2019, 13(1):
154-161.

Xu P, Chen A, Li Y P, et al. Medial prefrontal cortex in

neurological diseases [J]. Physiol Genomics, 2019, 51(9):



-+ 1528 - F47EFETH 2024F78 ﬁﬁ-i‘ﬁﬁti, Drug Evaluation Research ~ Vol. 47 No.7 July 2024
432-442. [25] Tavassoly O, Del Cid Pellitero E, Larroquette F, et al.

[17] Liang W S, Dunckley T, Beach T G, et al. Altered Pharmacological inhibition of brain egfr activation by a
neuronal gene expression in brain regions differentially BBB-penetrating inhibitor, AZD3759, attenuates o
affected by Alzheimer's disease: A reference data set [J]. -synuclein pathology in a mouse model of a-Synuclein
Physiol Genomics, 2008, 33(2): 240-256. propagation [J]. Neurotherapeutics, 2021, 18(2): 979-997.

[18] Langfelder P, Horvath S. WGCNA: An R package for [26] Lee H J, Jeon S G, Kim J, et al. Ibrutinib modulates AB/
weighted correlation network analysis [J]. BMC tau pathology, neuroinflammation, and cognitive function
Bioinformatics, 2008, 9: 559. in mouse models of Alzheimer's disease [J]. Aging Cell,

[19] Z2BUR, ARk, 2540, 55 . JE TR 2 1) . AL F vk 2021, 20(3): €13332.

FIRIT BT R M B AR L LA AL (0], 25 VR A [27] Wakatsuki S, Furuno A, Ohshima M, et al. Oxidative
WE9T, 2024, 47(1): 26-37. stress-dependent phosphorylation activates ZNRF1 to
An S R, Song L, Li L, et al. Comparative study on induce neuronal/axonal degeneration [J]. J Cell Biol,
mechanism of Schisandra sphenanthera and Schisandra 2015, 211(4): 881-896.

chinensis in treatment of Alzheimer's disease based on [28] Brezovakova V, Valachova B, Hanes J, et al. Dendritic
network pharmacology [J]. Drug Eval Res, 2024, 47(1): cells as an alternate approach for treatment of
26-37. neurodegenerative disorders [J]. Cell Mol Neurobiol,

[20] Subramanian A, Tamayo P, Mootha V K, et al. Gene set 2018, 38(6): 1207-1214.
enrichment analysis: A knowledge-based approach for [29] Jakubowski J M, Orr A A, Le D A, et al. Interactions
interpreting genome-wide expression profiles [J]. Proc between curcumin derivatives and amyloid- B fibrils:
Natl Acad Sci U S A, 2005, 102(43): 15545-15550. Insights from molecular dynamics simulations [J]. J

[21] Roses A D, Saunders A M, Huang Y, et al. Complex Chem Inf Model, 2020, 60(1): 289-305.
disease-associated pharmacogenetics: Drug efficacy, drug [30] Yang F S, Lim G P, Begum A N, et al. Curcumin inhibits
safety, and confirmation of a pathogenetic hypothesis formation of amyloid beta oligomers and fibrils, binds
(Alzheimer's disease) [J]. Pharmacogenomics J, 2007, 7 plaques, and reduces amyloid in vivo [J]. J Biol Chem,
(1): 10-28. 2005, 280(7): 5892-5901.

[22] Marinkovic T, Marinkovic D. Obscure involvement of [31] Ghasemi F, Bagheri H, Barreto G E, et al. Effects of
MYC in neurodegenerative diseases and neuronal repair curcumin on microglial cells [J]. Neurotox Res, 2019, 36
[J]. Mol Neurobiol, 2021, 58(8): 4169-4177. (1): 12-26.

[23] Lauretti E, Dincer O, Pratico D. Glycogen synthase [32] Ege D. Action mechanisms of curcumin in Alzheimer's
kinase-3 signaling in Alzheimer's disease [J]. Biochim disease and its brain targeted delivery [J]. Materials,
Biophys Acta Mol Cell Res, 2020, 1867(5): 118664. 2021, 14(12): 3332.

[24] Mansour H M, Fawzy H M, El-Khatib A S, et al. [33] Yuan C Y, Shin M, Park Y, et al. Linalool alleviates A S

Lapatinib ditosylate rescues memory impairment in D-
galactose/ovariectomized rats: Potential repositioning of
an anti-cancer drug for the treatment of Alzheimer's
disease [J]. Exp Neurol, 2021, 341: 113697.

42-induced neurodegeneration via suppressing ROS
production and inflammation in fly and rat models of
Alzheimer's disease [J]. Oxid Med Cell Longev, 2021,

2021: 8887716.

[FT4emsE I K]



