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herbs in Alzheimer’s disease (AD). Methods The expression profiles of GSE5281 and GSE132903 were downloaded from GEO
database to obtain AD differentially expressed genes (DEGs). The relevant module genes of AD were identified using a weighted co-
expression algorithm, and the immune-related genes were subsequently obtained from the ImmPortal database. The intersection of the
above mentioned genes was used to obtained to obtain the set of essential immune differential genes. The analysis was then performed
using least absolute shrinkage and selection operator (LASSO) and support vector machine - recursive feature elimination (SVM-RFE)
methods to screen for common immune biomarkers of AD. Biological pathways were explored through gene ontology (GO) and Kyoto
encyclopedia of genes and genomes (KEGG), and gene set enrichment analysis (GSEA). The receiver operator characteristic (ROC)
curve was used to evaluate the diagnostic capability of these candidate markers, and validated them in GSE122063 dataset. Besides,
we established clinical nomograms and curves for clinical application evaluation. The cell-type identification by estimating relative
subsets of RNA transcripts(Cibersort) and single-sample gene set enrichment analysis (ssGSEA) were used to analyze immune cell
infiltration in the samples. Finally, Coremine Medical and Herb databases were used to analyze traditional Chinese medicines (TCMs)
and components, and molecular docking and kinetic simulation were carried out. Results A total of 1 360 differential genes and five
biomarkers including cysteine and glycine rich protein 1 (CSRP1), glial fibrillary acidic protein (GFAP), interleukin 4 receptor (/IL4R),
somatostatin (SS7), and nuclear factor-kappa B inhibitor alpha (NFKBIA) were screened. GO analysis shows that AD is strongly
correlated with positive regulation of neural development and cell development. The KEGG and GSEA enrichment results indicated
that AD is most closely related to the B-cell receptor signaling pathway and the glycosaminoglycan biosynthesis pathway. Immune
infiltration analysis showed that the proportion of macrophages, memory B cells and central memory CD8™T cells in AD brain tissue
was increased, while the proportion of initial CD4'T cells, activated CD8"T cells and effector memory CD8'T cells decreased, and
there were significant differences in B2M, CD40 and other examination sites. There were 82 potential TCMs, including Renshen
(Ginseng Radix et Rhizoma), Danggui (Angelicae Sinensis Radix) and Houpohua (Magnoliae Officinalis Flos). Moreover, their four
properties and five flavors are mainly warm, cold, flat, bitter, and sweet, and belong to the liver, lung, spleen, and stomach passages,
with the effect of clearing heat, promoting blood, and tonifying deficiency. Molecular docking and kinetic simulation showed that
20(S)-protopanaxadiol was stable in docking with markers. Conclusion The biomarkers and immune-related mechanisms of AD
were screened and explained through various methods. Medicine-food homologous TCMs such as Ginseng Radix et Rhizoma,
Angelicae Sinensis Radix and Magnoliae Officinalis Flos are expected to be a significant source for AD drug development. This study
sheds new light on the pathogenesis, clinical treatment, and novel drugs for AD.
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Fig. 2 Differentially expressed genes analysis of healthy population and Alzheimer’s disease patients
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(nuclear factor-kappa B inhibitor alpha, NFKBIA) (
5-E).
2.5 BHIREYBIFRIZKFEIZEEX

WK 6-A fior, 8t ROC #hZE43#r, CSRPI
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Fig. 11 Prediction and analysis of drug properties of targeted traditional Chinese medicines
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NFKBIA, 5 AD WJRAERBEAETIHRFR. FbX
HIhBE SHCEENLEIRNIRZ A B Finss AD
T PERAHLHI R, 2 AD BIVRTT R T Al

7R, CSRP1 &M A H 2 & & &
FR KRR 5L, (E4HMISE 1. AHARE I . 355H .
B R E T EE/ERR, HAj5<T CSRP1 5 AD
R AL B ARGE R D>, 58RI AE PO 5T R I,
CSRP1 1] LAz [ifyeq i3 1 G 2 32 i 3k 1 5 M L
R fads . RILAE [H) CSRP1 T AD &1
T 955 TR 855 0535 95 1 A R O T AR YR T RS
GFAP & —Fh = ZEAELE TR 52 T J2 I 4 it o (1 485
PR A, R TR A B3 A R i 52475 B9 v ) 2 32
PR B2 G R FE SRR, B I AR 21 =K
V- GFAP, xR EE I Tau S H™ E KK
J&, ATUMEN AD IRIRERIZ T AWk, X554
WF T 0485 S — 3230, SST & —Fp) 2 o fi T

NG RGN AM E 45 133 . Han
SRLARIEKAMFERN . AP MEJE-Ap BEY)
I, P RERE, LIRS ESE-ARp 25N E
PEFIREE N, dEmRE R EE i F o ILAR 2
—MRZREN, %S IL4 46, BusRES1ESE
B, NI N 2 Bl e M Thg . ARk
T8 TL4 T2 AL P28 70 A /)N I J57 200 B/ e 24 i e e 2
AB-42 T HE S, FFaE I A & T /AH A0 (neural
stem/progenitor cell, NSPC) H 1] 1L4 Sz {4t 1 175
5T S EILIR T 6 (signal transducers and
activators of transcription 6, STAT6) T I2 1L 34 i
NSPC "J#%, W{EHN AD W27 i 4
BE— D725, NFKBIA s —FifEsg b+, 5%
[AlF-«B (nuclear factor-xB, NF-kB) JERE &Y,
FHIE NF-xB H#E AL, 33 1T 5200 S8 SR T
WS YRR, T AD MR . Ak, NFKBIA
2 UUERAE 5 R 7T A7 1 Csilent information regulator
1, SIRTL) HJi{E, BETTE PR KR R 4,
HELE AD SEIRAT PR 1k 2],

32 BRBEERERLZAD &FEINGIPHEE
7]

FRHE Cibersort A1 ssGSEA 2 FihHJ5 15 i 45 B
FHRME T, &I AD B M1 EREGHAL.
FE AL CDA'T 4. id1Z B 4l . A B (e
FEIRANM . VEALI CDS'T i "EmetERigifi.
BiCIZ CDA'T 40fii. RN AC1Z CDS'T 4145 % Fi
GIERMM S AD LW REEYIM G, R
YHfIRIEAE AD IR RIS B EEER . #EEL
AR FRC2HRIE,  FR AR ZAE AD HikbT
SRS, AT SREN A TTIRAT IR AR AD S EUIR
St — DA, BbAh, AR haBUE BRI, 7
AR E R B BT, TR AP R E,
25 Tau & H B REMY B AW 7T P 1) CD4Y
WP Thl A1 Th17 2 T 40 4% IE S Al il i &
FlHH 4 R G AR RGN T PE T M RI1E
FH AR B Joa 4 s AR 42 2R NI 3 AD 1
TRERS R AR, INEACIZ ARG, hAh, Machhi
FEBUR PN T X4, AD B hWIiE B 4Lt
BN, 012 B 4B N, i B 4ER R E K
PR PR SE A F--a (tumor necrosis factor-o,, TNF-0.)
it AD i N BEER TR R, 5 A I8 S i il 2 S
BOA—8. ERIAYH TR, KILEFXT AD 7
JER =T R T 4M. B 4. BRI
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JRARAE S DR A5 01321, X i B S e IR 3 Hr 5
RN — 3, SRR I S BERE A
PR ERRES, M GE AD FISRISES R AR
T AW FIEXT AD B35 1) 37 et &AL mifE L
AT T 00T, B2M. CD40. CD8A 252 ANk 2
A BA R ZR . HEC T i A A sia
J7 AD FISCHRAEXT D, R 58 n] i3 — 045 388
TEARZEND . W38 G e A M B A 2 A mst () SR IRAN L

BT RIS A ) A VI D RELE B 4HH
T M E K EEERh R EEE, BER TR
2 A M BOE T AD R Sk N R T A T
PR . GSEA ZERRIE T i SEmg . b
[l SRR AW & 4% Hippo £ LS 5l % 5 ix 4k
PR E VIR Je T IR A N2 AD 2
VI @, GE R SRS AR T A 4
PR AR RE I, A HE R 15 K RN FI D RE, H59T AR
BRIESEAE B3, A RE A VR IT MR IRAT MR (18 3R
W o W T SN B A% 72 A A i SR P B T DA S5 3
MIFERTA SR 1 (amyloidprecursor protein, APP) 2%
&, {2k APP 1) B /- BEACHHETE, BN AR
s R RE AR H T Tau 25 H BRI A2,
M5 AB Al Tau £ H 1 R 5 UTERPY. Hippo
T 5 I S A LA FE LR ST IR S, 5 RN
A RN S A MG A L o AR T8 DA 96 . Wang
SEBSUR LAY Hippo 1S E VR4l il EH 1
(macrophage stimulating 1, MST1) 7] UL H£:4HKHT
2 AD R ERRFEFNIG PRI IR, AN 75 EAOM T B
ABo AWFFCRIL S PR £35S Hippo IBESA K,
Ja EERERANM TR LR BN 5 MSTT R ] i
R R, VA AD PR $e fhanie .
3.3 MR PARLSHHBETI REZIEST AD
RITSEKE

K AD IHJE T “HiR” R R S
JalE . LA, BT R 24 I R R R Al A T AN BT
RN, HEAGZR T RZE TAEF 8T At
FUOF TIUI H R RE [ b 25 364 T 25 1 A0 A JE B, PO
DLl %€, PR3, TkbLE. . HEBIECK,
DI ARG W1 AMEAE, HLLF. . B
BAJEZ . IR L 24 5] S8 Ik (R 820w ] B
R, XA R AR T [ A 8 A0
HECIUIR . #5905, AMRIRIT AD —EBY, 5 A
A 7T A1 BA R BAZE T R AD AHCHE iV & 081,
RAZSHEIFIER NS, M. EMAE. md. B

BAE 5 Wiz .

L AR, K R ZIRIT AD &5
B TIESE, WAMRIETR S, AT OHES MR
A DA RAT PR R 2 2 FedZ, Hrh AS 2 H
Rg 7] Beid i i A% R 45 6 5 5 Ah 45 i 3R 32 1k
%M 1 (nucleotide-binding oligomerization domain-
like receptor protein 1, NLRP1) ZAEFRFH VT RE
Pl RSz AR UTAAAT AD HEfEBY, K5 S5 1Ol
AR, HHEEEMER TUIEREE . B-A BT
E 8 EE R RE 5 H¥EE Bl (protein kinase B1,
AktD). FIFIBRER N - WA E B 2 (prostaglandin-
endoperoxide synthase 2, PTGS2). £ J5iELEH
P (mitogen-activated protein kinase 14, MAPK14)
SEOCHHEE SN 455 R IEDT AD WAEA . EAMEF RT3
BRI 2 JE ANy AU AN, BT DA R SR
G LN Ca? W FETHE A Dt R & Bl s A, 4T B-
VEMPEER AT TR PC12 4MUsET:, P AEmME Ry
R, 376 76 Hh ) S e % 8 0 1R T B MR I L -3 -2
P41 (phosphatidylinositol-3-hydroxykinase, PI3K)/Akt
155 W 2 IR NE S Tau J: AR M8 AD AR
(K347 TR) 3] ECBRAE A B RE ) 2 4% PI3K/Akt
{5 5 38 AP 5 X S8 (Cendoplasmic reticulum
stress, ERS) @AANHIMAHMIIT:, KIFEMHA IR
FAERB . i 2 273 A A R I I L rh 241
AFLIRNAIT AD FER, Blbim R Bt 2585 AT
HITBCAL, XOATHER “HR257 #HAT i, fRmimR
J7RT, Al S BHLAIE AT AR T “Ya R 5
ORFUEE IR VIR AR, KA E A,
IR BUR AL, THRZ ML i, PREE N AR,
RIFPEHNS . 73 T RHEREIR, (208)-JR NS Z1F
5 5 MBS EY R E , B RIFINAEGRET) .
B FEXT LS S ILAR-(205)- ) N2 it 4T T 3
J IR, KIAERE RS, M 5EA
e S BEBRE DA E, SRMILE, KR AR
A 16ILE. 10VAL. 18THR. 62HIE. 99ARG- 12ASP.
64LEU. 96VAL. 155SER. 17SER %, XfH:4s &k
15, JOAEAE AR A P v T FE A B R F AR K
MHAEH, JoEe R FEEN, SR aER
B KA BAE A AN SR o AH SCHIE FE 14748 IR S
(208)- I N2 I Al L i ) o) s P R R
( wingless/integrated , Wnt ) /¥¥ J& & B ¥ §§ -3B
(glycogen synthase kinase-38, GSK-3p) /- M
(B-catenin) I, (EFIGRMG LA A, G
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R, b B A R N T Cearly
growth responsive gene-1, Egr-1). FBJ ‘& RIJ& e 3
(c-Fos) F1 Jun Ji#J#2E K (Jun proto-oncogene,
c-Jun)EEZ PR K I AD AL/ R L2 RS .
IRBE S SR AN SRR IE U W1 (208)- IR NS ZiE 5
WEYM AR R, HEABERIZMAIEM, 7T
YEN AD S5 bn BRI RE R 2541 — B W5, 9 AD
S I T St TR IEdE .
4 g

AW FA A ZFEAR T T AD G K bR
SYANRIERE L, Wi BN E LR T
AD FHIR KA RE B A5 il s, 9 S i1 AD 2
7 — KR, P T AD BRI LS
E B PRS2 FYE H %, FE 3] 1
2y A 24 Sz O gy, R YR D RGHAT T o)
B, #5872 ARORALHIGTT AD HIEEE A,
R AR S AH K24t — 5T AD 153 F#l
il 29t g it R IRt — e S KR .
EATFFAVRFLEULTAR: (D ¥IBEHT AD
R AD SRR AT TIRER, RS LAEN
TEE AD BEINIX 702, DLII0 % SEORE B A AR 540«
(2 PSR R R —, RS KA
PERPSE, DIRG9 & A B HEAT 0 97
s (3) ABFFLHET A WEE FEABE R,
RS 5 5256 K i RO 5 a3k — A BRI .
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