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[ Abstract] Objective Based on single-cell RNA sequencing (scRNA-seq) to explore immune characteristics in
the peripheral blood of patients with Alzheimer's disease (AD) as biomarkers. Methods GSE168522, the scRNA-seq
dataset of AD peripheral blood immune cells, was downloaded from the Gene Expression Omnibus (GEO) database and
was analyzed in the RAD-Blood web server (http://www.bioinform.cn/RAD-Blood/). The changes in blood cell
composition in AD patients were analyzed. The abnormal communications between different types of cells in AD patients
were investigated by the CellChat R package. Results There were two kinds of CD8" T cells in the blood of AD patients
and healthy individuals, one of which highly expressed granzyme K (GZMK) (false discovery rate [FDR]<0.05), and the
other highly expressed GZMA, GZMB, and GZMH (FDR<0.05). In the blood of AD patients, the content of GZMK' CD8"
T cells was increased by 32.9% (P=5.15E-21), their interactions with other cell types were increased, and they might be
associated with AD through the abnormal signal transduction of major histocompatibility complex class [ (MHC- I).
Erythrocyte provided the main ligands, that are, human leukocyte antigen (HLA) class I molecules, including HLA-A,
HLA-B, HLA-C, and HLA-E, for the abnormal MHC- | signaling pathway of GZMK" CD8" T cells. The RESISTIN
signaling pathway was specifically enriched in the blood of AD patients. Conclusion The increased content of peripheral
blood GZMK" CD8" T cells, the increased interaction between GZMK" CD8" T cells and erythrocytes, and the enhanced
RESISTIN pathway are potential blood biomarkers of AD.
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Table 1 Marker genes used for cell type identification

Cell type Marker genes

B cell CD19 MS4A1 CD79A CD79B CD27

CD4" T cell IL7R GZMK KLRB1 KLRG1 CD3D

CDS8" T cell CD8A CD8B CD3D CD3E CD3G

Dendritic cell FCERIA CD1C CLEC10A HLA-DQA1 CST3

Erythrocyte ALAS2 HBA1 HBA2 HBB GYPA

Megakaryocyte PPBP PF4 GP9 MYL9 TUBB1

Monocyte S100A8 LYZ SI00A9 S§100A12 AIF1 VCAN FCN1
Naive CD8" T cell LDHB GAS5 CCR7 LEF1 TCF7

Natural killer cell TRDC FGFBP2 NKG7 GNLY KLRF1

Plasmacytoid dendritic cell LILRA4 PLD4 STMN1 TXN PARK7 NUCB2
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T cell), WIHAECD8* T4l (Naive CD8"* T cell, #%1. 2. 3),
CDS8' T 4ifis (CD8" T cell, #21. 2), ZL4MjE (erythrocyte ),
F AR A 07 41 H (natural killer cell, #1. 2), B 41
(monocyte, #£1. 2. 3. 4), FAZ I (megakaryocyte, #Z1.
2), W SR MM (dendritic cell) A3 41 BLAFE AR 28 1K 241 A
(plasmacytoid dendritic cell, #1. 2)

TR G 2 A0 M 7E AD FB I I HP 1 1 i AR A 25 SR
TR, BRSNS AE AD F AR I 24T
A7, (HER o 4R MR A S A 22 S (8, #62) . M
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[ (P<0.05) ., MRIZEAIAYCDS" TANMI7E AD M # Fifd He
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Fig 1 Distribution of the cell types

" P<0.05.
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Table 2 Cell distribution difference analysis (Chi-square test)

2

Cell AD (cell number) Control (cell number) X df P
Bcell_1 1563 629 0.29 1 0.59
Bcell_2 1052 473 6.19 1 0.01
Beell_3 102 11 19.03 1 1.28E-05
CD4" T cell 1830 250 277.14 1 3.15E-62
CD8" T cell_1 5079 2083 3.22 1 0.07
CD8" T cell_2 4333 1278 88.47 1 5.15E-21
Dendritic cell 385 141 0.50 1 0.48
Erythrocyte 172 270 237.99 1 1.08E-53
Megakaryocyte_1 1569 765 25.21 1 5.14E-07
Megakaryocyte_2 417 418 199.94 1 2.15E-45
Monocyte_1 7941 2887 14.77 1 1.21E-04
Monocyte_2 2139 818 0.41 1 0.52
Monocyte_3 420 316 80.01 1 3.72E-19
Monocyte_4 90 25 2.36 1 0.12
Naive CD8" T cell_1 4730 2061 17.52 1 2.84E-05
Naive CD8" T cell_2 3748 1792 51.74 1 6.34E-13
Naive CD8" T cell_3 695 203 13.99 1 1.84E-04
Natural killer cell_1 7639 2717 22.97 1 1.65E-06
Natural killer cell_2 3604 1523 6.36 1 0.01
Plasmacytoid dendritic cell _1 238 85 0.56 1 0.45
Plasmacytoid dendritic cell_2 173 60 0.68 1 0.41

4.3%(P=0.07), Mif&25 50 FF 1 32.9%(P=5.15E-21)
(K1) $#275CD8" THNMI A PI M EAD & L AT g
S 5REM SR Ft, A 5EdE—44r8rCDs”
T2 M A5 LRI 200 R ik 25 5 (F12) , R BLCD8' T4 il %
1 #IKGZMA . GZMB., GZMH, ki % (granulysin,
GNLY) F1%£fL & 1 (perforin 1, PRF1)%:[X (FDR< 0.05), 1fii
CD8" T4 Mf% 20U 25 35 GZMK | 5 C-X9-CHEF1(C-X9-
C motif containing 1, CMC1) ., CD74 M (B 2 %
B(lymphotoxin beta, LTB) 5:[H (FDR< 0.05) . i#f— it

The expression of marker genes in B cell and CD8* T cell

e 25
CD8* T cell_2 c00000090-00 (N J ® 50
Y CDS' T cell_ ©0000000 000 - @75
g: Average
= Bcell 3 [ &YX ) expression
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©)] Beell 2 e @ .. ..
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Fig 2 Differences in gene expression between cells
Difference in gene expression between B cells and CD8" T cells and other
cell types. The size of the bubbles represents the fraction of genes in the subgroup;
the shades of the color indicate the level of gene expression, with darker colors

indicating higher gene expression.

XFCD8* TR L A2 (8] i) T 45 22 5 SE P iE A TKEG Gl [t
BT, EISHEE, fEfR 2 LIRS B
T ADAH G B, X 3 — 20 R U] AD B I = R 3k
GZMKCDS8' TP RE7EAD & E & i ft vh & 5 %
HEMER.
23 5EEAHEL, ADEEMACDS THMEKLH
GZMKRIEHS

AD B F FIEERE N Z [H R [RI 2SR CD8 " T4 i 1 (K]
R FIRFIEER R, SEREAM I, GZMA. GZMH.
CMC1. CD743 N #EAD A I CD8" THH AL A P~
WIETER% i 94 (FDR< 0.05, {H 22 S5 50UN T1.545%) ;
GZMB. PRFUJEFTEAD A 1L CD8™ T Ml 2 b 21k
VA, EAERE LR R R, (HJE GZMBTERE 2 AN
PREVZEFEL R A B3 (FJFDR> 0.05) ; GZMKHE [F £
ADBA MK CDS” TA4IMEFE 1+ B3 14 (FDR< 0.05, 22
SRR T 1L5%), MiEf 2 b BB EAE (K3, BT
GZMEKEFR2M R 3R I Y, 2 i & B AEAD D 1A,
I GZMKF A BAEADH 1, #— R GZMK R #
IKHICDS* T4 (GZMK CD8* T4iff) n] fEf& AD AR &
Y. ADH MK P AYCDS* T4H MM 1 ] G A T 4
GZMKT A A2 3 o0, AW 44 T BT A 4 i AE
AD B E FERE N\ B DEGs, & P LA IE A1 E 2% 20 i
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Table 3 DEGs in CD8" T cells between AD patients and controls
CD8" T cell_1 CD8" T cell_2
Gene Marker AD vs. Control Marker AD vs. Control
GZMA Yes Up No Up
GZMB Yes Down No Up (Not significant)
GZMH Yes Up No Up
GZMK No Up Yes Down (Not significant)
LTB No Up (Not significant) Yes Down
CMC1 No Up Yes Up
CD74 No Up Yes Up
PRF1 Yes Down (Not significant) No Up
GNLY Yes Down (Not significant) No Down (Not significant)

Up represents log, fold change>0 and FDR<0.05; Down represents log, fold change<0 and FDR<0.05; Not significance represents FDR>0.05.
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2.4 ADEEIMEGZMK CDS8 TR M EHE K
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ML TR M2 SRR, 5 A A AUAH HE, CD8”
T 240 A5 At 290 B (B0 A7 B 22 19 38 B RS R R 1
LHBEEE(K3A) . E—2XTGZMK CD8" T4 5 HiAlh
A5 20 M S R 2 1) 32 A P A B30, RIS BE A T 00 BT . 4521
FW, SEEFRE AL, ADBH MIKGZMK CD8" T4 i
CRR2) A SR A5 5 0 200 M s, JF 55 2 4 L A 2 bR 200
20938 A ETH(EI3B); 24 GZMK CD8™ THIAE I fH
S WA B, D BT A A B DS A i 22 BB Y
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WERE S MM, 5 TUF B A 4 A28 50 2 8] (4 A 6
VERISREER R IR (KI3C), Br T L0 4iffl. msr 4 miE
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AD fEF FIEE A ()45 538 B B 22 For il 2R
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PN R 20 i 358 R B B 43 F (endothelial cell-selective
adhesion molecule, ESAM) . MHC- I . CD99/\ S 115 B,
TSR, FLARESISTINAG 538 B £F AD A8 & 1M i v e
TR, AR AR LI TE & 4, X R RESISTIN A RE /&
AD R ML P R SR A 5 (1 4A) o Sl a5 B
RESISTIN f# 75 A [F] 240 A 2 A0 b i) w8 AR A O, e B0

RESISTINAH G AH S 7EAD 4% ML A% A M (R 1. 2. 3.
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CD8" T iy A Fn A5 TR B A 3, AD R I
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[A¥ (macrophage migration inhibitory factor, MIF) .
CD99., Ik I 20 S 4 S P 2 11 B = R U (lymphocyte-
specific protein tyrosine kinase, LCK) , cH¥EEEE K Z 1K (c-
type lectin receptors, CLEC) , “E-¥LWHEELE R (GALECTIN)
TEM LRI A B A (amyloid precursor protein, APP) Al
RESISTINZG /3 i il A M55 0 B3 58, HMHC- | |
CD99. CLEC. LCKFI# 5 % W B2 (integrin subunit beta
2, ITGB2) A4 Wi i {5 9 5k (K14C) o R
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P AT UL, MHC- T 15 %538 B 76 AD SR I A 3 12—
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Fig 3 Differences in the number and strength of cell interactions between AD patients and controls
A, Bubble plots of the number (left) and strength (right) of cellular interactions in GZMK" CD8" T cell. B, GZMK" CD8" T cell as signal sender (left) and receiver
(right) versus other cell interactions between AD patients and controls. Red (or blue) arrows indicate increased (or decreased) signals in AD patients compared with
controls. C, The differences in the strength of inter-cellular communication between AD patients and controls. The colored bar charts at the top (or right) represent the

sum of absolute values of the column values (or row values) shown in the heat map. The red (or blue) in each cell indicates an increased (or decreased) signal in AD

patients compared to controls.
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Fig 4 Difference in information flow of signal pathway in cellular communication network between AD patient and control blood samples
A, The bar chart shows the difference in overall information flow between AD patients and controls. The red signal pathway is enriched in AD patients, while the
green signal pathway is enriched in healthy controls. The font color on the ordinate represents the significance of the Wilcox test, with red and green representing P<0.05
and black representing P>0.05. B, The overall signal pattern in AD patients and controls. The top (or right) bar graph represents the sum of column values (or row values)
displayed in the heat map and the darker the color, the higher the signal strength. C, Statistical of the incoming (left) and outgoing (right) signal patterns of GZMK" CD8"

T cell in AD patients and controls.
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Fig 5 Differences in changes between AD patients and controls in intercellular ligand-receptor pairs between GZMK' CD8' T cell and other cells
A, Probability of communication mediated by ligand-receptor pairs from other cell types to GZMK" CD8" T cell; B, probability of communication mediated by

ligand-receptor pairs from GZMK" CD8" T cell to other cell types.
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