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The Role and Mechanisms of PD-L1-Mediated Immune

Regulation after Ischemic Stroke

ABSTRACT

Major: Emergency Medicine  Student ID: 2021020020074 Candidate: Hang Hang

Supervisor: Prof. Guofeng Wu

Ischemic stroke is one of the most common causes of disability among
cerebrovascular diseases. Inflammation and immune responses play critical regulatory
roles during its onset and recovery. Recent studies have highlighted the essential role
of monocytes and their differentiated counterparts, monocyte-derived macrophages
(MoDM), in post-ischemic stroke immune responses. However, the regulatory
function of programmed death-ligand 1 (PD-L1), a classical immune checkpoint
molecule, in ischemic stroke-related immune modulation remains incompletely
understood. This study systematically investigates the expression dynamics,
functional roles, and therapeutic potential of PD-L1 in post-ischemic stroke immune

regulation and neuroprotection.

Objective:

1. To delineate the dynamic changes in programmed cell death protein 1
(PD-1)/PD-L1 signaling in peripheral monocytes after ischemic stroke and
characterize the expression profiles of immune checkpoint molecules and
myeloid composition using transcriptomics and high-dimensional flow
cytometry.

2. To investigate the role of PD-L1 in regulating MoDM function and evaluate
its effect on post-ischemic stroke neuroprotection and age-related differences.

3. To validate the critical role of MoDM in PD-L1-mediated immune regulation

and neuroprotection, elucidate downstream mechanisms, and assess the

v
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therapeutic efficacy of targeting this pathway.

Methods:

1.

Public transcriptomic datasets from human ischemic stroke peripheral blood
were analyzed to identify differentially expressed immune checkpoint genes
in monocytes, with a focus on PD-L1 expression across MoDM subtypes.
Peripheral blood mononuclear cells (PBMCs) were collected from 10
ischemic stroke patients on days 1, 3, and 7 after onset and from 5 healthy
controls. Mass cytometry (CyTOF) was used to assess the composition of
myeloid subpopulations (cMono, iMono, ncMono, DCs, pDCs) and
PD-1/PD-L1 protein expression dynamics within CD45" cells.

In vitro MoDM models were constructed using mouse bone marrow-derived
macrophages (BMDMs). PD-L1 expression was modulated via siRNA
knockdown and overexpression, and MI1/M2 polarization markers were
quantified under LPS or IL-4 stimulation. In vivo, tMCAO and dMCAO
models were established in young and aged C57BL/6J mice, respectively, and
treated with PD-L1 neutralizing antibody (PD-L1 mAb) to evaluate
neuroprotection, inflammation suppression, and blood-brain barrier (BBB)
integrity.

Clodronate liposomes (Clo-Lip) were used to selectively deplete MoDMs
from ischemic brain tissue, combined with PD-L1 mAb administration. TTC,
HE, Nissl, and TUNEL staining, behavioral assessments, flow cytometry,
immunofluorescence, Western blotting, and bulk RNA sequencing were
applied to evaluate the role of MoDMs in PD-L1-mediated neuroprotection,

inflammation control, and immune microenvironment remodeling.

Results:

1.

Transcriptomic analysis revealed abnormal expression of multiple immune
checkpoint genes in peripheral monocytes from ischemic stroke patients,
among which PD-L1 (CD274) occupied a central position in the PPI network

v
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and was more highly expressed in M 1-type MoDMSs than in M2-type. CyTOF
analysis showed that, after ischemic stroke, the proportion of cMono
increased while iMono decreased in peripheral CD45* blood cells. PD-1 and
PD-L1 expression levels in cMono were significantly lower than in controls,
with similar downregulation trends observed in iMono and DCs.

In vitro experiments showed that PD-L1 overexpression promoted BMDM
polarization toward the M1 phenotype, while PD-L1 knockdown enhanced
the M2 phenotype. In vivo, PD-L1 neutralizing antibody treatment improved
neurological function, preserved brain tissue structure and BBB integrity, and
reduced inflammation and apoptosis in both young and aged ischemic stroke
mice, with more pronounced effects in the young. Transcriptomic and
immunofluorescence results indicated that PD-L1 mAb significantly
upregulated tight junction-related genes and proteins (Claudin-5, ZO-1,
Occludin), and reduced Evans Blue leakage. Young mice exhibited superior
BBB restoration compared to aged mice. ELISA and TUNEL analyses
demonstrated that PD-L1 mAb reduced TNF-a, IL-1B expression and
neuronal apoptosis, with stronger anti-inflammatory and anti-apoptotic effects
observed in the young group.

Immunofluorescence and flow cytometry showed that PD-L1 was mainly
expressed in CD68* MoDMs within ischemic brain tissue. Clo-Lip treatment
significantly reduced MoDM infiltration and downregulated PD-LI
expression. After MoDM depletion, the neuroprotective effects of PD-L1
mADb on neurological function, brain structure, and apoptosis-related proteins
were weakened. RNA-seq analysis showed impaired activation of the
PI3K/Akt pathway and increased expression of pro-inflammatory chemokines
in the absence of MoDMs. Immune infiltration and flow cytometry results
demonstrated that MoDM depletion altered the distribution of macrophage
subpopulations and reduced PD-L1 mAb-mediated regulation of Ml

polarization and p-Akt expression.

VI
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Conclusions:

1.

PD-1/PD-L1 expression is downregulated in peripheral monocytes after
ischemic stroke, accompanied by alterations in myeloid composition,
indicating immune checkpoint dysregulation and weakened myeloid immune
modulation.

PD-L1 regulates the pro- and anti-inflammatory phenotypes of MoDMs;
PD-L1 blockade exerts significant neuroprotective effects in ischemic stroke
models, with evident age-related differences.

MoDMs are the primary PD-L1-expressing cells in post-ischemic stroke brain
tissue and play a central role in PD-L1-mediated immune regulation and
neuroprotection. MoDM depletion markedly weakens the therapeutic effects
of PD-L1 mAb, supporting MoDMs as potential targets for ischemic stroke

immunotherapy.

Key Words:

Programmed death-ligand 1 (PD-L1); Ischemic stroke; Monocytes;

Monocyte-derived macrophages (MoDMs); Neuroprotection
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B A BRI 2 F AT AR SR S o R AR I A v S SORE B S AR S T
THA EEE L
5 AR ERIHT A

AW TS5 A ia AN LR b AEE B2 I ARG, R4St
HF PD-L1 A S BAZ R IR E VR4 (MoDM) 4oy 1 4% 75 Bl i 1 4¢ v Ji5 #h 28
JERE TP IR FH A BRI T T mr 47k

B, =T GEO #¥lE FEMAME B, AR IR 1 SRk 26 b 3
A1 BRAZ A I T S e e A T IR IA M B A, IF4E S CyTOF il
TARIIAR, RADFIT T SRR 25 5 A0 8 S e 40 B i I e e A Ak, B
PD-L1 7E oA v fE TR . vk, @il B #4075 BMDM I
SHASWAARFE I RER AL MoDM, KHIE T PD-L1 %t MoDM IhfgR AL 451

3
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Fo R, SRR R4 AR A Bulk-RNA W7, 247 1 Sk 46 b 5 20 sz
N Ak S 24k PD-L1 Rk AR I 72 7 5, K PD-L1 $5e fE HiifA (PD-L1
mAb) - FRA [F RS L ANAN [ ik P 26 tp R F /N B, IR T PD-L1 B IS ik
MVEA AR TT IBOR, IR0 AT T HARRS SR AL 22 e itk o i —Pilid Bulk-RNA
Feor#t, BARG T PD-L1 FEWT7EAS [RIAE R L i i 25 a7 R ML 2 5% . )
N TIRASRDS PD-L1 A3 MoDM % R 7E SR L PE A 7 5 o 48 98 RE (1 AL A&
Thig, AWEFET S BERAEF A (Clodronate-liposome, Clo-Lip) % 4% 1475
MoDM, 5iE | MoDM & &5 Sk I A 1 5 PD-L1 ) EZRYE, 012 T
PD-L1 {461/t MoDM 7E  fi 14 2% 7 J5 4¢3 1 42 7 B4R F ML o
B RIHT R T

(1) AR 57 PD-L1 A%, RGIRGT HAE SRR B W 4H i
(R BB AFAE S FL R A% T e s

(2) B #fi MoDM 2 &R I 14 45 1 i ZH 2R 7R PD-L1 (19 E BERIAKIR, FEIRIF
PD-L1 J8id if#% MoDM #SRER AL i B b 245 44 ) 350 S e o 455 2 5 B i 1
Ly S P Sl R ESE LAY VS AR

(3) 475 PD-L1 FHAENRFERE 5 RN Z 5, A2 E R 2 &
10 Gy T TSR M B AL FR IR A

AT FE T IR G 28 15 F MoDM. 7 ik I 14 2 J5 805 S5 82 A (T 5 7R

H S ORI PD-L1 i 142 MoDM e R AL JAH G K 1238 Fr A S & LR 301
il o
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Ischemic Stroké\.
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v
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uroprotection ? ?
: ’ F 5 MoDM

K PD-L1

Neurotrophic * = . &

factors FVrN

Anti-inflammatory
MoDM

+ Neuroprotection
« Inflammation inhibition
« BBB recovery

S 2 pout
PD-L1
/’ Inflammatory
f‘ stimulus

Pro-inflammatory
MoDM

} PD-L1
e

Inflammatory

cylokﬂ? . =

Degenerating neuron

» Tissue inflammation
« Inflammatory cytokines
« Cell death/apoptosis

e SR b SR ML R R (BBBD IR, A1 E BRAZ 40 AT 2 B GE Rt N ZH 28, FEork
NEAFTRE R BAZRIE A (MoDMD o 7EAIERIBE T, MoDM nJ [alfig 48 2 ak
PR AL, ik PD-L1 H SRER /=4 . {2 %4 MoDM BB Z Fl & 1% K1, 3898 )5
HAIE RN, P TCIG; PR MoDM W AT 43 bt 4875 72 K1 I J$RE & B 5
fieidt BBB 2K, KIEMAELRIFIER .. AHEFHEISE PD-L1 % MoDM ZhREIRE 1, R4St
I B LA SR A A o S S B I SR R b B S s E AR T (AL
B 1.1 PD-L1 A5 5 B4R VR E W4 i S B RS AEGR I M 26 P S & ROE P E R~ B B
Fig. 1.1 Schematic representation of PD-L1-mediated MoDM immune regulation in

post-ischemic stroke neuroinflammation
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FBo RIMMEZEPEINE LZEE PD-1/PD-L1 FRiA%F
ERABSTUHR
LIS

SRR AN S BUR IR A D, 51K — RN R G e S, P
LA iR 5 A0 e R G802 R S . WETEER B, SRR 26 o s SAEANNUR BRI %
MW, EEREINE He g% R T E AR07 181, BAZ M (monocytes) TENG
R PEHI R By, A2 Gk L 2R o J5 ST 7% 28 Bk I (X 2040 9 D e & 5+
[ E BRI (MoDMD , TETEFRBAILA L. W4 50 N AR 2 SUE T TH K
FERZOPEIR2, SR1T, MoDM TE i M1 25 v 5 22 0 HE v B2 (T 98 1, AR R B8
PLR TG SRR WA B RS 40 4%, Hoh S K0 A /0 (immune checkpoints) AJ
REC B SR

e A RV E I A RGOSR S 1, LI I I B A VA S e
TR T RE, DAYERF e fa s, Z MR & ¥ 1 James P.Allison 1 Tasuku
Honjo #&H, AT S8 ih Y7 i B 2 fi 30, H TR S BN IR A S e
M5 T3 CTLA-4. PD-1/PD-L1. TIM-3 fil LAG-3 5034351, Hd1, PD-1/PD-LI
T EE BT IZ A OV S IS A B L, Aefg im0 T 4EMvE AL, Bk
R RRE MR, SR, MRS SR, e R ROAMYAE T 40 i 3% b
RYEEAVER], 3T 12 RIETHE RGN, I rT Resmm H 4RE R A0,

S T A A A BOBE 78 E AR TR T 1 B G PR AN PR S A ik, i
FESR AR SR I 26 v 5 2 R 42 v VR TS 52 31 5GTER™) RE P IR AE T 32 4-1
(PD-1) K HAAREFIEIET fifA-1 (PD-L1) FESRILTEZE 5 _FIRE0, 3R 4h
JE G M B R A o At AV S e R A R, AnZm I EE I T Ik 2 40 M AH S AR 4
(CTLA-4) T 4Bk B SR E A4 IER-3 (TIM-3) , @5 T 40
PRLTE A I R B SO . bR TR A IS B R -3 (LAG-3) fESR ML PEA 5 A
BT S i 521420 IX e mi U 48 R R . T S B A S AR i I PR A P R R E
SR, K22 AT 504 Hh T v 381 R ol i e 2 o 10 8 S 43451, A2 R e if A 4
R S B LR BB AT BR R o B BE R IV AR ol 8 5 SO NIHSS 17 53-<501464,
TN HMKE T RED, B H B R, 29 =73 2 — 88 FE SR PR 26 v £
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HARELZIERIRTT, HBAK ARG R, Hik, REMBLG R SR
R A AR o 5855 b (K R IA R AN B 25 AR A A B T IF RSP I S 8973, DLk
HAR FESR L PE A B 1T

iR AR (Cytometry by Time-of-Flight, CyTOF ) 1 Jy—Fhaif s i 5 ik 7
PR, Befs ST S br E P 0 B SRS HERT I, CU7E 2 /B B A R IR
FEERAE G A B A 2347 e 79040 BSRIZHAR CEBR LM A S PR AL v 15 5]
— 58 N 55581, R o ik A e g e LR R B A v B A A IR A [ R G
AT+ A R

AT FEEE T PR PE AR h S8 1 AR R LR AR, 456 e S AU 5 AR5 B
OTVE, RGRL R LIEAS S A1 AR A B G A AT S R R R RIS AL .
— il CyTOF mdEii AT HEAR, 75 B 7K~ b J3 T G2 200t U 440 o 2
PD-1/PD-L1 S5 K & MBS . AHE T B TR AR SR L 26 v /5 41
B R S PRI BRAR, N S SRR ) TR R 2R B AL BRI SR
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1 #5758
1.1 #%
11,1 PR R B s A Ak 2

e PRI 2 1 B SR YR T 56 [ [ L AR RS Bl (NCBD) 4R 1 R 08
22 5B E (Gene Expression Omnibus, GEO; https://www.ncbi.nlm.nih.gov/geo/)
KWLM E R4 : GSE61298 Fil GSE22255. GSE61298 #i#E 43 T
Ilumina HiSeq 2000 “F& (JERE M GPL11154) 3RH RNA FikiE¥dE, wra
o e (A SRR 1) B A P, TR TS AN [ 4 B R 5 5 0 A AR RIS AR AS 1T
if, LA 7 M EVEAIRI A, SRR 3 B4 E R . GSE22255 Hidfi4E
#F Affymetrix Human Genome U133 Plus 2.0 Array “F& (GFERC4: GPL570)
AL 40 BIRPRFEA, Hb skt d (IS) H3g 20 B, X 20 #, FraFeA
PRIEF M E MR AL (PBMC) o D 7 AR 206 )% RGE T R,
AHR GG — 3% T I POREAS,  DAS > AR 8] (1 A2 2 e o

FTE IR AR EE 238 GEO ¥l A 0T B R AN H U/ (Series Matrix Files)
PrAEA R SN B, RS BT AR & B SRR & IOVERE SO EAT B R 4R 4 1D
5 BRI 75 AR HE AL VT .
1.1.2 NAE 40 R4

(1 fEEHEUE 5T %

AT KRG BN R I B EE B AR BE R Sl o (HtHES . 2023228K) Al
S FHERAC S Lo itdE (EHES . TYYY-2023-XM-38) . W5 %A 2023 4F
12 % 2024 4 4 F WIR7E £ PH EEBE A2 P9 RE =005 X 512 I E012 R Sk Sl v 2R
Tt R . BIFSTHAIE], 3k 631 91 A3 DR B PR L 1 A e N B

F2 R I P 25 (mild ischemic stroke, MIS) 5 BT A7 i ifil 4 2% FF 95 451 11
30%-50%, SedH WA A Y — 01, BARIGR R DU X e, (HER A Hm
PEA TS T B 5] K — 8 R FE AR S B i L, JHC o A S R (1 TS 5 e 328 3 52 31 GV
SRT, DA T2 AR T NIHSS>5 iy rh s FEGR I PE A o N, 0T AR ALl 1k
M LA A B 5 % ) R T B A R

A r R St A PR T R DA I L A R AR i T () G 3 R i R T I
WETHIMHER . WREEF 2 HEERRT, Wikloste (R A5 R %

8
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il JE 5], rt-PA) EHLEAE (mechanical thrombectomy, MT) , 1fjiX 671
Bl AR 5 R 22 51 R e Mo Bl . 0, -PA AT GR AR TE . R R
BB, F5 M0 TG J57 e 1) 52 160 6115 BVT ] B DI WU 6 1 4 = 3 % &1
Gutk A RSN o Ak, R A R R R L i) B RS A I
(03, N T G N R A, AT 448 2 S5 i 1 A v A B ) G R
M2 R, MIS B 2800 ICU 4 el S HURIyayT, WRTFHiR D,
B GPORSHNARE, BPRE, RERE R RIEZINETIREUN, B EE
FH 4R 7 it Ak 25 rp A B St A1 4 28 2R 8 2 /R T o HL 0 I 4 38 4 1t B A
] L S e LR LI P A i P A VR s AR A
BT, AR S B Bz 52 VA AR ORI EROAS AR o E
(NIHSS<S) 1A FX R, RATReHEBRIGYT HIERRETHE, DA RS HEHLER Tk
LA 2 o 5 A0 J8) S 5 A0 B R I P AR AR ALE , I i A 24 o S S s Y2 ML B
FCHR AL BT AT FE 1 R Al
NI IR, AW FUCRICL TS OQESENA: FrafFa AR
PRAER R E B RGN T bR IR : B SR T S — MG AR5
B hritE; BRI B AR AT 8T 7N AXTIRIRSE R AR FF B A5
@SR NINTERNE RS 1B, DA G — IS L T R I £
. FTAASEFHENARSE P mE RS,
(2) BTG S NHEFRE
ARHFFILPN 10 Hl SPEERR G MM A (mild ischemic stroke, MIS) ¥,
5 BIFERE S AR VEECHIRT R . B S T AR Ja 24 /NiF L 72 /NiF K& 7
KRREESMAMAE, T 5 S5 2 17 o
1) Btk A2
a) PANbRdE: © Fi#>18 B @ FFE SMEBRILIEA i R kLt 4 D)
Redhdil: © FIMIE MM IIREER (NIHSS<S) ; @ d#id iR i
FRG (MRA) KEREUNBUSAE (DWD IE S A FT A R L1 A
® KIH 2N A] 4.5-24 /B
b) HEBRbRAE: © MARFIESONH MR @ HAhh A R G50
IREA S @ REAEAFEPHZ T RERRAS (2 R Rankin £ mRS >2);
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@ FEFWEAE; © BEAARIMEOAR B 244 SR L © i
M IR A B IR s @ R BRI
2) KR4
a) IIAFRHE: FEEL 60 %, JowR IS LA o s
b) HEBRARHE: HEUM AR - EL
1.1.3 EEACGER B M SR AER,
(1) FEA
®21 FEMBRE

Tab. 2.1 List of main instruments and equipment

E S & (EZO
Helios Jit i it X Fluidigm (3£ %)
B0 Eppendorf (4 [H)
R ETR S Thermo Fisher (32 [#)
K& Thermo Fisher (32 [#)

(2) EERFNFEH
2.2 EERFFEM

Tab. 2.2 List of main reagents and consumables

R Jx (EZ0
FACS Buffer BioLegend (32 )
B WHE Solarbio (7 [H)
Ficoll 4 Bk GE Healthcare (3£ [#)
ACK 214 o 2 A Thermo Fisher (3£ [H)
Fix and Perm Buffer BD Biosciences (3£ )
1 X Permeabilization Buffer Thermo Fisher (3 [#)
Foxp3 T il & K eBioscience (3£ [H)
DNA Zeft i Thermo Fisher (3£ [H)
194Pt FEIE el Fluidigm (3% [&)
Antibody mix (Surface) BioLegend (3£ [H)

10
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£ 2.3 FERFFEM

Tab. 2.3 List of main reagents and consumables

HFR

J % (EZO

Antibody mix (Intracellular)

1.5mL/15mL &0
70 b m 4
1640 F:fili ks 753
Percolll
AR kS R
DNA [

I J5 2 1
b U I
G=ENIR= SN
1 7 A B I 741
HREHR
A-iE A
TR Bh 2 vl
SE B 2 P
TR R i
1] /BB 44 VK
V] /B I 71
Pk 4@ bric ik 7 &
194 JIFVEABE I B4 0711
DNA et
AR
RAETIER
e

BioLegend (3£ [H)
JET BIOFIL (+ )
JET BIOFIL (&)

BD Falcon (3£ [H)
BasalMedia (7' [&)

GE Healthcare (3£ [H)
PLT (H[H)
Sigma-Aldrich (3 )
VETEC (+[H)
Invitrogen (3£ [H)
Gibeo ()
Invitrogen (32 [H)
(A G A=)
Sigma-Aldrich (3 [)

GENOM (1 [#)
FLUIDIGM ()

Thermo Fisher Scientific (3 [X)

Thermo Fisher Scientific (3 [X)

Thermo Fisher Scientific (3¢ [X)
FLUIDIGM (3£ [H)
FLUIDIGM (3£ [H)
FLUIDIGM (3£ [H)
FLUIDIGM (3£ [H)
FLUIDIGM ()

FLUIDIGM (%)

1.2 ik
1.2.1 AbE AL PR UETRFE

11
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(1) Ficoll ¥4} & PBMC
1) A 10mL B3R R L N A R AR HE 7 2 S0mL B0
2) HBUBrf) 50mL &.0%, HIA 10mLFicoll 43 B .
3) H PBS ¥ MLFFHREZE 20mL, FFEISITE BEMA Ficoll 4> Bl LJZE, &

GeRIA I
4) FEEOE R, BAKTEONL, BOETHE 1. B 1, 400g B0 15 5

B
5) B, ANLIRER Ficoll 2 EJ7 Mg, fREHZ) 0.5mL 4 PBMC 17k
6l H ImL B 5 1Z Y sE PBMC B = 28T 50mL 5504, #i {& Ficoll
JETCAH R B
7) I\ FACS Buffer & 30mL, 400g &0 10 7341, 35 Bk,
8) A ImL ACK ZLAHMIZARI, FRWATIRS], SihahE 1-2 7Pk
EERARE
9) hn\ FACS Buffer & 10mL, 400g 250> 5 7050, #%E i,
100 H 4mL FACS Buffer 240705, U 10pl 450, M & 0K 4L
WO Z0E 58, BEAT 20 T4
1D FHREL, 77k, WEMRITESH .

EFsEiE ——  EEFicollE [P PBSEREEX [—P FHEZFi0lE
ERiH —— EETORRE (A RROEE [ EEREED

St _FING . o 21.030-1.035
PBMC (3 & fm B& 345 fm 12.1.070)
Ficoll —> Ficoll
— rmin
S HWE % 4% & fm Ao
1.092

SR EE

FicollZy B AR AR IBRUR B

2.1 AME MIRE PBMC HEREE

12
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Fig. 2.1 Schematic diagram of the peripheral blood PBMC extraction process
1.2.2 Gt brifkifife
(1) SEIGHN A
1) A Ficoll i MHTEEANE I CRAESS 24h W) H73 & PBMC, T
3104082 1.5mL B0, WAGLA -
2) MR 40, BEE T, HHEMRRESRE, EHEREAMS.
HU 3x 10410 2= 1.5mL 25004 % H
(2 JEG
1) f# ] PBS B 2K E 0.25uM 194Pt(1mM)FETE J7K .
2) BENFEAMA 100pL 194Pt JEIE G4, HEAM, K B E Smin.
3) JEA 1mL FACS Buffer, ¥320E%), 4°C 400g &0 5 min, 72 LiE, &
FPG 2 IR
(3) 4
1) Bl Block mix, B/NMFEAASFH 50uL.
2) JI 50uL Block mix H &40/, VK L E 20min.
3) WHLEHRGE, LHEERH AR, BEEIA Antibody mix #4744, [FHS
FFUGECH] Antibody mix (W3 2.4)
(4)  Mashgeta
1) Bi#ill Antibody mix (Surface) (MWFK 2.4) , FHEMEFMFEAMA 50uL (5
A& 50uL Block mix # &, &MAFRN 100ul) .
2) BRWATIRAI40M, VK B E 30min.
3) SN\ ImLFACS Buffer, 4°C400g &.0> Smin, % Ei&.
4) fI ImL FACS Buffer, BEWE 2 Ik, LLEBRARG EHUE.
(5) 4l € 2 DNA et
1) 8/ Fix and Perm Buffer P | 23 & 250 nM Ir (500 uM) 447K
2) HU200uL Beii B4R, R E 1h 80 4°Ci i bl e o
1.2.3 Gt e EALRAE
(1) B
1) 1x Permeabilization Buffer: F ddH-O % 1:10 #% 10x Permeabilization

13
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Buffer.
2) Foxp3 Tl# 52 : F Fixation/Permeabilization Diluent #% 3:1 /RF1 LLF B
Fixation/Permeabilization Concentrate, FEMFEAMEH] 100uL.
(2) A E
D) VG fAMFEAIN ImL 1% Permeabilization Buffer HE4HifE, 4°C
800g &5.0» Smin, % LiF, HE 2 K.
2) [EEAbEE: AEAFEATIN 1000l Foxp3 Tl e, =AM, =EME
30min.
3) [E5E JEiEdE: BAFEANIA ImL 1x Permeabilization Buffer, 4°C 800g &5
O Smin, #E EBWE, EE 2 K.
(3) MRt
D WEAIHES: R E A, BCE Antibody mix (Intracellular) (W3 2.4),
2) Yeft: [EAMFEAINI 100pL Antibody mix CIntracellular) , =241,
VKBS H 30min.
3) WEWE: BAFEAMA 1ImL 1x FACS Buffer, 4°C 800g 250> Smin, 2 L
o
(4 4Hfi ELHER
D g E B FAMEAINA ImL ddH.0 HEEAIM, FEABHRMREEE SmL
IR UE
2) EEEEDE: M LSmL B0 PN ImL ddH.0, BRWRITTHERE, JF
W AR 2 SmL IR M AV .
3) &RJEWE: 4°C 800g &0 Smin, F X L.
4) AR ER.: FMEAIN ImL ddH0 BE 24, B 1ouLl #1730
5) IEFE EHL: HEFEAIE R Helios g 2UOGHEAT R .

14
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# 2.4 CyTOF Panel {5 5

Tab. 2.4 Panel information of CyTOF

List Label marker List Label marker

1 89Y CD45 22 159Tb CD56

2 115In CD3 23 160Gd CD68

3 141Pr CD62L 24 161Dy CX3CRI1

4 142Nd TCR vy /6 25 162Dy CDlc

5 142Nd CD19 26 163Dy CD33

6 143Nd CD27 27 164Dy CD38

7 144Nd CD14 28 165Ho CD141(Thrombomodulin)
8 145Nd CD115(CSF-1R) 29 166Er CDl16

9 146Nd CD54(ICAM-1) 30 167Er Granzyme B Recombinant
10 147Sm CD197(CCR7) 31 168Er CDll1c

11 148Nd TIGIT(VSTM3) 32 169Tm CD185(CXCRS)
12 149Sm CD25(IL-2R a) 33 170Er CD172a(SIRP a )
13 150Nd CDI123(IL-3R @) 34 171Yb CD279(PD-1)
14 151Eu CD45RO 35 172YDb FOXP3

15 152Sm CD195(CCR5) 36 173Yb IgD

16 153Eu CD194(CCR4) 37 174YDb VISTA(PD-1H)
17 154Sm HLA-DR 38 175Lu CD192(CCR2)
18 155Gd CD45RA 39 176YDb CD366(Tim-3)
19 156Gd CD184(CXCR4) 40 197Au CDh4
20 157Gd CD274(PD-L1) 41 198Pt CD8a
21 158Gd CD86 42 209Bi CDl11b

1.2.4 4y
(1) Bl PEAE IS B2 T
AT e AR BT T RGAEWE B 5087, 5%, FIA DESeq2 3K
AL I 2 R R IA FL K (DEGs) , i dnifE N IE P H (adjusted p-value) <0.05,
H|log2 f#%%351k| (Jlog fold change|) >0.263 . 7 3L K (K AT ALAL 2> BT K ] ggplot2

15
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(v3.3.2) k1B (Volcano plot) o HE— 0k, ik i) 2z L IR gh 47 2
K444 (Gene Ontology, GO) & 5t #i5: K 5 2 K 40 F #1415 (Kyoto Encyclopedia
of Genes and Genomes, KEGG) &4E5-#, f#H clusterProfiler (v3.14.3) #fHH
S G R AR DGR R SR F LA B S A0 Gene Cards %045 % F#%. 5 DEGs
WOZ A SRAT e A A R R ) G 2 B R . 7R BAR R I, ACHE 7R H
STRING 4 FE# @ 85 -2 FI A EL/ER] (Protein-Protein Interaction, PP %%,
Fridit Cytoscape (v3.9.1) #ATAHAL, DIRZECBER M EAERR, MIMELF
M PR A A T RE P BT EAE I

(2) CyTOF ¥ #t

JEAEHE R A S5 T I e SEmE, AR OREAR T & . ASRHLIRIR) fes SCAF
SRR ENIT — KB . B /B EE A DL PR

1) B AL 3 .

{8 FlowJo # M Bk (140Ce-) , BIBRIE R (1910r+ 193Ir+) , R
Zp (194Pt-) , FFERIRAEAN (FHAKE<20) , L3 CDASHL AR BET )5

gt (E2.2) .
REACHERER  RBRAEAMNE PRSI Rikas+ i R FRAT

» " !
P ? P o » 2 s couse
w'e w4 e w'e w'd e
- 5 e ﬂ
{ v | s g j=e |
T’y ¥ %!ul 2w i-oi
g I 8 7 ]
i A, 4 3 5, 1
iv'd | 8, 5w B,
an | R 4 Sl | Rl ;
b £ * 3 :
ki 3 i H i E
o d 2 N od o] U i
|
Ty vy v T v
) > of ' 2 A ’
e " W e W W W ¢
I

W

11111
-------

& 2.2 CyTOF iR Hit B~ & A
Fig. 2.2 Schematic diagram of CyTOF data preprocessing
2) Y3 S AL
K X-shift RBFEXTAIMIREAT 708, IF2E TR SR ISR AT A1 2R
BRI SR A E R R A, DORBIA R 4EI R KA t-SNE (t-4)
BRI RN AT IR 4E, IR —4En] AL B dE .

16



r [ %71 Y

SN BERNR A A A8 5

Patient inclusion/ v - : r >
| Stmonsceen. |  [E5hea] [24n] 72h° (7d ]
] ten "
|
Peripheral Peripheral Peripheral
Ischemic Blood Blood Blood
Stroke
Health Person PBMC
(n=5) Antibody Panel <,
ase I 42Markers <. (@
" nd LR ind _ y — > @ Y —
Peripheral ® s ol
Blood ®
Ischemic Stroke Patient Cell Isolation Cell Staining Mass Cytometry
(n=10)
d S

v
a1 Before Normalization

. . "l‘ldhh ,ui,h,l by

M
l r
g ‘.
(4
Signal Intensity

e RFARMANSIA (n=5) MBMPELE T EE (=100 , A BEFE TSN IE,
FEAER G 4.5-24 /NN 7350 T 24 /NS 72 /NI 7 TESREESNEIL, 732 PBMCs
JE R 42 Flbs A HT A TR AT e €, 38 5 i 1 9 2041 R (Maass Cytometry, CyTOF)
Rl B2 bR AL LS, SRAMIRBIRE ST, S22 (heatmap) . t-SNE FE4ESE
DTVl S A S e 4 B 1 Bh AR AR A
] 2.3 gt {4 2 o A6 3 A/ ) I G0 40 R B o U AL Y SE TR AR
Fig. 2.3 Experimental workflow for CyTOF analysis of peripheral immune cells in ischemic
stroke patients
(3) Gt

Ft & B35 ¥ 48 F SPSS 23.0 (IBM Corp., Armonk, NY, USA) E{ GraphPad
Prism 9.5 (GraphPad Software Inc., San Diego, CA, USA) #4741t 4. E&ME
¥ 56K FH Shapiro-Wilk 5% Kolmogorov-Smirnov #5546 .

XIS A EE, SR DIERMEE (MeantSD) XoR, 4IAJELECK
FAMSIAEAR t #2595 (Student’s t-test) ; X THAEIER AW MEHE, 4558 b s
V9srfifE (MediantlQR) FK7x, A L E A Mann-Whitney U 15 .

Z A BT, BRI IERS AT, MR SRR T Z 70 (One-way

17
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ANOVA) , JF# 1T Bonferroni H /5 & 1E: & A MRMIER 7341, WAL H]
Kruskal-Wallis f&36 . Xt T3 A~ HARE (U BS540 B 7320 19 s256Beit,
KHHE T Z M (Two-way ANOVA) HEITSEi, FHARYE T Ei T 2 R
RIE. BT R NS, P {E< 0.05 #AN B A Git 24 g .

[z 3 = 5 : ks AR BIRE |
ARt (= ALE!
xR AN | o (i A sk 2
o ~ (CyTOF) BGRERILI eSS
. P SRR RG]
e || A REN A R | e || FElLRasitEs
sseseer | | ¥ || [om || HewwE) AEAE . H—hme
st | TP L SIS | o0 IR/ B
) BERINAE || A (8% BRI TRIAHAL.
RESREG Lol 24h, 72h, 7d) M
RESXE ‘ IS A M

Bl 2.4 F—EIERBLE

Fig. 2.4 Experimental design and workflow in Part 1

2 4 R

2.1 RBERE RAFEGR I 1A b B8 3 B 4 i SR IA R AE S DY e AR SR A Ay
2.1.1 i A b R A I B A 4 A A A A [ A A

R FEET AT MBI, 256 EWEBZ0H, Rkl rEsd as)
SEE AN AL A S B e A R DG DR [ R AE o A BTSSR R, SR
ML, 1S A A e & U R R IA KPR B2 R (2.5

T AT (PCA) 7R 1S 215 % HEALFE S N R IEM A H AR & s,
RPWHAR A RAZIEAHEZESR (K250 o KLESTE—P R
TR AR R SRR IR 75 RS (DEGs) , HH o) e A A
HEREZE EHE T (FC|>1.2, P<0.05) , /X8R R AT ELE Sl it 2
S S R R P R IEE T (B 2.5B) o REISHTE— BT R EIE
AL B i 2 1) 40 A~ DEGs (8] 2.5C) .

FRE TR, 1E DEGs 5 CA et & R R e, JLffik it 18 Mk
SR R DGR (| 2.5D) o BEEEAE (PPD NZS TR, XLtk
K2 [MAEAE R 24 AR ELAE b PD-L1 (CD274) #4558 NN, R
A RELE SR L 25 PR DG S s iR A b A oL b (B 2.5B) o bR, FEZES)
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MriE7w, IS 44 CTLA-4. ICOS. CD80. CD86. PD-L1 (CD274) - LAG3 #l TIGIT
LA PP A R R ) R ACPARA T X IR R AR B (P<0.05) (K
2.5F) o IXECHERRH, GRILPE A A S A A L A% 0 2 A S e A S A
() 5585 R IA T] RE AR R LR AR b S S s R R R P OCBEE A, Hodh PD-LI
(CD274) W] fg e B E {1 1.

A
.
2.
D
F
16 WmeE  HEE  BER  sEE sEE - s s D » * ® * * * * T Group
144 i ® control
124 il ®s
= =P @E-
£ 10
5 %?*i
E T o® %T +
6 ,L'I' v 3 %é .;;.'E' %* @
4 --i il ?‘

2 T T T T T T T T T T T T T
> S e - 2 2 @ ) > > N S S
L S SN GO & & &S T S
) =) S o L N W e g & &
& LS Q&_\»’-" T & ¢ F ¢ & & s S
¥

FE: (A) ERGHT (PCA) SR IEH XA Skt A s (IS) B ERIRE K LI
ATZES: (B) KILEIER IS B AL 2 73808 2 (DEGs) , 2Lt BifEER,
WA N EFEER ([fold change| > 1.2, P<0.05) ; (C) K LW KA EE N DEGs 7EM 4
6] #3534 (D) 5 BE SR DEGs 15 G 5 s RAE I ZC 4R, i il 18 ML OB A

(Hub #£[X) ; (E) PPI 4% 70 r#8 s Hub B0 B E DN BEEHE, 7 sl Fon ok 2 &
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(F) FHZLEILLEL 18 /> Hub SERITE R AL E] R IAIKT. (#P<0.05, **P<0.01, ***P<0.001,
*dkk P <(0.0001) .
B 2.5 Ghifn P26 S A0 R L Ao A A SR DR 22 R B (R 40
Fig. 2.5 Analysis of differential expression and immune checkpoint-related genes in
peripheral blood of ischemic stroke (IS) patients
2.1.2 MoDM i il Dy e 3 70 5 G e Ao A o ik R 1) 21 222

BF B odr, BATE—SERIT T IS BEBEORIEERA L (MoDM) )
ANF D RE R AR e ek B B R RIETT I 2 57, L] MoDM R AU 4 5 4
PR A R C B EER R (B2.6) .

TR HT (PCA) Bor, M1 BT M2 % MoDM 7£ 8 540 /K F_ETE i &
AR, RPMAEEFREHEA LAAFEEZER (K 2.6A) o KILESHER
7 M1 5 M2 40 fflal ) DEGs (JFC|>1.2, P<0.05) (&26B) . #EERT
M1 5 M2 49 %35 5 2 # 1) 40 1> DEGs (& 2.6C)

5 BE 547 I\ DEGs 5 G 2 A0 77 pii 56 PRI R R G HY 17 A OR8G5 S5 AH
KA (2.6D) o PPI M it — D4 VXA a fAHEAE A, Hrp
CD274 (PD-L1) {EJNRBEMXAIEEE, FIRELE M1/M2 40 i S 28 42 7 vh ok
HEEER (B 26E) . A, FLESHRY, 5 M2 dAdtt, M1 AR A
FuPERG AT 253 K] (40 PVR. CD80. CD86. CD274 (PD-L1) . TNFRSF9 1 IDO1)
kKR 2 R, T CD276 (B7-H3) 7 M2 A E ERL (P<0.05) (K
2.6F) . IXELLERFH], M1 Al M2 % MoDM 7E A & 40 TR IE 7 HAFE &
HFE, PR HAEGRIL LA T i) S e T AR el e R IE A F DO REAE A, U
7& PD-L1 AJHEFE M1 2 MoDM #H 5% B #& e v BAT s B4R E H
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H: (A) ERSOH (PCA) EoR M1 AL M2 ) MoDM FEAE B 55 K1 L 143 #i 22
S5 (B) KB RRBIAR 2R RIEIEKN (DEGs) , £italy BREEH, Wl R
(JEC|> 1.2, P<0.05) ; (C) # M S I FKik T F ) DEGs {EFHE oAt (D) +
BEE DEGs 5 ta i m 2 RIS S th 17 MH A% R (Hub 255D 5 (E) PPI
M 2% 453 715 Hub 5 [ 8] (P 7E T RE i #2: (F) FZRIEIELEL Hub B RITE M1 15 M2 4 ikik K
o (FP<0.05, **P<0.01, ***¥P<0.001, ****P<0.0001)
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Fig. 2.6 Differential expression of immune checkpoint genes in phenotype-specific MoDMs

induced from PBMC:s of ischemic stroke patients
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2.2 FTF CyTOF BRI 26 o 8 F A S B 4 B 1) P 3 3 B S R 2 IR 3
BERUBR
2.2.1 BEFEBAAY . Sl A o 2 N 1 2 5 1 PRARFAE

N T BRI B A A S e A, FRATHCER T 10 9118 R e L A v S S
FIAEIFEA, BT R S TF & N NFIHEBR AR . A7 AITE SR i M 28 R A TG
51 R ZB 3 RMEE 7 RRE, B FER A (Mass Cytometry, CyTOF) i
750 [RIEE, FE5E 5 AR RIE SI VT T B AMAE R4

FEGR MR RS, 70%EE N FE, AR 58 & (IQR: 54.5-74.5)
BEE LG HEREREEIUE (50%) « mARIAE (30%) R 0K (20%) .
AR IR, ZA T TC B E BRI TT o 4B T BN Ay ik — D AT S 4
e i 1 A S R S AR AR T IR (R 2.5) .

R 25 ZENFNOZHERL

Tab. 2.5 Summary demographics of sampled population

Control (5) Ischemic Stroke (10)
Age 58 (57-62) 58 (54.5-74.5)
Sex
Male 3 (60%) 7 (70%)
Female 2 (40%) 3 (30%)
Co-morbidites
Smoking
Smoker 0/5 (0%) 8/10 (80%)
Ex-smoker 4/5 (80%) 2/10 (20%)
Non-smoker 1/5 (20%) 0/10 (0%)
Diabetes 0/5 (0%) 2/10 (20%)
Coronary artery disease 0/5 (0%) 0/10 (0%)
Hypertension 1/5 (20%) 6/10 (60%)
Hyperlipidaemia 0/5 (0%) 0/10 (0%)
Previous stroke/ Transient ischemic attack 0/5 (0%) 0/10 (0%)
Family history of stroke 0/5 (0%) 0/10 (0%)
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R25 (BR) REAAMAODZRELS

Tab. 2.5 (Continued) Summary demographics of sampled population

Control (5)

Ischemic Stroke (10)

Admission parameters
First systolic blood pressure(mmHg)
First diastolic blood pressure(mmHg)
Blood glucose on admission
National Institutes of Health Stroke Scale
Thrombolysis
MRI lesion location
Cortical
Subcortical
Clinical laboratory examination
C-reactive protein
White blood cells
Lymphocytes
Neutrophils
Monocytes
High density lipoprotein cholesterol
Homocysteine
Monocyte-high density

cholesterol ratio

127 (113-137)
79 (68-80.5)
6.61 (5.49-8.25)
0

0/5 (0%)

7.49 (5.5-9.15)
2.24 (1.24-1.66)
4.82 (3.31-5.71)

0.28 (0.25-0.50)

lipoprotein -

157(149.5-164.8)
94(82.5-100.25)
5.29(4.40-6.18)
4.5(3-5)

0/10 (0%)

5/10 (50%)

5/10 (50%)

1.76(1.33-5.95)
7.15(6.72-10.15)
1.96(1.72-2.12)
4.45(4.17-6.83)
0.60(0.48-0.62)
0.1(0.86-1.19)
15.75(12.68-23.43)

0.60(0.48-0.69)

2.2.2 SR IL A 2 A R R I 4 4 B

AT SRR SRR LA R AN E G REE, AT CyTOF
T AR S I 2 R 2R XS R 4 A AN I BN A A (PBMCs) 1#E4T 1 B
M A AR T THE NS, AT CD45 PBMCs 282804 34 M4 %
(E27A) , Ffdt—B 8GN 11 A EE L REANRERE, F35 B 40/ (B cells)
CD4* T 4iffd (CD4* T cells) . CD8" T Ziffi (CD8* T cells) « HAAZAME T 41
il (NKT cells) v T #Hiffl (gamma/delta T cells) . FHARFAG4HM (NK cells) .
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1% G B 5 R 4l Bl ( conventional dendritic cells, cDCs) 3% 4 i 5 B4 2 IR 48 A

(plasmacytoid dendritic cells, pDCs) « HA%Z 41l (monocytes) - FEHH M 4y
(basophils) PARH#ISr A E X4EMIEE (undefined) (& 2.7B) .

SFEC A BT R I, IS ZHAE 0 J5 % B 1] i 4/ ] Sy 4 A jc ik A — s A8 Ak (&
2.7C) , Hir, PAZAMAE S IYE AR TR E A 1 BT, RS 3 RIAH
FIXTIEE G P, (HIALE TR (P<0.05) , $EoRELEHmME A 5
R S 0 S S AT FR RS S CD4 T 40 EL 5] 75 S i 25 rh 4 23555
By, JUHAESS 3 KA 7 KRBT WA (P<0.05) , FIRE B FE
SHEE ST vd T 4015 NKT 20 7 SR i v 25 b J5 884k 2 R Ry, wIEe
SHIhRef s E 2SO B 40, CD8* T 4. NK 20 g S SRk 4 it
FEG L A o 2 AR A P30, AHR 43 M TE LB It ok T B B Bl 3
171 R P L 20 B R R T SRR o U AE % BT [ i AR AN 35

ARG, R s AR T R 51 AN S S R 2L SR, {H CD4* T
A SRR A B0 56 R G2 200 M SR A7) 2 S B [ e A AL, 3R
HAT BeAE SR ML AR T 5 S 88 5 0 A 285 S v R P AR
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HER, LRG0 A EE AR AE: B4IM. CD4* T 4. CD8* T 41l NKT 41
Mo y& T 4. NK 40, &AM IORGIM (cDCs) « FKANMAER SR (pDCs)  H
T VBT PRI D SR 58 SRR s A IR R & AR EWTE +-SNE Bl Rik 43 Aii: (C) b
g R R S E P E AR R CRIBGIEES 1. 3. 7 K) CD45* PBMC 1 8% G e 41 it S F 4
XFEB.  (EEbrdEZE, *P < 0.05) .
2.7 CyTOF S Hrif ik MLt 26 o B8 35 A0 ) S BE Al PR L R X B A5 3R 4k
Fig. 2.7 CyTOF analysis reveals peripheral immune cell composition and dynamic changes

in ischemic stroke patients
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2.2.3 Z P L A o AR 20 M AR 2E A G A Y S R IA R B A AR AL

it — 0 AT iR R S A A R A SV S B R S R G I R SRR,
AT CyTOF ##E X} CD45* PBMC H [ HE R 40 AT TIR NG Hr o @IS SR I
&Y (CD14. CDI16. CDI123, HLA-DR) %2k, HAPLEwH HRFEH A
AT, GFERIRAME (DO « KAMMFER TR (pDC)  FEZ ML
Z4IM (ncMono) 8L FLAZ4IML (cMono) Al [A] Y %41 (iMono) ([
2.8A.B) .

Ll AR (B 2.8C) R, cMono ZESRIM A HEE T &, H
7f Dayl. Day3 #l Day7 & T4 (P < 0.05) . 52 #%F, iMono 7E#k Il
A2 BRI, R TE Day3 BOM R B FEK (P < 0.05) . DC
FEGRILE A IS AT T B, pDC A1 ncMono 78 %I 8] i AR R L H B E A8 1k

B0 L & R 1 PD-1 J2 PD-L1 13RI KF (B 2.9AB) , 53R K
cMono WAF/EGR ALPEAE 20 PD-1 AW TR (P < 0.05) , PD-L1 F&Ki&JR
ERE (P < 0.05) . HA4h, iMono. DC. pDC 25 #f7E PD-1 1 PD-L1 %
RTTTHAR DR 25, (AR NS, SO 2 20 M A S B SR W] e £E
IR e O

g b, s s v AR R S B R R A A R A B R, R
cMono tE % T & 5 iMono T BRI B &AL, FEBEAE KB B B R T
PD-1/PD-L1 £ cMono 1) i, #7m i fi 14 4% o A Beid i - H0 S e i 1 mod g
) S35 2 200 L G AR B8 7, RTINS SR o 3 Ay Jig Bl o M 2 o S
oA SR ) TR T AR
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RICRGIME (DC) « HANAEM SR (pDC)  FEL SN (ncMono) £ i
H4IAE (cMono) HIFf AR AAZANM (iMono) , 4 BN &R EMTE -SNE i) 28 (8] £ 14
Sy (C) IR E b B St A 4 (56 1. 3. 7 KD &R RWEFE CD45 i R
A RARRT L. (bR dEZE, * P < 0.05)
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Fig. 2.8 Composition and temporal dynamics of peripheral myeloid cell subsets in ischemic

stroke patients
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Fig. 2.9 Dynamic changes in PD-1 and PD-L1 expression in peripheral myeloid cell subsets
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3%

PRk, BRI AC S G PR AL T SO T R, IR S R A A
FEGR LA AR o 5 G Bl B P B P 45 32 53R, BIEFEaR B, BRI A5 T AMY 3 2L
RS, WEIR B ER AN e Em IR, ARG T 240 R R 4 08 B e Bl
AR e P ) SO s SN I 8 G 2 16 8 R T e R SR B F 04, B A e S 2L
FUAE N BRI 2 585 AN G A IRAAAE ) V2 I3 R SR IA IR, W % % % e A
IR R0 A f5f 2 AR A e A T v Ao A 2 R A AR A D e R U R G
b o

AROFFE Je e T AL B, e R i v AR b R A B g 2 AN OC
S A . (41 PD-L1. CTLA-4. ICOS. CD80. CD86. LAG3. TIGIT) &
F B, PEORBILE A S IR G 45 52 22 Ph G e AR K P R R T . AR, X
BE Sy AEANR] G 5 MR H ) Bh S 2k R R LI 1A Bl o it — BB N
S 0L 2 S S 8 A I EL ik B e P R A S M B AN O AR, AR 5 R o 1 4 =X
HAR (CyTOF) F G Al ML R 46 v B 55 A0 o) S I, B AR B T B
AR A AT AR IR AL .

BRI T (mIS) VAR WA TR —, BREHER, i
WOR. 22 G g I N IR Sz B 100, B RITIIE 9 22 4 v o B R S A A v
(NIHSS>5) [, Tt mIS A e F LI SSEA L 5 rh s R i M 26 A
EC, mIS BF RERSERE . BI7 TIED, @SN rei 24 5 & 4
£ RN [ BRARR LS (R, ASHF ST NN RS2 I A/ IR VR YT 1R miIS &g,
AT LA 2 PP B R T 7 ] e 5 A PR s % SR A T TR S (R R

AHFEAN R 7R T A [F) e 25 R B TR A8 E % RGBS TG RIARE,,
N JE S PIETLIGAIE G A 21 s D e AL SR AL FR BLA, JF4R R T S 25 b
G T TIE A BRI SRR A
3.1 S 4 O AA R AR AL B L R 7

FERE R AU — 5 M, A FUR LA SR AL AL (cMono) fEGR L £ 4
H g B2 B, ORI RS S B RAETBOR A% Do B o B ETIF AL TR IESE,
cMono s& SR ML 2- S R A M BE R 2 —, HELE N T IL-1B.
TNF-a55 2 28 BT (ORI, AT BRSP4 ROAE Jse I Fim 2. 20 2345473160 700,
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52 A%, A AL AN (iMono) FEBRINMEA B PRGN R, X —
Ha 1T B SO iMono 7E B ML AR H il SR I S e T RE 05245, IR AT RERE A%
F I BUJRE X I 3 B E Y o iMono B\ A HL A M B2 AT i 53 R 1 g
(RIThRE, FLAE BRI A 5 Rl T B, W] BB SRE SR A A o i 52 B i iR AR 571

FEZ AN (ncMono) BLUR 2R ZE AL, EHAEANHLUSE RN,
HIJRE ] e 5 2 AR T Bk M A5 o 25 1 A i 54 tH neMono 7383 TGF-B.
IL-10 (552 5 RE AP S HA EE, HiagRav aesk it 4 b5 i s
SR AR BR A 1272,

dbAh, WIOIRGEML (DC) TESR M4t S B kb, U AR R[]
M. EATURIE RS T 4SRN BT, DC HUE R vl REH 55 6t
LA A v 5 3 S e B TR SR BN RE T, BT AR S e i S g 5L, N G R
R AERE OA SR — 80 3 R R GuR 2 SR i i A E B P A rh S
HASERBIAYE, FEGEIAR AT e 58 RE - e A3 P MR A, sl
PEAR FP S G SR B O T R L

RS HE AR A, Ik 20 M 7E ol I A b S M S R R SR IR AR E PR AR A o A
FUEEE] CD4* T 401 B A A HARAATAIM (NK cells) 7 G LA 28 vt
R, PRI PEA TR SR T2 I e N . o, CD4Y T 4HMIAESE 7
TRt P AR 2 A0t HRAH W 2508/, 5 B A ROl — B0, i R AR R R E i R
AP OS5 R PURERIAE 3 T A0 T, A BRI S 2 ROV 41 i fifs & 751, B
S LG AZ R B, PTRE HI SRV S RE T, S N4k A S G RS U 77 T NK 2 i
[ A DU RT i e ke G A R ) A i B E M A2 PR, R Rt A i i R e S
H R R A E AR ORI,

B HABREGn CD8* T 4ii . 3T 4. NKT 4iiSE RRIH Gt 7 B
M2 5, B Bh AR b 3 B R P A rb nT R R R 5 28OS A0 i i Ak 3
¥ 5IIReIRE

gi bRk, AT S SR AR (CyTOF) , &Gt sk M4 i
FHMA G ERE AR E R . BER RS cMono . T iMono FF4E F %,
DC B ia/b, St 2O UK -5 15 SR RARFAE s 17 vk 28 28 400 v SR A L A
41 CD4* T B A1 NK 4 N FE, 3R 7R S e AR AS HI0E o — 3 3L [RI#) Rl
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LA 2 o (i 985 H ) I A7 7 (0 B % S I, O S SR A SRR 1R N T T
BT OGRS SR
3.2 BERAERE S PD-1/PD-L1 RiEZAL R E A FHER X

FEFFHERET 3248 1 (PD-1) KR PD-L1 2 S f) 6P G 3 A6 25 5500 1

2 2 50 G AL ZERR AR AN I 2 U8 ) I AESR, 0@ R AE
e IR AR AR R R AR H AR 2 B OCE . O RN, 7R ORI Bl ik B 28
(MCAO) #&Ar, PD-1 72/ s Al A i 1 E g ga g b i, PD-L1 ti7E
SN B A FRIAIG 5], PD-1 ST S B SRR AT 2 T R4k, $ER
PD-1/PD-L1 il fe LA CRIFVEFBO, SRT, JRAHRIEIN, PD-L1 Bk A] ks
FIEIRIE . $- i Treg /KF, EL IR BRI h E A 23075, 15 B3 FAE FHOR
AR T L 2 o S ) S 1 SR R IR A B 32,

AW TE B Se BT AT B i s AR, R G0 o i PR A o iR A R I
FLRZ AR IR e b B i A, R MGk & f4r 7 (W1 PD-L1. CTLA-4.
CD80. CD86+ TIGIT %) {EGR ML 25 v B8 2 i A7 78 12 3 R A8k, JGH 2 PD-L1

(CD274) {ERABAEMSE AL T 0L E , LR FAE B 26 A G 1 2 v]
RERERENEM . t—B 45 MoDM AFZIEERA (M1 5 M2) K% KA LR
SrHT, K3 PD-L1 7E M1 BUE 5 B0 i b B35 1R, 1 M2 BRI, 4R
AN HAR AN EIRR S, WA RETE RAEM I Pl 5 3 RI8, 2 5 R KRR

N T k5 B PD-L1/PD-1 18 B 7GR i PR A6 o 5 6 5 40 B 1 Bl A8 R AL RE
i, FATEIRREZE R M2 T (mIS) B F N CyTOF X} CD45* PBMCs i
ATRRRE R T SR EIR, A% ANM (cMono) TRk I 14 A 241 5. 2% T,
I Y AL A (iMono) FFEE 1%, $RBRIMIE 2T EHE R KRG R AW R E
. (EFERMZ, 7£ cMono. iMono IR ZOR4EM (DC) 1, PD-1 5 PD-LI
TR R TR, JLHAE cMono *F FIHHNE %, #2758 PD-1/PD-L1 fitk ik
AT HITESL A B R RGP B AL TR IRES

EfERIZ, 2RSSR T W% 3] 1 Rx 5 &6 PD-1/PD-L1 £
TG HA B2, AT IX AT e FZH T X 5 4ME e R Ef s
PRI 22 5 PORX A SR VR W 4 i T R SR I PD-L1 3 s 8 57 ) i S R i 32
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4N 2R GNP REAIAL T 2RESN GUIRAS, MR T A R0 S i o [FJR, AR
FHET CyTOF Xf & K FHEAT Bk o0, B WHETRS &, 3has il fg
SRS, 546 4 10 2k DR B ZH 202 TR DU B EL M, AT B A (] 52 6 2 1]
ISR BAh, ANHEFCRIREA B AT — e IR, (HIE I A% 1 R Ik . 1
Fee ik SRR, 5Ok 7 8 TS S IR AR S

g BRIk, ARHE AR BRSO AR b R R R, A A A R
PD-1/PD-L1 il #% I8 E ik T i, R/ SRR 25 b 5 A6 % SR 458 m] Re A7 A2 b
PHEA R, HEMIRZ I SAE P 5 SRS I 4EHr . (HARERNE, SN RZA R
FEGRILPEAS T R 2L A N Az RIR E VR4 (MoDMD 1) EZRE,
FOROEIR A N G B R AR FL R RO AR SORE MR BRI AR o (R, A1 S i
B AR AN S e SR G S 28 25 R AT, AT il MoDM A3, 22 55kl
YRR R A SEORE I FFERTBOR -

BT, ARBTE G2 s bt — B RAETHX MoDM, R4 1Ak PD-L1 il
EETE I ZH 23 SR 2 S AR TR AR R, PR T TI0 J) H E R AR RN . A1 S
HORR ) G e B A, AN R T R il A% rp S e i BT (1 B2 A, 58 PD-L1
P SCAVERTEP /e SN R D RS TN 8

4 &
4.1 B AR IE S SR ARG EY, KN AL (cMono) Hf

BTt Hial R ERAZ 4R (iMono)  EEI R B, BRI SORERGE 5 S R T R A
4.2 S EBRZAN L H PD-1/PD-L1 RIALEG M EAS 5 BRI, S S e 4l
PUIRGE ASE, WTRENN R ZR etk KA S o

4.3 FZA L PD-1/PD-L1 [ 5h 25424 35 75 FAE BRI A o )5 G2 o 725 R 5%
SR, VR8T TS AR R SR AR .
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SE=8% PD-L1 B RERIFEEREMTIEES T SR M 2E
PEHERIPIERTR

Bl &5

BRI (ischemic stroke, 1S) /& 58U B AFE T 1) E BAEE RGN,
FOR L FEAOE KR A G0, BB 2 A A G RT3, FE SR IfL
AR Hp I S B R R, S g M RN AR S
RIRe i BB BA BT . Hrr, BER G, JCH 2 AR UR B4 i
(MoDM) , JRR I AR H J5 i 2 23 3 BRI Sy A, 2 5 DS IK Elt
RIEE AR,

SR 2 -5 B MoDM Al AU N AR D e R A : R & A (M1) MoDM %
L TNF-a IL-1B%5RGER T, 52 RIERRM; Mt (M2) MoDM U {
BHAZUEE . FREIFZIRGE0, Kk, % MoDM [F13E AL 7 w41 9 SEE sk i
AR oS G T TR AR R A SR15, MoDM 78 BRI A o 5 Al 4 1 %, F
RGBSR E RTINS S T, HIOReE MU, MATEEEY.

FESF— 0T, A8 CyTOF Btk R 5145 T B i itk ok i 4 26
Hh B A G S B B AS AN, R DL L SR A AR T AN B R R G
B, RINGIPZAM (cMono) Hufl EFt, Al B 40 (iMono) EL
TR, AMERZYEH PD-1/PD-L1 FIAFEGR LA G BRI, o, Ak
SR LA 23 M 75 SCHF MoDM AHSGHE R % PD-L1 RIA AR . IR
Rt PD-L1 £ MoDM H 1 AR AL T B AK A .

P HEAE TR 1 (PD-L1) 2 H T FUBCIR AN P B i & i T2
—, Holid SREFFMEIETI AR 1 (PD-1) S84, 4 T 4Hiisit. (Rt it 52,
FENNRE B S f P RS P S g S 0 b R B B AR L 82, ARk
PD-1/PD-L1 il B 7E ik I 2% A A AT T 380 e I, AN A T A D se i 19,
BT RE S S R A0 D ReiE AL 5 e EAL 82, [RI, PD-L1 & Bk i 42 o
J& G T T AL R R T —

EAFERMZ, PD-L1 A5 10 %2 U815 2 5 Bl i v 242 ik 8 B ARIRAE
AEAEE 2 4eille — 7T, HAEE ST ReA B T IR Gl WU N, iz gk &
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VERAR g 55— 71, PD-L1 15 53 58 ol e S B MmN e, ERALBE
HIREWI . AN, AN PD-L1 A5 5 18 2K 1 R 32 A] 58 52 R I 1 25 sz L ik
) A G BEIRAS B AU R 3R S5 52 I, 73X 8 AR 5 7E A I 9 H v AR 4 7 23 VAl

RIk, AHE 7L R GEMARMT PD-L1 78k i 24 B i 4 55 MoDM /5 4% 1
FERVE RS, FFaE— 20 VAl F FEL T TSR me 1) o] AT 1R R LA 8 22 et B 40
NPT FEIM SR, SRAT/N BB SR UE B4 L. (bone marrow—derived
macrophages, BMDMs) W##AFIRERE, 454 PD-L1 Mid %A 5o e,
DS HXT MoDM WS MRS I THIEIE R s FESh s rh, BTHFE 52/
ST 2 B i PR L PR A AR Y, B VA NG 224 S MoDM 1 PD-L1 &A1,
Jrid ik PD-L1 FAIPLAR (PD-L1 mAb) #EATFTH, REGAHrH &, &
RE SN 5 D e R IR SE 00 o BT 08 45 G e s LN 1 2 B e 22 B, R N [ B
PD-L1 A FE SR L 25 rh G2 S S 1 431 B, Dyl 245 b o 28 V6 7 SRR IR AR AL
PRALIR RSP IR KA
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1 #5758
1.1 #%
1.1.1 SE55hY)

SEIG R A 8-10 fi#: (Young) F118-20 Hity (Aged) HIMEM: C57BL/6] /N,
M AEE A . P /NI IR T AR T (RR0E 3-4 JD , JFESEER
ZNA SN = HE bR AE NI, FTA LRI IR TIEIR (2242°C) | MXHEHE
(50+5%) F1 12 /NS ERE RIS o, B BB AOK. B S0 g o
[ [ 5% S48 s BRI 6 e, JERF A ARRIVE (B sidi 48 re) #v,
M ERIR P ZE ikl (HifES: AEEL-2023-229) . SEg il
T Redk b s A, Fam KB FE BB 1 A& 5 R 7
1.1.2 dfaRs 7%

FEARWE I A, RH/NRE BRI E VST (BMDM) #E R AMEAL, DU
PLEAAZ SRR EELI A (MoDMs) 78 ff I 14 i ifi 4 A% v 5 8 S SR 55 7 A Th BESIR
DA . ARSI AT 6-8 J& e B CSTBL/6J /1N BB B Sk IR 1 B 48
(BMDM) , E3 TG 7 B/ BB M B B B0, JFES 10%FBS. 1%
R -HEF R A 2ng/mL M-CSF [f] RPMI 1640 £ 75 Fi% S 7 K345 BMDM 41
M. AMHEREIRAE 37°C. S%COMIBEFRA AT, 8 T 5 55 35 DL ORFF 40 M v
7
1.1.3 FESLE IR

£3.1 FTENSERE

Tab. 3.1 List of main instruments and equipment

DEEA S I % (HZO
WOLBBE RS 240 (RFLSI-ZW) RWD CHiE)
NENPIRRIEE AL RWD CHE)

FAR B Leica (fE[E) /Zeiss (f&[E)
MYFRE GEInAThag RWD CHE)
EhYIRIR YR R 50 RWD CHE)
P, 28 i LU RWD (1)
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32 FEMBEL

Tab. 3.2 List of main instruments and equipment

D& & (HE50

L7 A S Moor Instruments (ZF[E)

N R R 5 RWD (D)
/N E A RWD (D)
RWD (H[E)

LA NI D)
Fine Science Tools (f&[H)

BT EL
LR Mettler Toledo (i)
KR Dalong (H[E)
B AL Thermo (3£ [H)
HH RIKAX Bio-Rad ([H)
HEEREARS Bio-Rad ([H)

G SESInN 8 RWD (H1[E)

1.1.4 FEF] 55
£ 3.3 FERFFEM

Tab. 3.3 List of main reagents and consumables

LWl ER s I (EZO

PeproTech (E[H)
Pricella( 9 [&)
Gibco (FEE)
Gibco (E[H)

Gibco (EHE)

M-CSF
1.929 4 ffy_Fi&
FBS (41D

WL FER-HERHER)

DMEM #5357 5E
LPS (RZHi#) Sigma-Aldrich (3£[H)
IL-4 PeproTech (E[E)

/MR PD-L1 i RIE kL Sangon Biotech (H1[E)

/N PD-L1 siRNA Sangon Biotech (H1[E)
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£ 3.4 FERFFEM

Tab. 3.4 List of main reagents and consumables

ESHIEZ

I (EZO

JFURE A X L Coe-NC)
siRNA [HPEXTHE (si-NC)
Lipofectamine RNAIMAX
Lipofect5000 % 445
Opti-MEM X5 773
PD-L1 H3i[&HifA (clone 10F.9G2)
[ X B Hi4A (anti-KLH, clone LTF-2)
Evans Blue
N, N-Dimethylformamide
TTC (2,3,5- = R PYE M)
Toluidine Blue
Trizol
DAPI
Alexa Fluor 488/555
RIPA ZZ i
BCA 8 H R 1k &
ECL & ik
ELISA {7 % (TNF-o, IL-1p)
WB —$1 (ZO-1, Claudin-5, Occludin)
WB —#T (B-Actin)
TPt —Ht (Iba-1)
%969 (iNOS,CD31,Z0-1,Claudin-5)
g9 —Ht (PD-L1)
LAY

HRP #rid — Pt

Sangon Biotech (H'[H)
Sangon Biotech (H1[E)
Thermo Fisher Scientific (£[E)

BREY
Thermo Fisher Scientific ([E)
BioXcell (E[ED
BioXcell (ZE[ED
Sigma-Aldrich (ZE[E)
Sigma-Aldrich ([H)
Sigma-Aldrich (ZE[E)
Sigma-Aldrich ([H)
Invitrogen (3 [H)
Sigma-Aldrich ([H)
Abcam (FE[E)
Sigma-Aldrich ([H)
Bio-Rad (E[EH)
ZETA-life (3£[ED
Millipore (ZE[H)
MEIMIAN Bio (H1[ED)

Cell Signaling Technology (3E[E)
Proteintech (H1[E)
Proteintech (H[E)

Abcam (FlH)
Invitrogen (3 [HE)
Abcam (FlH)

Proteintech (H1[E)
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£ 3.5 FERFFEM

Tab. 3.5 List of main reagents and consumables

A 44 R & (EZ
I RE Sigma-Aldrich (ZE[FH)
2 i 335 7% L. Corning () /NEST (H[E)
T B OE Eppendorf ({&[E) /Corning (3E[E)
2L Eppendorf (fE[E)
MEBEE) Corning (Z£[H) /Falcon (E[H)
T EE TR Corning (E[E)
RAFE Corning (ZE[E) /NEST (H[ED
IR E R Eppendorf (#£[E) /Axygen (E[E)
ek BD Falcon (ZE[H)
R NEST (H1HED
BRI R A7 VK & Thermo Fisher (3 [F)
RNA Jii S At Agilent (ZE[E)
PVDF/IH MR 4T 4E 2 i Millipore (ZE[H)

SDS-PAGE Ji
B [ KR
G BN AR (5% MR FR
TER IR = e ke (0.21 mm/0.23 mm)
S bE
T FARGEA L
THFARI

R L L B

Bio-Rad ()
Bio-Rad (E[H)
Bio-Rad (E[H)
RWD (H1[E)
RWD (H1[E)
Ethicon ([
RWD (H1[E)
RWD (H1[E)
RWD (H1[E)

RWD (H[H)
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1.2 ik
1.2.1 i SER R 7
(1) HHERFEERRAR (BMDM) 5598 &% E

S SR I AE T 6-8 FAWS KM CSTBL/6T /N, 2 B HE Ba4N A, e E M4
MR TE RN 7 (M-CSF) 5% T 7 o BERIE I B4l (BMDM) . /)
BUE 2 RAUA LS, RIET 75% R4 5 ok LR BRR TG Y. B, BURE A
JRHEE, SIBRA, FHIELRE (100%8K 75%) FRE MK (30s) , RIGHK
£ RPMI ¥i77dE (B PBS) . B HEAIN Bk, BYZEdam, (M 20ml i3
WA GBI 1ml 40%FS) WE S N RPMIF2%FBS+HiE 2, i 40 i 2k
I 70pm ZH ARG X SR 2 TG SOml B0 . AL 500g B0 Smin (&
B . EFR L. 9B ERA 1xRBC @R (ZRME 4-5Smin) , &3
flt)e, AHMIFRRESC . Pelk, 2 PBS+2% FBS HE I 1T

VB R B & 2x1054/ml,  BL RPMI 1640+10% FBS+#1 4% & +20 ng/ml
M-CSF 577, M REREFRI (rf EEAIIRENE T 15em BiFr L 7R) o Bl
e, DO RENFIEREFREL, DI RWEAMMIRES, D3 REREFEHME, DS
RAEWIE, % D6-D7 RAMMIRG RUFI 7] BT 5 825050 . FrA BRAEH7E = iR
TIERG B0 A EIE 2B IR A, e B, DL A A 2k

I 4E D7 K531 BMDM, ff Al R4ifR (FACS) 4T CD11b F F4/80
GO, DRI E AN M SR . 45 A R B R A, AP R
95%1E B 15 77 143 BMDM 4l 55 5

Femur
Patella |

|
Medial fabella

Fibula

Calcaneum

B 3.1 DRARRE SRR E

Fig. 3.1 Schematic diagram of the mouse femur structure
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(2) 2o

AT EL FER T (siRNA. &L« AFRGEAS R (LPS. 1IL-4)
WH9E PD-L1 7E E MRS DI Re R /E R SE3e 4 200 T

DIGIUE PD-L1 i At %k %0% : Vehicle 21 CRACEES R, si-NC £H (siRNA
FATEXTHED) , si-PD-L1 44 (siRNA 4% PD-L1 #fX) , 0e-NC H i KiLH Ak
BHEXT D F1 oe-PD-L1 #1 (it 31k PD-L1)

2) BFFL PD-L1 X% M1 iGLHIH#E: Vehicle 4 CRAGEEXTRED , LPS 4 (LPS
100ng/ml i3 24h) , o0e-PD-L1+LPS #4H (PD-L1 j$3RiA+LPS) F si-PD-L1+LPS
4 (PD-LI ffi&+LPS) &

3) WF5C PD-L1 % M2 iG LRI Vehicle 41 CRACFEXTHRD , TL-4 241 (IL-4
20ng/ml i%5'F 24h) , oe-PD-L1+IL-4 41 (PD-L1 it RiA+IL-4) F1 si-PD-L1+I1L-4
24 (PD-L1 mfIG+IL-4)

VehicletB
[ si-NC4H
ISFPD-L1BHE
si-PD-L14 LRI
oe-NCH
oe-PD-L14H
VehicletH
{KHMEFEBMDM —>
H3PD-L13dM1
4
LESeE —>  ippme
oe-PD-L1+LPS 4B
si-PD-L1+LPS{H
VehicletB
— IL-4 48 o | FAFPD-LIRIM2

RARSEEE

oe-PD-L1+IL-4 48

Si-PD-L1+IL-4 8 |
B 3.2 4R dArmiE

Fig. 3.2 Schematic diagram of cell experimental grouping
40
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(3) BMDM iHLiFES
TR AN B SR VR B VG4 (BMDMD , @it LPS B IL-4 Hilli5 S
] M1 Bk M2 BB MR 40 i 4 4k o 7E M B S 4L S s 3, BMDM LA
RPMI1640+10% FBS+LAE =577, FMA LPS (100ng/mD) Hl¥ 24h, WELE|4H
PSS T, 40 pIGeR, SRR M1 BRA, 75 M2 BG40 S e
¥, BMDM DAAMH[FREFREEEE TR, M IL-4 (20ng/mD) 4b# 24h, 4ijd 248
TEBARNTE, RO 2, RIH A M2 BIRAL,
BMDM )£ T g i i B SO Gk (PMMA) SRR sEAT A . SREG )
N Vehicle 1. LPS %5 1 M1 4. IL-4 S/ M2 4, 4358595 24h. Fl)5,
AR FRICH) PMMA K, 4k8E0FF 2-4h. PBS YUk 3 IR ZFR AT Wk (1 ek
J5, HMZ 4%PFA [ € 15min, 2K 52200 BB 5 BMDM X 24t
TR RE T o
(4) A AMAR
BMDM 4044 52 s, 5 R 4EEAR (FACS) #HTHRM % E. i
Day7 BMDM #iifii, PBS ¥t 2 IX, 5 F Fe 3244 HBH (CD16/32,10min,4°C),
B J5 hn\ F4/80-APC (1:200) A1 CD11b-FITC (1:200) #4735 6hr1C. E 30
min,4°C %, PBS ¥ik 2 X, BE T FACS Buffer (PBS+2%FBS) , {#i /] BD LSR
Fortessa it WA ACR s, I Flowlo v10.6 #H47 508 7047 o
(5) qRT-PCR o2& K RIA
I e e Bl E A AR B SE RS A Trizol GFIH2HUE RNA, FfH NanoDrop
2000 PF{f RNA Jii & . RNA i¥i%% % ) cDNA (PrimeScript RT reagent kit, Takara),
b J5 18] TB Green PCR Mix (Takara) #4777 f& PCR, & PD-L1. iNOS.
Argl SFERERIFRIE K.
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2% 3.6 qRT-PCR 3| #5751

Tab. 3.6 QRT-PCR primer sequences

FEA A4 FR 51975 18] JPH) (53"
IL-10 Forward GACCAGCTGGACAACATACTGCTAA
Reverse GATAAGGCTTGGCAACCCAAGTAA
iNOS Forward GTTCTCAGCCCAACAATACAAGA
Reverse GTGGACGGGTCGATGTCAC
Arg-1 Forward GTAGACCCTGGGGAACACTAT
Reverse ATCACCTTGCCAATCCCCAG
TNF-«a Forward GACGTGGAACTGGCAGAAGAG
Reverse TTGGTGGTTTGTGAGTGTGAG
PD-L1- Forward GCTCCAAAGGACTTGTACGTG
Reverse TGATCTGAAGGGCAGCATTTC

(6) PRGN PD-L1 K& M1U/M2 5 EH)

BMDM 4 il #E PD-L1 i RKiE simii 5, A f % 9O 4Lt 40 4 PD-L1 K&
MI1/M2 KRB H (INOS,CD206) FRik. 4HfE[E E T 4% PFA (15min, &) ,
PBS ¥tk 3 K, FEJ5ME 0.1% Triton X-100 &M 10min, F1:H 5%BSA 4 1h.
% & —Pt PD-L1 (1:400) , iNOS (1:500) , CD206 (1:500) , 4°C iF#. X H
PBS Piif)a, WL E 9OthRic 3T (1:400) 1h. DAPI (1:1000) & 441,
FAEDE T EE (Olympus IX73) FMZE,

(7) Western blot 25 FH & &

Western blot > FH A2 f# (RIPAD $2ECEE, IR H i SRk I g 4100 ol
71, 4°C 13000rpm 50> 10min HX_E3f . & A ELE T BCA 57 & (Bio-Rad,USA)
M5E, SDS-PAGE HL¥K/> B Ja M 2 PVDF B, H] 5%MiAs gkt il 1h, 95E —
PUPD-L1 (1:1000) , B-actin (1:5000) , 4°C id®. KHEEEKE, % H HRP ix
P (1:2000) 2h, ECL W54 Imaged AT 2B 534 o
1.2.2 shWpseseiBoy
(1) tMCAO 5 dMCAO G ifit P A AR 50 1y

AW IR e #27% (transient middle cerebral artery occlusion, tMCAQ) Flizt
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Ui FEEYE: (distal middle cerebral artery occlusion, AMCAO) 5 Fft e iff 4 25 e S 7Y
PAER A [t ifi. M A5 4SS R PD-L1 A S Sl 5 25 5

1) tMCAO £ #8755 Y

AR PR ZE DUAE 75083, R P K 3 kPR 2E (tMCAO) AL LA
BRI/ R (VR Bl . LR RES, N ERE 5% MbT 5 SRR,
FAE T ARERAEWIA AL 2% 5 SO 4E R RFOIRES (RN In sk R G2 i i 0o A
HEARFFE 37 £0.5°C,

EFREME T, THRETIHTUIIF, URELMBDSIK (CCA) Fob
Hishlk (ECA) . BlJG, Xt ECA K& CCA @it 453, FEIE CCA 43 Skt
BBk (ICA) Kb ER R . AR/ RER, ERE G R IRE B K
it GER/MR 0.21mm, Z4/NR 0.23mm, RWD, H1E) , JREHEAN ICA 1)
o MEMENG, BE CCA L Mia %4, FIRFATF ICA &gk, RE%
1B HERE 26 H 2 ICA £ 9-10mm &b, EZEHIFH AT,

i FIBOE RO 5% 248 (RFLSI-ZW, RWD) S Wi i (CBF) 284k,
4 CBF MM AR T 80%, Wi/ WA AR . seindio Box, BA @RS,
PRI R 90%.

BRI 45min J5, SRERZAR YR E ML . AR TR/ B2 AR R I TR 7 8 ML
BAE, (ARG . RAERE, NRTHEEE 1R, 3K, 7K 14 KUk
FCFARIC S I B, 3 S U 2 SR PEAL B

2) dMCAO 3z i B B 1A 7Y

A TR A28 v FL RS (AMCAO) M3 JR bk Pk i s A, DUASEADL 7k At
JRFBER L. SERE AR, PNRE 1.5% 7B 5 R, FEEFARMMER L E,
PAYERFIZ 0o 37+0.5°C

FERIMERAEEN T, Tk IE UITT, 258 M8 5 £ F a1 L CEARZ) 2mmD),
SEAL KBk (MCA) 1t 7y 3¢ (FEIT S IX 0 . FEJ5, KA &M (RWD)
S MCA gt AT 3-5s beky, H A Mmse bW, #ilsIhiaaes k.

RIS, (EHBOCHIE R RS (RFLSI-ZW,RWD) S ik il fixi ifiL i
(CBF) 2k, ¥ CBF TFREIEEEART 80%, W%/ B HERR -

BFAR (Sham) HLS AR TFAREAE, HABIT MCA HEE.
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FIREDBIERIG 1K, 3K, 7R 14 RUCEITFA LI R . /5
E 2 R AALHE
3) tMCAO 5 d<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>