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2,084 patients with acute ischemic stroke January
2010 and December 2016 based on a single-center
prospective registry system in South Korea

According to the data
source article

v

178 patients met the exclusion criteria:
(1) lack of laboratory information or
dysphagiatest within 24 hours

of admission (n = 72);

(2) no modified three-month

Rankin Scale (mRS) score data after
hospitalization (n = 106)

1906 participants were included in the original study

According to our study

436 patients met the exclusion
criteria:age under 60 years

1,470 participants were included in the original study
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Mechanism  Biomarker Clinical Current clinical References

significance  validation stage

Prothrombin, plasminogen, fibrinogen alpha-chain, 95 Diagnostic Prothrombin and plasminogen 9
and histidine-rich glycoprotein have been widely used for routine
fibrinolysis-related
fadiort Ceruloplasmin, a-1-antitrypsin (SERPINAL), vWE, 60 Diagnostic testing, while others are still under o)
and coagulation factor XIII B chain (F13B) exploratory research
ICAM-1, VCAM-1 131 Diagnostic @)
2 Diagnostic @9
286 Prognosis 25)
i ICAM-1
Endothelial s Prognosis @)
dysfunction- Exploratory research stage
related biomarkers " Prognosis 28
VCAM-1 38 Prognosis @9)
90 Diagnostic [€V]
VWE
40 Diagnostic &)
hsCRP 9438 Prognosis 35)
680 Diagnosis and (6)
IL-6, 1L-1 f, IL-8, TNF-a, and hsCRP i
prognosis
1L-6, CRP, WBC 138 Prognosis ©7)
hsCRR, 1L-6, Ferritin, ESR, and WBC 321 Prognosis (38)
) 88 Diagnosticand | MMP-9 and HGMB-lare sl )
Inflammatory hs-CRRIL-6,TNF-« Prognostic under exploratory research, while
markers others have been widely used for
60 Diagnostic [Ch]
routine testing.
MMP-9 ) Diagnostic (42)
3,186 Prognosis 3)
183 Prognosis (46)
HGMB-1 2 Prognosis @7)
544 Prognosis 8
GFAP, UCH-L1 251 Diagnostic @
RBP-4, NT-proBNP, and GFAP 189 Diagnostic (52)
GFAP 155 Diagnostic (3)
Neuronal and GEAP and NT-proBNP 200 Diagnostic (55)
axonal injury Exploratory research stage
595 Prognosis (55)
markers
NAL 21 Prognosis (56)
30 Prognosis 67
MBP 8 Diagnostic (60)
Inc-CRKL-2, Inc-NTRK3-4, RPS6KA2-ASland (59)
200 Diagnostic
Inc-CALM1-7
circFUNDCI 30 Diagnostic (60)
Exosomes and Exosomal circ_0043837 and circ_0001801 621 Diagnostic ©1)
X Exploratory research stage
their circular RNA  Exosomal Mir-134 10172 Diagnostic ()
Exosomal microRNA-21-5p and microRNA-30a-5p 167 Diagnostic (©3)
exo-Inc_000048, exo-lnc_001350 and exo- )
602 Diagnostic
Inc_016442
243 Prognosis @0
95 Diagnostic an
Others NETs 54 Prognosis Exploratory research stage @
101 Prognosis 72)

235 Prognosis @3)
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Detection method

Advantages

status

ELISA

qPCR

LC-MS/MS

Immunoturbidimetry

Simoa

NGS

Biosensors.

High sensitivity and specificity; simple operation;
capable of detecting multiple biomarkers
simultaneously:

High sensit

abundance RNA molecules; accurate quantification.

ity: suitable for detecting low-

High sensitivity and specificty; capable of detecting

multiple metabolites simultancously.

Simple and rapid operation; relatively low cost.

Ultra-high sensitivity; simultancous detection of
maltiple biomarkers; capable of detecting

femtomolar concentrations.

High sensitivity and specificity; high throughput;

automated; applicable to various biological samples.

ity; real-time detecti

highly

portable; suitable for point-of-care testing,

Long detection time; high cost.

High sample quality requirements;
complex operation; reltively high cost.
Expensive equipment; complex
‘operation; requires specialized technical

support.

Lower sensitivty and specificity.

High cost; requires specialized
equipment

High cost limits widespread application;
complex data analysis; isk of false

positives/negatives.

Susceptible to environmental
interference; complex readout

technology.

Commonly used for detecting inflammatory biomarkers such
as CRP, IL-6, and TNF-0s suitable for large-scale studies and
clinical validation.

Used for detecting genetic biomarkers such as miRNA and

IncRNA; an essential tool in molecular biology rescarch.

Widely used in metabolomics rescarch (e.g. oxidative stress
biomarker MDA detection); limited clinical translation.

ly rapi i f ilatic
Commonly used for rapid detection of coagulation and Widely applied in linial practic
fibrinolysis system biomarkers (e.g, D-dimer); suitable for
preliminary clinical screening.
Suitable for detecting neuronal injury biomarkers such as

GFAP and NFL; plays an important role in early stroke

igno:

and prognosis assessment.

Used for detecting genetic mutations, vascular injury
biomarkers, and epigenetic factors (e.g., miRNA, circRNA);
faciltates precision diagnosis, clasification, and novel
biomarker discovery.

Has potential for on-site diagnosis of acute stroke; suitable for

Stillin preclinical research stage.
rapid detection of biomarkers such as GFAP.
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Sensor Biomarker Detection range Limit of Core mechanism References

detection (LOD)

Electrochemical CRP 0.01-5.0 pg/mL. 0.008 pg/mL. Dual Magnetic Antibody ©9)
biosensors Capture
GEAP 10-1,000 pg/mL. 3 pg/mL. Antibody Capture (100)
S100p 0.05-1 ng/ml. 035 pg/ml. Au@AgNPs-Modified oy
Antibody Capture
Optical biosensors CRP 0.889-20.7 pg/mL. 12 pg/ml Aptamer-mediated gold 102)
nanoparticle (AuNP)
aggregation
GEAP 1 pg/ml 0 50 ng/ml 1 pg/ml. ‘Thionin acetate as a Raman (103)
reporter gene, AuNRs as a
SERS probe
MMP-9 0.05-20 pg/mL. 0.05 ng/ml. Optical Interference-Free (109)

Surface-Enhanced Raman
Scattering CO-Nanotags
TNE-/GFAP 1 0,023 pg/mL; 0018 pg/  Gold nanorod array (10s)
mL substrate based on surface-

enhanced Raman scattering

TNF-a / 1 pg/ml. A magnetic bead pull- (106)
down assay with purified
and highly Raman-active

gold nanoparticle clusters

MMP-9, 1L-6, GFAP, 1 021 pg/mL,0.153pg/  55_dithiobis-2- o7
IL-1p, TNF-a mL, 0,106 pg/mL, 0.125

robenzoic acid (DTNB)
pg/mL, 0.15pg/mL antibody-modified gold

nanoparticles (AUNPs) on

SERS devices as SERS
probes.

GFAP 0.15-059 ng/ml 0.01 ng/mL, Magnetic labeling to ©8)
capture GFAP

CRP ! 0.1-50 mg/L. Integrated with Field-effect (108)

Microfluidic biosensors transistor (FET) sensor
1L-6, GFAR, IL-8 i 437 pg/ml; 125 pgml; | Microbead-Based 109)
2 pg/mlL. Quantum Dot-Linked

Tmmunosorbent Assay
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Natural Experimental models The main Mechanisms
compound regulatory
effects on
In vitro In vivo microglial
response
Other compounds
Arctigenin LPS-induced BV-2 Mice with LPS-induced | Synaptic densityT; Iba-1, AdipoR1; NF-kBJ; Yuan etal. (2022)
microglial cells inflammation GFAPJ; TNF-a, IL-1B, TLR4/CD14],
1L-6]
Ligustilide MCAO rats TNF-q,IL-13,ICAM-1, | Prx6; TLR4 signaling| | Kuangetal. (2014)
MMP-9, IFN-y, IL-171;
IL-107
Herb extracts
Mice with Microglia activation PKM2]; Gao et al. (2022)
photothrombotic stroke (Iba-1%)|; TNF-a, HIF-1a/PKM2/STAT3
Panax notoginseng 1L-1B) signaling|
saponins T
MCAO rats iNOS, TNF-a, IL-1B| P38, JNK|; ERK1/2 Duan etal. (2024)
phosphorylation]
Primary neurons and MCAOR rats Iba-1'/CD16" cells; NLRP3 Maetal. (2021)
primary microglia Iba-1'/CD206" cellsT; inflammasome/pyroptosis
cocultures stimulated by caspase-1, IL-1B] axis|
Salvianolic Acids for OGD/R
Injection
LPS-stimulated BV-2 MCAO rats Microglia activation TLR4/NF-kB| Zhuang etal. (2017)

microglia

(Iba-1%) 5 IL-1B, IL-6,
TNF-a,NO|






OPS/images/fneur-16-1520298/fneur-16-1520298-t003.jpg
Exposure OR (95%Cl), p value

Model 1° Model 2° Model 3¢
NPAR 1.1 (1.09, 1.12) <0.0001 1.08 (107, 1.10) <0.0001 1.06 (1,04, 1.08) <0.0001
NPAR quartile '
Q1 (<12.11) 1 L1 1
Q2(12.11-1376) 130 (L1, 1,52) 00011 1.29(1.10,1552) 0.0019 126 (1,07, 1.48) 0.0063
Q3 (1376-15.48) 180 (1,55, 2.0) <0.0001 1.54 (132, 1.79) <0.0001 1.4 (1.23, 1.68) <0.0001
Q4 (>1548) 255 (221, 2.94) <0.0001 1.89 (163, 2.19) <0.0001 1.62 (1.40, 1.89) <0.0001
AIC 12105.22 1057838 10106.73
BIC 1212338 1063163 10225.08
Pseudo R* 0013 0.139 0179
AUC 0.602 0.794 0826

‘No-adjusted model: adjusted for none.
“Minimally adjusted model: adjusted for age, gender, race, and education,
Fully adjusted model: adjusted for age, gender, race, education, PIR, BMI, HbA1c, smoking status, drinking status, physical activity, hypertension, and diabetes.





OPS/images/fneur-16-1488726/crossmark.jpg
©

2

i

|





OPS/images/fneur-16-1488726/fneur-16-1488726-g001.jpg
cytokines

/ eg. TNF-q, IL6.

Arterial Occlusion
Caused by
laques or Thrombi

Brain parenchyma

B, =
ynmhnmy N
g , Monocy b
—C) T = .
Cerebral Tissue Damage 8 Neutrophil Macrophage %






OPS/images/fcell-13-1580479/fcell-13-1580479-t004.jpg
Natural Experimental models
compound

In vitro

In vivo

The main
regulatory
effects on
microglial
response

Mechanisms

LPS-stimulated primary NO and iNOS synthesis| EP2/PKA pathway| Zhang etal. (2015)
rat microglial cells and
BV2 cells, MN2D and
SH-SYSY cells treated
with conditioned
medium from
Triptolide LPS-induced microglia
LPS-stimulated BV-2 MCAO/R mice IBA-1* and INOS* CTSS/Franctalkine/CX3CR1 ~ Zhou etal. (2024)
microglial cells cells|; Arg-1" cellsT; signaling pathway|
TNF-q, IL-1B], HT-22
cell viabilityT; HT-22 cell
apoptosisT
Triptolide C57BL/6 mice with focal Synaptic protein CSFIR signal|; Du etal. (2020)
+Ki20227 ischemic stroke induced | expressionsT; dendritic | autophagyT; BDNE-Akt
by photochemical spins density[; microglia pathway]
induction techniques activation (Ibal*) |
MCAO rats Microglia activation Xuetal. (2016)
(Iba-1")] at each time
point; astrocyte
activation (GFAP*)T at
1,7 days, |at 14 days;
§ VEGE Flk-1, Nestin]
Tlexonin A
MCAO rats Microglia activation Xuetal. (2020a)
(Tba-1*) and astrocyte
activation (GFAP*)T in
the hippocampus;
nestinf; TNF-a, IL-1B|
BV2 microglia treated PGE2|; mPGES-1, NK-xB and p38 MAPK Okorji and Olajide
with LPS + IENy COX-2|; TNF-a,1L-6 | signaling| (2014)
Artesunate . ey .
dMCAO mice MPO; microglia NF-kB pathway| Liu et al. (2021b)

activation (Iba-1%) ;
TNF-q, IL-18]
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Natural
compound

Berberine

Tetramithylpyrazine

Experimental models

In vitro

LPS-induced BV2
‘microglial cells

LPS-induced N9
‘microglial cells

LPS + IEN-y-stimulated
BV2 microglia

In vivo

MCAO rats

MCAO mice

Gerbils with global
ischemia

Rats with permanent
cerebral ischemia

MCAO rats

The main
regulatory
effects on
microglial
response

CDS86-positive
microglial;
CD163-positive cellsT;
IL-1, IL-6, TNF-al; IL-4,
1L-107; vagal afferent
nerve activity[; intestinal
H,$ production]

M1 phenotype markers
(IL-1p, CD32, TNF-a) |;
M2 phenotype markers
(CD206, Arg-1, Ym1/2)
1:CDI16"/Ibal"
microglia
CD206" /Tbal*
microglial;
angiogenesis|

CD11b, GFAP];
capase-3]; apoptosis s
cytochrome |

Leukocyte intracerebral

infiltration]; activated

‘macrophages/microglia
(CD45*/CD11b*) |

NO,iNOS[; ROS|

NG2', Ki67'/NG2',
CNPase,
Ki67'/CNPase” cellsT;
Tbal* and Tbal*/CD16"
cellsT; IL-61; IL-10

Mechanisms

TRPV1
receptors-dependent

AMPKT

PI3K/Akt]; Bax/Bel-2|

JNK/AP-1 pathway 5
Nrf2, HO-1T

NE-kBJ; MAPK ; Akt|

JAK2/STAT3 pathway T
STATI|; GSK3/NFxB
pathway|

Nietal. (2022)

Zhu etal. (2019b)

Kim etal. (2014)

Kao etal. (2013)

Liuetal. (2010)

Fenget al. (2023)
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Natural

compound

In vitro

Experimental models

In vivo

The main
regulatory

effects on
microglial

Mechanisms

Astragaloside IV

Cycloastragenol

Salidroside

rat microglia cells

BV2 microglial cells

LPS-stimulated BV-2
mouse microglial cells

BV-2 microglia cultured
in hypoxia

Deferoxamine-stimulated
BV2 microglial cells

Neuron-microglia
cocultures exposed to
OGD, microglia-
oligodendrocyte
cocultures, primary
cortical neurons subjected
0 0GD

OGD/R-induced BV2
cells

OGD/R-induced primary

LPS + IEN-y-stimulated

MCAO rats

MCAO rats

BCCAO mice

LPS-stimulated BV2 and
primary microglial cells

MCAO rats

MCAO mice

MCAO mice

Mice exposed to
hypobaric hypoxia

Mice with MCAO

MCAO rats

MCAO rats

response

microglia activation
(Tbal*) |; M1 microglia
(CD86", CD16/32",
iNOS")|; TNF-a, IL-1p,
IL-6]; M2 microglia
(Arg-1*, YM1/2",
CD206")T; IL-10,
TGF-T; BrdU*/NeuN*
and BrdU*/GFAP" cellsT;
BrdU* AWE* cellsT;
CD206'/BDNE" and
CD206"/IGF1" cellsT;
VEGE IGE-1, BDNET

‘The survival rate of
primary rat microglia

pathwayl;
cellsTs Tba-1]

microglia activation
(Ibal") |; TNF-q, IL-1BJ;
MDA, ROS|; SODT

NO, IL-6, TNF-a|
pathway|

C16'/IBA1" cells;
Argl*/IBAI*T; CDI6,
CD86,iNOS, IL-1,
1L-61; CD206, BDNE,
TGE-B1, IL-107;
glycolytic key proteins|

TNF-q, IL-16, IL-6];
iNOS, NO, COX-2;
ROS; CD206T; microglia
activation (Ibal*) |; M1
microglia (CD16/32")|;
M2 microglia (CD206*)T

pathwayT

MMP9; ZO-1,
occludingl; BBB
disruption]; TNF-a,
IL-1B|; microglia
activation (Ibal*) |

Occluding, claudin-51;
Tba-1]; GSHT; SOD,
MDA/[; IL-18, IL-6,

TNF-a|

GSK3BT, Nif-2]

LDH, ROS, HIF-1a,

NE-kB p65, TNF-a,
IL-1B, IL-6; inverting
cell energy metabolism

Microglia activation
(Iba-1")[; M1
‘microglia/macrophages
(Iba-1*, CD16/32") s
microglia/macrophages
(Iba-1*, CD206")T;
LDH{; CD16 and iNOS;
CD206 and ArglT; IL-1§,
IL-2, 1L-6, IL-8, TNFa;
oligodendrocyte
differentiation]

LDH; apoptosis ;

TLR4/NF-kB pathway ;
TNF-a, IL-6, IL-8|

NLRP3 inflammasome |

CD11b; CD14, CD44,
TNF-a, IL6, IL-1B,
iNOS|

PI3K/AKt pathwayT;
HIFT

PPAR-y pathwayT

NLRP3 inflammasome

LOC102555978
‘miR-3584-5p]

TLR4/NF-kB pathwayl;
NLRP3 inflammasome |;
cleaved caspase-1]
ERKT; NRE2/HO-1

AMPKT; mTOR/HIF-1a
signaling pathway |

NF-kBJ; Nrf2/HO-1

SIRTIT; p53 acetylation];
Bax/Bcl-2 ratio|; NF-kB|

Lietal (2021a)

Gao etal. (2024)

Lietal. (2017)

Lietal. (2018)

Lietal. (20242)

Chen et al. (2022b)

Li et al. (2020a)

Zhang et al. (2024b)

Fan etal. (2022)

Liu etal. (2018b)

Liu etal. (2021a)

Wei etal. (2017)

Ginsenoside Rd

Ginsenoside Rb1

Paeoniflorin

OGD-, LPS-induced BV2,
primary microglial cells

Cortical neuron-N9
microglia hypoxic
coculture system

OGD/R-induced BV-2
‘microglial cells

LPS-induced BV-2
‘microglial cells

LPS-induced BV-2

microglial cells

Mice with systemic
LPS-induced
inflammation

Mice with LPS-induced
inflammation

tMCAO rats

Microglia activation
(Tba-1); IL-1, IL-6,
IL-18, TNF-a, IEN-y|

NE-kB activation;
proteasome activities|

Ibal |; morphological

activation of microglial;

TNF-q, IL-6, IL-1B;
cox-2|

Neuronal apoptosis|;
caspase-3]; TNF-a, NO,
superoxide|

Microglia activation GLT-1,GST
(Tba-1%) 5 1L-1B|
Microglial cell
proliferation]; Tbal|;
IL-1B, TNF-a, IL-6];
microglial viability];
neurogenesis and
vasculogenesisT

JNK/NF-kB signaling|

TNF-q, IL-1B, IL-6,
IFNyl; IL-4, IL-107,
SOD, GSHT; ROS,
MDA |; M1 microglia
(iNOS*, CD32")|; M2
‘microglia (Ym1*)T

NE-kB pathway|

LC3-11T; p62; IL-1B,
TNF-a|

Zhang etal. (2016b)

Lee et al. (2013)

Keetal. (2014)

Zhang etal. (2021a)

Tang et al. (2021)

Chen et al. (2020)

Zhou et al. (2023)
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Natural compound

Experimental models

In vitro In vivo

The main
regulatory effects
on microglial
response

Mechanisms

Emodin

Chrysophanol

LPS/ATP-induced BV2
‘microglial cells, BV2 and
HT-22 cocultures stimulated
by LPS/ATP

OGD/R-induced BV-2 MCAO rats
microglial cells

LPS-induced primary
microglia

LPS-induced BV2 microglial | dMCAO mice
cells

Pyroptosis|; TNF-a, IL-1§,
1L-18]

M1 microglia
(CD32*/Ibal*)|; M2
‘microglia (CD206"/Ibal*)T;
CD16, CD32, iNOS; CD206,
Argl, CCL-221; GSDMD|

HO-1,NQO11; NO, PGE2[;
iNOS, COX-2[; TNF-a, IL-6|

Microglia activation
(Iba-1%)|; pro-inflammatory
phenotype marker
(CD16/32) 15 1L-6; the
neuron complexity and the
spine density

NLRP3 inflammasome,
GSDMD|.

NLRP3 inflammasome |

AMPK/Nrf-21; NF-kB|

IL-6/JAK/STATS pathway]

Jiang et al. (2023)

Lietal. (2024c)

Park etal. (2016)

Liu et al. (2022b)

LPS-induced BV-2 murine
microglial cells

NO, IL-1B, IL-6, TNF-al;
ROS|; NF-KkBJ;
mitochondrial fission|

Regulating MAPK and
NE-xB pathway; Drpl
dephosphorylation .

Chae et al. (2017)






OPS/images/fcell-13-1580479/fcell-13-1580479-t001.jpg
Time course

Acute phase (minutes-hours)

Subacute phase (hours-days)

Delayed phase (days-weeks)

Pathological mechanisms

+ Decreased cerebral blood flow with
inadequate oxygen/glucose delivery

« Deprivation of ATP, depolarization of
membrane and increased influx of
intracellular ion

+ Accumulation of glutamate, overactivation of
AMPA and NMDA

« Release of neuromediators (excitotoxicity)

« Generation of ROS and oxidative stress

« Increased expression of cellular adhesion
molecules

« Activation of microglia and infiltration of
leukocyte into the ischemic region

« Secretion of pro-inflammatory mediators

« Neuronal apoptosis

« Autophagy/mitophagy

« Dysfunction of BBB and endothelium

« Release of trophic factors (BDNE IGE, GDNF)

« Neurogenesis, angiogenesis, axonal
remodeling, synaptogenesis

« Proliferation of neuronal stem cells
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Natural Experimental models The main Mechanisms
compound regulatory
effects on
In vitro In vivo microglial
response
Wogonin LPS/INFy-induced BV2 PGE2, NO, iNOS, ERK1/2 pathway |, Yeh et al. (2014)
‘microglial cells COoX-2| MEK1/2], Srs
activation|
Ginkgetin OGD/R-stimulated MCAO rats M1 microglia (Ibal+, PPARy signaling] Tang et al. (2022b)
primary microglial cells €D16")], M2 microglia
(Ibal+, CD206+)T,
TNF-q, IL-1B, IL-4,
1107
LPS-induced Microglia and astrocyte NE-«B| Shah etal. (2020)
neuroinflammatory mice activation (Iba-1*,
GFAP*")|,IL-1B, TNF-a|
LPS-induced BV2 NO, iNOS, IL-1p, TLR4/MyD88/NF-kB Lietal. (20222)
‘microglial cells COX-2 and PGE2|, and MAPK pathways|,
miR-155
BCCAO rats Microglia activation Wat/-cateninf, NE-xB Xiao et al. (2023)
Baicalin (Iba-1") |, iNOS|, signaling|
Arg-11, IL-1B, TNF-a|
LPS-stimulated BV2 LPS-stimulated Microglia and astrocyte SIRT1T, HMGB1| Lietal. (2020b)
‘microglial cells neuroinflammatory mice activation (Tba-1*,
GFAP")L, IL-1p, TNF-al
OGD/R-stimulated BV2 MCAO mice ROS; TNF-q, iNOS, TREM2] Wang et al. (2024a)
‘microglial cells MMP9, IL-1B, CD16,
CD86; Arg-1,CD206T
LPS-induced BV2 Microglia activation Nrf2], HO-1and Zhengetal. (2019)
‘microglial cells (Iba-1*) |, NO, IL-1p NQO1T
N and IL-18]
Icariin
OGD/R-stimulated 1L-1B, IL-6 and TNF-a| IRE1a/XBP1 pathway] Moetal. (2021)
primary microglial cells
Quercetin LPS/ATP-induced BV2 IL-1B, IL-6, microglial NF-kB, NLRP3 Han etal. (2021)
and primary microglial proliferation and inflammasome/,
cells, dopaminergic phagocytosis|, microglia mitochondrial ROS
‘neurons and activation (Tbal, stress|.
hippocampal neurons CD68") |, ROS,
cocultured with LPS and pyroptosis|, mitophagy
ATP stimulation
OGD/R-stimulated MCAO rats inflammation| TRL9T, NF-xB Gonget al. (2018)
primary microglial cells pathway], IRF3]
HSYA Microglial cells and microglia activation TLR4 pathway , Lvetal. (2016)
primary neurons (CD11b*)|,morphological | NF-xB/MAPK/cytokine
cocultured with LPS changes], IL-1, TNF-a, signaling|
stimulation NOJ, BDNF]
Schaftoside OGD-stimulated BV2 IL-1B, TNF-a,and IL-6] | TLR4/Myd88 pathway|, | Zhouetal. (2019)

microglial cells

Drp1], mitochondrial
fission|.
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Natural
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In vitro

In vivo

The main
regulatory

effects on
microglial
response

Mechanisms

Gastrodin

Curcumin

NPcurcumin

Curcumin gel

Resveratrol

MS275+resveratrol

6-shogaol

LPS-stimulated BV2 or
primary microglia

OGD-stimulated BV2
‘microglial cells

LPS-induced BV2
microglial cells

LPS-induced BV2
‘microglial cells

LPS/IEN-y-stimulated
BV2 microglial cells

primary microglial cells
treated with LPS and
ATP

OGD-stimulated BV2
microglial cells

Primary mixed glial cells
exposed to NCM-OGD
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Characteristics Total Quartiles of NPAR

U 2 Q1 (<12.11) Q2(12.11- Q3(13.76-15.48) Q4 (>15.48) p value
13.76) (2.54-3.43)
Age (years) 46.93 +16.90 43.76 + 16.30 45.61+16.13 4822+ 1658 50.41+17.94 <0.0001
Gender (%) <0.0001
Male 4824 57.61 519 45.98 365
Female 5176 4239 48.1 54.02 635
Race (%) <0.0001
Mexican American 8.19 7.69 872 847 75y
Other Hispanic 567 575 617 5.6 522
Non-Hispanic White 68.62 6222 69.19 7151 71.58
Non-Hispanic Black 10.65 164 883 8.13 941
Other 688 794 7.09 643 3
Education (%) <0.0001
Less than high
<chool 17.23 17.14 16.56 16.95 1839
High school grade 297 24 2388 2042 2528
Some college or
above 58.8 60.46 59.57 58.63 56.33
PIR (%) <0.0001
Low 21.25 20.82 19.95 20.67 2387
Moderate 36.03 3547 3531 3556 37.97
High 272 4371 4474 4377 38.16
Drinking status (%) <0.0001
Never 19.06 17.55 17.88 1891 2234
Moderate 39.59 39.64 40.59 40.01 37.83
Heavy 41.36 42381 4153 41.08 39.83
‘Smoking Status (%) <0.0001
No 538 5539 5513 5334 5106
Yes 46.2 4461 44.87 46.66 4894
PA level (%) <0.0001
Low 2635 2278 2325 27.36 3262
Moderate 3837 36.61 3821 38.04 4081
High 3528 4061 3854 346 2657
Hypertension (%) <0.0001
No 62.38 67.76 65.46 60.99 54.59
Yes 3762 3224 3454 3901 4541
Diabetes (%) <0.0001
No 87.82 91.58 90.44 87.31 8135
Yes 12.18 842 9.56 12,69 18.65
BMI (kg/m?) 28.76 +6.72 27.30+5.58 28.12+599 29.07 £ 6.58 30.75 £ 8.15 <0.0001
CRP (mg/L) 041 +0.80 0.24 +0.41 029+ 0.49 039+ 0.64 078+ 1.31 <0.0001
WAIST (cm) 9833£16.26 9466+ 14.44 9696+ 15.18 993551621 10287+ 1818 <0.0001
FPG (mg/dL) 10523 +31.11 101.15 + 2331 103.40 + 26.84 106.50 + 33.41 110.28 + 38.59 <0.0001
HbAIc (%) 5.57 091 5.48+0.79 551083 559092 5.71+1.09 <0.0001
HDL (mg/dL) 5319+ 16.26 5376+ 16.73 52,98+ 1607 527741593 53301629 <0.0001
LDL (mg/dL) 115.69 + 35.38 117.53 + 36.28 117.38 + 34.81 117.30 + 35.07 110.15 £ 34.79 <0.0001
TC (mg/dL) 196.06 + 41.32 197.79 + 42.30 197.87 + 40.87 196.33 + 40.32 191.82 £ 41.56 <0.0001

TG (mg/dL) 1315+ 10395 1258+ 107.49 13179 £ 103.62 13448 £ 10053 134.23 £ 103,81 <0.0001
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Characteristics otal (N = 48,734) Non-stroke (N = 46, Stroke (N = 1830)

Age (years) 169341690 1464341670 6169+ 1436 <0.0001
Gender (%) <0.0001

Male 4824 48.40 4267

Female 5176 5160 5733
Race (%) <0.0001

Mexican American 8.19 830 428

Other Hispanic 567 573 322

Non-Hispanic White 68.62 6853 71.65

Non-Hispanic Black 10.65 1056 13.90

Other. 6.88 6.88 695
Education (%) <0.0001

Less than high school 17.23 16.90 28.84

High school grade 297 238 .42

Some college or above 588 5928 4174
PIR (%) <0.0001

Low 2125 2094 3221

Moderate 36.03 35.80 43.93

High 4272 4325 23.86
Drinking status (%) <0.0001

Never 19.06 18.67 3583

Moderate 39.59 39.58 39.87

Heavy 41.36 4175 2430
Smoking Status (%) <0.0001

No 538 54.14 41.81

Yes 462 45.86 58.19
PAlevel (%) <0.0001

Low 2635 2571 49.05

Moderate 3837 3849 3407

High 3528 35.80 1688
Hypertension (%) <0.0001

No 62.38 6358 2051

Yes 3762 36.02 79.49
Diabetes (%) <0.0001

No 87.82 88.45 65.47

Yes 1218 11.55 3453
BMI(kg/m?) 2876 £6.72 2873+6.71 29.90 + 6.88 <0.0001
CRP(mg/L) 0.41 £ 0.80 041£0.79 0651 1.10 <0.0001
WAIST(cm) 98331626 9820+ 1625 10350+ 16,03 <0.0001
FPG(mg/dL) 105.23 +31.11 104.84 +30.56 118.64 + 43.96 <0.0001
HbAlc (%) 5.57 £0.91 5.56 £ 0.90 6.05+1.27 <0.0001
HDL(mg/dL) 53191626 532021624 5170+ 1661 0.0007
LDL(mg/dL) 115.69 + 35.38 115.89 + 35.20 108.87 + 40.60 <0.0001
TC(mg/dL) 196.06 + 41.32 196.23 + 41.16 189.96 + 46.07 <0.0001
TG(mg/dL) 1315 10395 13120410421 143389425 <0.0001

NPAR 13824263 13794262 14794279 <0.0001
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Subgroup OR (95%C1) P value P for interaction
GENDER 01180
Male 107 (104, 1.11) <0.0001
Female 1,04 (1,00, 1.07) 0.0285
e 03878
2040 1.03 (094, 1.12) 0.5604
41-60 1.02(097,1.07) 0.3581
61-80 1.06 (103, 1.09) <0.0001
e 04162
Mexican American 1.08(1.00, 1.16) 0.0462
Other Hispanic 105 (0.94,1.16) 0.3966
Non-Hispanic White 1.06 (103, 1.10) 0.0004
Non-Hispanic Black 1.02(0.98, 1.06) 04029
Other Race 110(101,121) 0.0351
Education level 06740
Less than high school 1,05 (101, 1.09) 0.0253
High school or equivalent 1.07(1.02,1.12) 0.0031
Some college or above 1.05 (101, 1.08) 0011
PIR 06410
<13 1.06(1.02, 1.10) 0.0012
1335 1.04(1.00,1.08) 0.0358
=35 1.06 (101, 1.12) 0.0276
Drink Status 0071
Never 1.02 (098, 1.06) 03181
Moderate 1.06 (102, 1.10) 0.0021
1.09 (104, 1.14) 0.0002
ing Status 01372
1.03(1.00,1.07) 0.0810
1.07(1.04, 1.10) <0.0001
Diabetes 01670
No 1.07(1.04,1.10) <0.0001
Yes 1.03 (099, 1.07) 0.1414
PAlevel 07924
Low 1.04 (101, 1.08) 0.0088
Moderate 1.06 (102, 1.10) 0.0033
High 1.06(1.00, 1.12) 0.0401
Hypertension 07022
No 1.06 (101, 1.11) L weeed 0.0205
Yes 1.05(1.02,1.08) = 0.0003

0.540.960.581,001.021.041.061. 081,101,121 141 161, 16150
Hazard Ratio(95%CI)





OPS/images/fneur-16-1542889/fneur-16-1542889-g003.jpg
0 20 40 60 80 100
100% - Specificity%





OPS/images/fneur-16-1542889/fneur-16-1542889-t001.jpg
Variable Stroke of

other

Large-artery
atherosclerosis

Small-artery  Cardioembolism
occlusion

Demography
Male (%)
Age [V, M (P, Ps)]
Risk factors (%)
Hypertension
Diabetes
Hyperlipidemia
Atrial fibrillation

Coronary heart

disease
Previous TIA
Previous stroke
Current smoking
SBP (mmHg, )
Admission NIHSSS
(M (Pas, Prs))
OTT [h, M (Pys P)]
OBD [h, M (P, P;)]
Lab results

Neutrophil counts
[x10°/L, M (P,
Pl

Lymphocyte counts
[X10'L, M (P
Px))

Monocyte counts
(X10'L, M (P,
Py

Platelet counts
(X100, M (P,
P9

NLR [M (P, )]
LMR [M (P )]
PLR [M (P»5 P
APTT [s, M (Pss,
Pl

PT s, M (Pxs P:o)]
INR (M (Pss Pr)]

Blood glucose
[mmol/L, M (P,
Pl

LDL (mmol/L,
Xts)

Hemorthage

transformation (%)
SICH
aSICH
mRS score of 0-2 (%)
mRS score of 3-6 (%)
Death in hospital (%)
Infarction location (%)
Anterior circulation
Posterior circulation

Anterior-posterior

circulation

(n = 158)

108 (68.4)
69.5 (58.8-78.0)

104 (65.8)
39(24.7)
40(25.3)

11(7.0)
24(15.2)

7(4.4)
35(22.2)
55(34.8)

14374209
6.0(3.0-10.0)

2.8(20-35)

2.0(1.0-2.5)

5.1(3.8-6.7)

16(1.2-23)

0.4(04-0.6)

209.0 (165.8-255.0)

3.0(20-5.1)
39(28-49)
437.9 (325.9-647.0)

34.4(32.1-37.9)
13.1(126-138)

1.0(1.0-1.1)

7.2(62-9.3)

28409

17(10.8)

6(3.8)

11(7.0)
83 (52.5)
75 (47.5)

12(7.6)

110(69.6)
44278)

4(25)

(n=72)

42(58.3)
650 (54.0-74.8)

43(59.7)
23(31.9)
22(30.6)

0(0.0)
5(69)

2(28)
12(16.7)
21(29.2)

1458£17.0
40(23-6.0)

28(20-3.9)

20(1.0-3.0)

42(34-6.1)

17(1.2-22)

0.4(03-0.6)

2100 (166.0-238.0)

26(1.8-4.1)

3.6(27-5.8)

447.3 (336.8-741.1)

349 (33.0-385)

132 (124-13.8)

1.0(1.0-1.1)

69(5.9-8.9)

26408

1(1.4)

0(0.0)
1(1.4)
61(84.7)
11(153)
000.0)

20(27.8)
51(70.8)

1(1.4)

(n = 62)

32(51.6)
75.5 (66.0-80.0)

40(64.5)
1321.0)
15(24.2)

48(77.4)
12(19.4)

4(6.5)
12(19.4)
14(22.6)

1457 £194
85 (48-14.0)

30(22-38)

1.8(1.0-2.7)

5.4(39-7.3)

16(1.1-20)

05(03-0.6)

1910 (152.8-228.0)

33(24-53)

3.4(2.4-4.1)

398.1(289.8-507.0)

33.9(30.9-37.1)

131 (127-13.8)

1.0 (1.0-1.1)

7.0(63-7.7)

2609

17(27.4)

9(14.5)
8(129)
29 (46.8)
33(53.2)
3(48)

33(532)
12(19.4)

17(27.4)

determined

etiology
(n =35)

25(714)
68.0(53.0-75.0)

19(54.3)
6(17.1)
8(229)

0(0.0)

5(143)

2(57)
7(20.0)
1367.1)

1924177

40(3.0-7.0)

3.0(1.9-35)

15(1.0-2.9)

55(4.1-7.3)

19(15-24)

05(03-0.7)

206.0 (182.0-242.0)

29(1.7-4.6)
4.4(29-5.8)

394.1 (296.8-590.2)
34.1(31.5-37.8)
131 (126-13.9)

1.0 (1.0-1.1)

7.1(6.0-9.6)

2810

0(0.0)

0(00)
0(0.0)
27(77.1)
8(229)
0(00)

20(57.1)
7(20.0)

8(229)

Stroke of p-value
undetermined
etiology
(n =54)
35(64.8) 0.125
635 (518-723) <0.001
29(53.7) 0443
9(167) 0252
19(352) 0551
1019) <0.001
1019) 0021
0(0.0) 0210
7(13.0) 0634
22(40.7) 0240
M74£225 0701
50(3.0-8.0) <0.001
30(24-38) 0411
29(15-27) 0297
53(34-7.5) 0124
17(11-23) 0097
05 (0.4-0.6) 0304
1925 (171.3-218.5) 0171
31(20-62) 0241
36 (25-46) 0046
4045 (289.9-530.4) 0.101
355 (313-39.1) 0379
134 (125-13.8) 0966
10(L0-1.1) 0901
68(6.0-8.1) 0382
27507 0639
3(56) <0.001
1019)
2(37)
39(72.2) <0.001
15(27.8) <0.001
0(00) 0002
<0.001
28(51.9)
22(407)
4(7.4)
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Variable Positive Negative

(n =16) (n = 365)
Demography
Male (%) 8(500) 234 (64.1) 0251
Age [Y, M (P Pr) 745 (71.0-84) 68.0(57.0-77.0) 0.009

Risk factors (%)

Hypertension 9(56.3) 226 (61.9) 0648
Diabetes 5(313) 85(233) 0.665
Hyperlipidemia 4(250) 100 27.4) 0833
Atrial fibrillation 9(56.3) 51(14.0) <0.001
Coronary heart disease 2125 45(12.3) 0984
Previous TIA 0000) 15.(4.1) 0.865
Previous stroke 3(18.8) 70(19.2) 0.966
Current smoking 1(63) 124 (34.0) 0021
SBP (mmHg, % £ 5) 15354280 1445194 0219
Admission NIHSSS [M (P P:s)] 14.0(9.0-17.8) 50(30-9.0) 0.001
OTT [h, M(Ps5P;9)] 23(18-3.2) 30/(20-36) 0.168
Lab results
Neutrophil counts [x10/L, M (P.s P)] 62(41-7.3) 50(37-67) 0.143
Lymphocyte counts [x10°/L, M (P, P-)] 18(11-22) 16(1.2-22) 0878
Monocyte counts [x10°/L, M (Pss P-)] 05(03-0.6) 05(03-06) 0786
Platelet counts [x10°/L, M (P, P:;)] 170.5 (153.5-226.3) 203 (167.5-241.0) 0116
NLR [M (P, P)] 32(20-67) 30(20-49) 0526
LMR [M (P P:9)] 41(28-53) 37(27-49) 0592
PLR [M (Ps5 P:9)] 389.9(298.3-491.2) 430.1 (3225-642.1) 0426
APTT [s, M (P P)] 34.0(32.1-37.7) 34.6(31.9-38.2) 0944
PT [, M (P.s P2)] 132(126-13.6) 132(126-13.8) 0.674
INR (M (P, Pr)) 10(10-1.1) 10(10-1.1) 0393
Blood glucose [mmol/L, M (P P-)] 69(59-7.9) 7.0 (6.1-88) 0570
LDL (mmol/L, X £5) 27409 27409 0863
Infarction location (%) 0.001
Anterior circulation 14(87.5) 197 (54.0)
Posterior circulation 0(00) 136 (37.3)
Anterior-posterior circulation 2(125) 32(8.8)
TOAST dlassification (%) <0.001
Large-artery Atherosclerosis 6(375) 152(41.6)
‘Small-artery occlusion 0000) 72(19.7)
Cardioembolism 9(56.3) 53(14.5)
Other determined etiology 0(00) 35(9.6)

Undetermined etiology 1(63) 53(14.5)
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i A
AIS patients treated with intravenous
thrombolysis. (a=473)

Exclusion Criteria (n=64):

1. Patients undergoing vascular
interventional therapy (n=21):
2. Patients with severe infection

D (@=9);
Baseline data were collected from a total
Ry 3. Data loss (=34).
28 patients lost to follow-up.

Actotal of 381 patients were included in
the study.

After classification of the etiology of TOAST

Large-artery Small-artery - Stroke of other Stroke of
Atherosclerosis occlusion (@=62) determined undetermined
(@=158) (@=72) ctiology (@=35) | | etiology (a=54)
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Factors The tertile groups of Tl The median groups of Tl

95% Cl p value 95% Cl p value

Age 1059 1.033-1.085 <0.001 1059 1.029-1.090 <0.001
Female 4345 2286-8.258 <0.001 3989 1933-8.230 <0.001
Smoking 1829 0961-3.481 0.066 2370 1.047-5.367 0039
Alcoholism / 1 / 0570 0.227-1432 0231
ApoE genotype

2/e3 L116 0550-2.264 0.760 1374 0609-3.102 0.444

e3/ed 0469 02420909 0,025 0,600 0282-1.273 0.183

OR, odds ratio and CI, confidence interval
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Factors The tertile groups of Tl The median groups of Tl

TI<13 TI13-19 TI>19 TI<15 TI>15
(n=91) (n = 65) (n=82) (n =127) (n=111)

Age in years, mean

) 639(11.1) 69.4(10.6) 717 (106) <0.001 652(11.1) 714 (105) <0.001
Female, n(%) 18 (19.8) 21(323) 57(69.5) <0.001 29(228) 67 (60.4) <0.001
Hypertension, n(%) 70 (76.9) 54(83.1) 67 (81.7) 0.585 100 (78.7) 91(82.0) 0.531
Diabetes melitus,
o 34(37.4) 32(192) 27(329) 0121 53(417) 10(36.0) 0369
n
TG, median (IQR) 1.33(1.43) 13(117) 1.29(0.8) 0923 1.30 (1.20) 129 (0.85) 0.710
'TC, median (IQR) 4.46 (1.65) 4.28(1.69) 442(1.8) 0.214 4.46 (1.66) 436 (1.57) 0.966
LDL-C, median
k) 278(0.97) 271(139) 268 (1.44) 0348 276 (1.00) 269(1.23) 0934
Aurial fibrillation,
7(2.7) 0(0) 5(6.1) 0.048 7(55) 5(4.5) 0.775
(%)
Smoking, n(%) 51(56.0) 25(38.5) 13(15.9) <0.001 66 (52.0) 23(20.7) <0.001
Alcohol drinking,
23(25.3) 15(23.1) 7(85) 0978 32(252) 13(11.7) 0.008
n(%)
Stroke history, n(%) 11(12.1) 7(10.8) 8(9.8) 0.965 15(11.8) 11(9.9) 0.682
ApoE genotype, (%)
e2/e2 0(0) 3(4.6) 1(1.2) ] 1(0.8) 3(27) !
€2/e3 12(132) 9(13.8) 19(23.2) 0.177 16 (12.6) 24(21.6) 0.082
€2/ed 1(L) 0(0) 0(0) / 1(0.8) 0(0) 1
€3/e3 54(59.3) 37(56.9) 52(63.4) 0.715 78 (61.4) 65 (58.6) 0.653
esled 24 (26.4) 16 (246) 91 0029 31244) 18.(16.2) 0148
edfed 0(0) 0(0) 102) / 0(0) 109) /

5D, standard deviation; IQR, interquartile range; CA, carotid artery; T1,tortuosity index; TG, tiglyceride; TC, total cholesterol; LDL-C, low-density ipoprotein cholesterol; ApoF,
Apolipoprotein E.
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Variable Crude model p-value Model | (OR, Model Il (OR, p-value

(OR, 95%Cl) 95%Cl) 95%Cl)

HRR 0.82(0.77,087) <0.001% 0.85(0.80,0.91) <0.001% 081 (072,091 <0.001%
HRR (Quartiles)

Q1 (<8.96) Ref Ref Ref

Q2 (896-10.30) 0.59 (044, 0.80) <0.001% 0,59 (0.44,0.81) <0.001% 0.65 (0.4, 0.97) 0.028*
Q3(1030-1130) 0.43(031,059) <0.001% 0.51(07,0.70) <0.001% 053 (033, 0.84) 0.007*
Q4 (113) 0.43(0.32,059) <0.001% 0.57(0.41,0.79) <0.001% 0.58 (034, 0.96) 0.039*
pfortrend 0.81(0.75,087) <0.001% 0,86 (0.80,0.92) <0.001% 0.87 (076, 0.98) 0.024%

Crude model: we did not adjust for other covariates; Model I: we adjusted for sex and age; Model I1: Model 1 + WBC, RBC, PLT, LDL-C, BUN, FBG, ALT, hs-CRE, BMI, hypertension, DM,
hyperlipidemia, CHD, AF, smoking status, NIHSS score at admission, and previous mRs. *Indicates statistical significance after Benjamini-Hochberg,
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Variable Crude model p-value Model | (OR, Model Il (OR, p-value

(OR, 95%Cl) 95%Cl) 95%Cl)

HRR 082(0.77,087) <0.001 0.85(0.80,091) <0001 0.80 (0.71,090) <0001
HRR (Quartiles)

Q1 (<8.96) Ref Ref Ref

Q2(8.96-10.30) 0.59 (0.44,0.80) <0.001 0.59(0.44,081) <0.001 065 (0.45,095) 0026
Q3(1030-1130) 043 (031,059) <0.001 051(037,0.70) <0.001 0,52 (034, 0.80) 0,003
Q4 (113) 0.43(0.32,059) <0.001 0,57 (041,079 <0.001 0.60 (036, 1.00) 0.049
pfortrend 0.81(0.75,087) <0.001 0.86 (0.80,0.92) <0.001 0.87 (077, 0.98) 0024

Crude mode 1: we did not adjustfor other covarates; Model I: We adjusted for sex and ages Model I1: Model I + WBC, RBC, PLT, LDL-C, BUN, FBG, ALT, hs-CRR, BMI, hypertension, DM,
hyperlipidemia, CHD, smoking status, and previous mRs.
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Models Per-unit increase

95%Cl p-value
Model I 081 0721-091 <0.001
One line effect
Model Il
1070

Baseline HRR levels < K 076 0.66-086 <0.001
Baseline HRR levels > K 104 082131 0755

0022

p-value for LRT test*
Model I, one-line linear regression model; Model 1, two-piece wise linear regression model.
Adjusted for WBC, RBC, PLT, LDL-C, BUN, FBG, ALT, hs-CRP, BMI, hypertension, DM,
hyperlipidemia, CHD, AF. smoking status, NIHSS score at admission, and previous mRs.
OR, Odd Ratio; CI, confidence interval; LRT, logarith likelihood ratio test. *p < 0.05
indicates that Model I1 is significantly different from Model I
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