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Abstract

Inflammation is a key element in the pathophysiology of ischemic stroke. The current effective treatments for ischemic stroke are almost 
exclusively based on reperfusion of occluded vessels. An increasing number of studies are attempting to develop better treatment strategies 
for ischemic stroke by investigating the involvement of neuroinflammation in the pathogenesis. There is a growing focus on the inflammatory 
response of glial cells within the neurovascular unit (NVU) in ischemic stroke, while pericytes, despite their central position within the NVU 
and having interactions with all cellular components through direct contact or signaling pathways, have been less studied in terms of the related 
inflammatory mechanisms. Pericytes regulate blood flow, modulate the entry of peripheral immune cells into the brain parenchyma, and 
contribute to the integrity of the blood-brain barrier (BBB), which situates pericytes in a unique position to significantly influence NVU function. 
This article discusses the potential inflammatory mechanisms of pericytes in ischemic stroke from three perspectives: pericytes and innate 
immunity in the brain; pericytes and infiltration of peripheral inflammatory cells; and pericytes and BBB repair mechanisms. The goal is to better 
understand the role of pericytes in the pathogenesis of ischemic stroke and to provide new insight for research and treatment.
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1.	 INTRODUCTION

Stroke is the second leading cause of death worldwide. 
With population growth and aging, the burden of stroke 
has increased dramatically [1]. Ischemic stroke has a high 
disability and mortality rate [2,3]. Ischemic stroke, char-
acterized by a sudden interruption of blood flow, leads to 
ischemia and hypoxia in the damaged brain and failure to 
maintain normal physiologic functions [4,5]. Inflammation 
has a significant link to the pathophysiology of ischemic 
stroke [6], in which cerebral ischemia triggers a severe neu-
roinflammatory response that leads to blood-brain barrier 
(BBB) disruption, release of inflammatory factors, and 
infiltration of peripheral immune cells, further worsen-
ing brain injury [7,8]. The effective treatment options for 
ischemic stroke are limited and are almost entirely based 

on reperfusion of the occluded vessels [9-11]. However, 
it is increasingly evident that the impact of vascular rep-
erfusion on stroke outcomes is largely dependent on the 
functionality of neurovascular unit (NVU) components 
[12]. In recent years researchers have focused on the NVU 
to explore potential therapeutic targets and strategies [13-
15] (Fig 1). The NVU is composed of neurons, endothelial 
cells (ECs), pericytes, astrocytes, microglia, and the base-
ment membrane (BM). The biological functions of peri-
cytes are related to cerebral blood flow, BBB permeability, 
cerebrovascular formation, and neuroinflammation, mak-
ing pericytes closely related to cerebrovascular diseases 
[16]. Perivascular macrophages also participate in immune 
surveillance, waste clearance, and vascular permeability in 
ischemic stroke [17]. Pericytes, are situated in the center 
of NVU, have a crucial role in regulating NVU function. 
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Moreover, pericytes play are involved in the occurrence 
and progression of ischemic stroke [18,19]. 

A number of studies [18,20-24] have focused on pericyte 
function in ischemic stroke, attempting to determine the 
role of pericytes at different stages of ischemic stroke and 
to develop better methods for treating ischemic stroke. The 
inflammatory mechanisms in which pericytes are involved 
may provide a breakthrough for the treatment of ischemic 
stroke. This article summarizes the immune function 
of pericytes in ischemic stroke and discusses the inflam-
matory mechanisms of pericytes in ischemic stroke. We 
believe that targeting pericytes and their associated inflam-
matory mechanisms may lead to new perspectives for the 
research and treatment of ischemic stroke.

2.	 ORIGINS AND FUNCTIONS OF 
PERICYTES

The perivascular cell was first named the ‘Rouget cell’ 
by Charles-Marie Benjamin Rouget in 1898 and was 
described as a “contractile element” surrounding the ECs 
of small blood vessels. In 1923 Zimmermann coined them 
“pericytes” according to the morphology and location 
within the vasculature. Pericytes have different origins 

within the same tissues. Quail-chick chimerization experi-
ments demonstrated that brain pericytes are derived from 
different progenitor cells. While pericytes in the forebrain 
are generated from neural crest cells, pericytes in the mid-
brain, brainstem, spinal cord, and peripheral organs are 
derived from mesodermal cells [25-28].

Pericytes are situated within capillaries, post-capillary 
venules, and precapillary arterioles in the brain. The three 
subtypes of central nervous system (CNS) pericytes can be 
distinguished based on location, shape, and protein expres-
sion. Pericytes located at the arteriolar end of the capil-
lary bed express more α-smooth muscle actin (α-SMA) 
and undergo more circumferential processes. Pericytes 
have an essential role in the regulation of blood flow. The 
pericytes at the center of the capillary beds express less 
α-SMA. The integrity of the BBB depends on these per-
icytes. Pericytes at the venule end of capillaries primarily 
orchestrate peripheral immune cell trafficking into the 
brain parenchyma [22,29,30] (Fig 2). Armulik showed 
that pericytes regulate BBB function by controlling BBB-
specific gene expression in endothelial cells and polari-
zation of astrocyte end-feet [31]. Pericytes interact with 
astrocytes in the CNS to maintain functional integrity 
of the BBB [32]. Pericytes also work together with other 
components of the NVU (ECs, astrocytes, and neurons) to 

Figure 1  |  (A) Normal state: (a) The role of brain pericytes in the neurovascular unit (NVU). The NVU is composed of neurons, endothelio-
cytes, pericytes, astrocytes, microglia, the basement membrane, and extracellular matrix. (b) Cerebral blood supply in the normal state; (c) 
Pericytes are involved in maintaining BBB integrity and stability in the normal state. (B) Ischemic stroke: (a) NVU is destroyed and pericytes 
secrete inflammatory factors to mediate the infiltration of inflammatory cells into the brain parenchyma. Pericytes are shed and neurons are 
damaged. (b) Cerebral blood supply in ischemic stroke; (c) Pericytes secrete inflammatory factors to mediate the infiltration of inflammatory 
cells into brain parenchyma. Pericytes are shed, TJs are broken, BBB integrity is destroyed, and neurons are damaged.
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fine-tune adaptations to promote tissue survival [33]. In 
addition, pericytes respond to and express inflammatory 
molecules, present antigens, and have phagocytic ability 
[34]. Pericytes participate in immune responses by secret-
ing cytokines, modulating phagocytosis, and promoting 
gliocyte activity in response to inflammatory mediators 
[35]. An increasing body of evidence has identified novel 
roles of pericytes in the CNS involving neuroinflamma-
tion and immune responses that could broaden the thera-
peutic targets for ischemic stroke.

2.1.	 Immunologic functions of pericytes
Pericytes participate in immune responses by upregulat-
ing cell adhesion molecules, secreting immunoregulatory 
cytokines (Table 1), phagocytosis, presenting antigens, 

trafficking immune cells into the brain, and affecting other 
cells of the NVU during disease pathogenesis [53,54].

Pericytes express several adhesion molecules, such as 
intercellular adhesion molecule 1 (ICAM-1) and vascular 
cell adhesion molecule 1 (VCAM-1), which are involved 
in leukocyte adhesion and immune cell trafficking across 
vessel walls [36,37]. Tumor necrosis factor-α (TNF-α) and 
interleukin-1β (IL-1β) stimulation of human brain peri-
cytes can enhance the expression of ICAM-1 and VCAM-
1, leading to a significant increase in T cell adhesion to 
pericytes [55,56]. Interferon-γ (IFN-γ) upregulates the 
expression of ICAM-1 and VCAM-1 in pericytes [57]. A 
large number of clinical trials showed that higher serum 
ICAM-1 levels upon admission may increase the risk 
of adverse outcomes in acute ischemic stroke [58] and 

Table 1  |  Pericytes-derived factors modulate neuroinflammation.

Factors   Mechanisms   References

ICAM-1 and VCAM-1   involved in leukocyte adhesion and immune cell trafficking across vessel walls   [36,37]

IL-6   activate polymorphonuclear leukocyte   [38]

IL-8   promote the migration of neutrophils   [39]

TGF-β   lead to brain damage by activating the Smad2 signaling pathway and promote further maturation of 
the BBB

  [40,41]

IP-10   increase immune cell recruitment and induce neurotoxicity   [42]

MCP-1   promote the infiltration of blood-derived monocytes and lymphocytes into the ischemic area   [43]

MIP-1   enhance microglial activation   [44]

MMPs   promote the shedding of neutrophils attached to pericytes   [39]

MMP-2 and MMP-9   permit pericytes to move away from the BM and into newly created blood vessels and aid in repairing 
the damaged BBB

  [25,45-47]

VEGF   promote angiogenesis and decrease BBB integrity   [48]

Ang 1   enhance occludin expression in CNS ECs and reduce BBB integrity   [49]

G-CSF and GM-CSF   promote the migration of macrophages into the CNS parenchyma   [50]

CXCL10   lead to increased migration of monocytes across the BBB   [51]

CX3CL1   regulate microglia-mediated immune response   [52]

prostaglandins and NO   lead to vasodilation   [37]

Figure 2  |  Topology and morphology of brain pericytes. Pericytes located at the arteriolar end of the capillary bed express more α-smooth 
muscle actin (α-SMA) and undergo more circumferential processes. Pericytes have an essential role in the regulation of blood flow. Pericytes 
at the center of the capillary bed express less α-SMA. The integrity of the BBB depends on these pericytes. Pericytes at the venule end of 
capillaries primarily control the trafficking of peripheral immune cells into the brain parenchyma.
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early identification could aid in primary prevention of 
ischemic stroke [59,60]. However, therapeutic inhibition 
of ICAM-1 with enlimomab in ischemic stroke patients 
did not improve the pathologic outcomes of the acute 
phase [61]. Another study involving animals showed that 
the absence of ICAM-1 did not inhibit neutrophil accu-
mulation in the brain and did not improve the pathologic 
outcomes of acute phase ischemic stroke after reperfusion 
[62]. Although ICAM-1 is considered to be a key factor in 
neutrophil recruitment after ischemic stroke [63], ther-
apeutic inhibition of ICAM-1 has not been successful in 
clinical practice. This finding possibly reflects the multifac-
torial and multistep nature of ischemic stroke. Targeting 
a single factor may not lead to effective treatment, which 
necessitates a comprehensive understanding of the rele-
vant mechanisms to guide treatment. A prospective study 
showed that sVCAM-1 levels could predict the prognosis 
of ischemic stroke early on in patients [64] and the risk of 
ischemic lesions increases with elevated serum VCAM-1 
levels, suggesting that VCAM-1 may serve as a biomarker 
for acute ischemic stroke [65].

Studies have shown that pericytes secrete numerous 
proinflammatory factors, such as monocyte chemoat-
tractant protein-1 (MCP-1), IL-6, IL-8, and four chemok-
ine subfamilies (β-chemokine [CXC], α-chemokine 
[CC], δ-chemokine [CX3C], and γ-chemokine [XC]), 
in response to inflammation in human pericyte cul-
tures, which can attract circulating leukocytes to the 
brain and promote neovascularization [34,37,66,67]. 
Pericytes express pro-inflammatory cytokines, such as 
IL-1β and TNF-α, which can induce a pro-inflammatory 
state in astrocytes, microglia, and endothelial cells, and 
aid in leukocyte recruitment [50]. Post-stroke inflam-
mation is characterized by increased levels of inflam-
matory mediators, including interleukin-6 (IL-6) [68], 
which is positively correlated with stroke recurrence 
and adverse clinical outcomes [69,70], Elevated IL-6 
levels in the acute phase of stroke are associated with 
larger stroke volumes and poor prognosis after one year 
[71]. Elevated IL-8 may be involved in the pathophys-
iologic process of stroke by activating polymorpho-
nuclear leukocytes (PMNLs) early after ischemia [38]. 
IL-8 may participate in infarct evolution and disease 
progression in ischemic stroke patients through neutro-
phil-mediated inflammatory responses and serum IL-8 
levels may serve as a prognostic indicator for ischemic 
stroke [72]. Cultured pericytes express two chemok-
ines (interferon gamma-induced protein 10 [IP-10] 
and MCP-1), which can increase immune cell recruit-
ment and induce neurotoxicity [42]. Numerous studies 
using animal models of stroke have shown that MCP-1 
participates in the inflammatory process by promoting 
the infiltration of blood-derived monocytes and lym-
phocytes into the ischemic area [43]. A study that com-
pared 23 ischemic stroke patients with 15 tension head-
ache patients (controls) showed that MCP-1 has a role 
in the early inflammatory response of ischemic stroke 

by inducing monocyte/macrophage infiltration [73]. 
Chemokine-chemokine ligand 2 (CCL2), which belongs 
to the CC subfamily, is the chemokine that most often 
causes neovascularization. Duan et  al. reported that 
CCL2 regulates neuronal activity and recruits immune 
cells from the brain periphery [74,75]. Research involv-
ing a rat model of middle cerebral artery occlusion/
reperfusion (MCAO/R) showed that CCL2 expression 
was elevated with significant neurologic damage and 
ischemic infarction in brain tissue. Inhibitors of CCL2 
significantly suppress the inflammatory response, alle-
viate nerve damage, and reduce the area of ischemic 
infarction in MCAO/R rats [76]. Analysis of plasma IL-8 
expression and peripheral blood leukocyte expression of 
CXC chemokine receptor 2 (CXCR2) in ischemic stroke 
patients indicated that CXCR2 expression was positively 
correlated with granulocytes and natural killer (NK) 
cells, which in turn were recruited by IL-8 [72]. Niu et al. 
demonstrated that the release of CXCL10 from brain 
pericytes was critical for the transmigration of mono-
cytes across the brain endothelium in cocaine-exposed 
mice [51]. TNF-α stimulates the release of MIP-1 and 
IL-6 from pericytes and can enhance microglial activa-
tion [44]. Under TNF-α, IL-1β, or IFN-γ induced stim-
ulation, pericytes generate inflammatory prostaglandins 
and nitric oxide (NO) by upregulating cyclooxygenase-2 
(COX-2), which leads to vasodilation [37].

In addition to the expression of inflammatory media-
tors, pericytes enriched in culture and isolated microves-
sels express several macrophage markers, including ED-2 
and the integrin subunit, CD11b (αM) [77]. Pericytes also 
express macrophage-like characteristics upon stimula-
tion by inflammatory factors. Studies have shown that the 
phagocytosis rate of primary porcine brain capillary per-
icytes (PBCPs) increase when stimulated by TNF-α and 
IFN-γ. Following INF-γ activation, expression of major 
histocompatibility complex II (MHC II) and cluster of dif-
ferentiation 68 (CD68) mRNA in PBCPs increases. CD68 
is a typical marker of macrophages [78]. Studies have 
shown that BBB-associated pericytes clear amyloid-β (Aβ) 
aggregation via a low-density lipoprotein receptor-related 
protein-1 (LRP1)/apolipoprotein E (apoE) isoform-spe-
cific mechanism [79]. Cultured pericytes phagocytose 
small molecules, such as fluorescent latex. By suppressing 
the expression of the scavenging receptors (CD36, CD47, 
and CD68) the inflammatory factor (TGF-1) reduces the 
phagocytic action of pericytes and inhibits microglia-me-
diated immune response by decreasing the expression of 
CX3CL1 in pericytes [52]. Using flow cytometry analysis, 
Nirwan et  al. reported that α-SMAlow/undetectable pericytes 
transform towards microglia and macrophages on day 7 
following a stroke [80]. Pericytes can acquire a microglial 
phenotype to phagocytose cellular debris and participate 
in post-stroke inflammation and immunity [81]. Pericytes 
exhibit weaker phagocytosis than microglia, which has a 
key role in the clearance of pathogenic substances from the 
brain parenchyma [52].
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3.	 POSSIBLE MECHANISMS BY WHICH 
BRAIN PERICYTES REGULATE 
NEUROINFLAMMATION IN ISCHEMIC 
STROKE

Inflammation is a key element of the pathophysiology of 
ischemic stroke [6,82-84]. In this section, we will discuss 
the possible mechanisms by which pericytes are involved 
in neuroinflammation in ischemic stroke (Fig 3).

3.1.	 Pericytes and innate immunity in the brain
Pattern recognition receptors (PRRs), which are key reg-
ulators of innate immunity against pathogens [85], are 
the first responders to CNS injury and are responsible for 
detecting microorganisms and endogenous substances 
generated during microbial and cellular damage. PRRs 
can be classified into pathogen-associated molecular pat-
terns (PAMPs) and damage-associated molecular patterns 
(DAMPs) [86]. Among the five PRR families, toll-like 
receptors (TLRs) and nucleotide-binding oligomeriza-
tion-like receptors (NLRs) have been the most studied [87] 
(Table 2). 

TLRs and NLRs are involved in coordinating innate 
immunity after an ischemic stroke. Activation of innate 
immunity in the brain leads to an increase in leuko-
cyte infiltration and exacerbation of tissue damage by 

producing more DAMPs and laying the foundation for 
adaptive immunity [84]. By expressing functional PRRs, 
secreting cytokines, chemokines, and adhesion molecules, 
and activating the complement system, pericytes partici-
pate in regulating innate immunity in the ischemic brain. 
Because the brain is a sterile organ, endogenous DAMP 
molecules must be released from the necrotic brain to acti-
vate the infiltrating immune cells. High mobility group box 
1 (HMGB1) is an essential DAMP in the hyperacute phase 
of ischemic brain injury that can increase the permeability 
of the vasculature and aggravate the destruction of the BBB 
during ischemia-reperfusion injury for 2–4 hours [95].

TLRs are expressed on a wide range of cells, including 
immune cells, ECs, pericytes, astrocytes, neurons, and gli-
acytes, which are all part of the NVU [96]. Among the 10 
known human TLRs, pericytes express TLR2, TLR4, TLR5, 
TLR6, and TLR10 [97]. TLR2 and TLR4 are more impor-
tant than other TLRs in the pathologic progression of cer-
ebral ischemia-reperfusion and are involved in the expan-
sion of cerebral infarction and exacerbation of ischemic 
brain injury [88]. Studies have shown that inhibiting the 
expression of TLR2/4 in the ischemic hemisphere can 
reduce the expression of MyD88, NF-kappaB, IL-1β, and 
IL-6 in the inflammatory pathway, as well as reduce the 
expression and activity of inducible nitric oxide synthase 
(iNOS) and COX-2, thereby alleviating the inflammatory 
response and reducing brain edema and the ischemic area 

Table 2  |  Pericytes express receptors regulating neuroinflammation.

Receptors   Mechanisms   References

ED-2 and CD11b (αM)   express macrophage-like characteristics   [77]

low/undetectable SMA   transform towards both microglia and macrophages   [80]

TLRs   involved in the expansion of cerebral infarction and exacerbation of ischemic brain injury   [88-90]

NLRs   promote inflammation, accelerate neuronal apoptosis, and worsens neuronal functional damage   [91-93]

PDGFR-β   promote the secretion of TGF-β from brain pericytes and participate in maintaining the function 
and integrity of the BBB

  [94]

Figure 3  |  Possible mechanisms by which brain pericytes regulate neuroinflammation in ischemic stroke. (A) Pericytes express TLRs and NLRs. 
HMGB1 and LPS stimulate the expression of TLR2 and TLR4 in pericytes. Inflammatory mediators stimulate the expression of NOD1 and 
NOD2. (B) Ischemic stroke has occurred. (C) Chemokine secretion by pericytes acts to recruit circulating leukocytes to the CNS. ICAM-1 and 
VCAM-1 guidance aids leukocytes in crawling to gaps in the pericyte coverage, allowing entrance to the brain parenchyma. (D) After cerebral 
ischemia, PDGFR-β is highly expressed in pericytes, which activates the Smad2/3 pathway and secretes more permeability factors, including 
VEGFs and MMPs. VEGF secretion and MMP expression promotes breakdown of the BBB.
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in ischemia/reperfusion (I/R) rats [89,90]. Compared to 
the sham operation group, I/R can upregulate the expres-
sion of TLR2 and inhibition of TLR2 can inhibit the expres-
sion of IL-1β, TNF-α, IL-17, and IL-23, thereby reducing 
inflammation and ischemia reperfusion injury [98]. In a 
transient focal cerebral ischemia model, the infarct volume 
in TLR2-deficient mice was significantly smaller than wild-
type mice [99]. These studies indicate that upregulation of 
TLR2 and the TLR2 signaling cascade are important events 
in focal cerebral ischemia, triggering inflammatory cas-
cades and exacerbating brain damage. 

Guijarro-Muñoz et  al. showed that pericytes express 
TLR4 and secrete a variety of chemokines, cytokines, 
and cellular adhesion molecules once bound to the TLR4 
ligand, HMGB1, and lipopolysaccharide (LPS). LPS stim-
ulates the production of IL-6, IL-8, and CXC ligands 
(CXCL1, CXCL2, CXCL3, CCL2, SELE, ICAM-1 and 
VCAM-1) via activation of the nuclear factor kappa-light-
chain-enhancer of activated B cell (NF-κB) signaling path-
way. HMGB1 stimulates the secretion of CXCL1, CXCL2, 
CXCL3, IL-8, and CCL2. In addition, HMGB1 and other 
DAMPs stimulate TLR2 and TLR4 expression in pericytes 
[100]. The TLR4 agonist, LPS, increases the volume of cer-
ebral infarction and degree of cerebral edema, and aggra-
vates the inflammatory response in MCAO rats [101]. 
Recent studies have shown that by inhibiting the HMGB1-
mediated TLR4/NF-kB pathway and reducing the activa-
tion of caspase-3, cell apoptosis can be prevented, thereby 
reducing I/R-induced brain injury [102,103]. Another 
study showed that HMGB1-mediated inhibition of TLR4/
MyD88/TNF receptor-associated factor 6 (TRAF6) expres-
sion reduced neuronal cell damage and the inflammatory 
response [104]. Studies have shown that a TLR2 or TLR4 
deficiency significantly alleviates ischemic brain injury 
on day 1 after ischemia-reperfusion in mice and inhibits 
inflammatory cytokine expression in infiltrated immune 
cells [105]. Therefore, pericytes can be considered as partic-
ipants in the ischemic stroke inflammatory cascade [100]. 
Inhibiting the TLR4 signaling pathway may be a potential 
neuroprotective treatment strategy by providing potential 
targets for the treatment of brain I/R injury. Most studies 
have focused on the role of TLR expression on microglia 
and TLR-related signaling pathways in I/R. Pericytes, as an 
important member of the NVU, also express TLR recep-
tors and may co-participate in the ischemic stroke inflam-
matory response with microglia, which has broadened our 
thinking for further exploring the inflammatory mecha-
nisms related to ischemic stroke.

Pericytes express TLRs and NLRs. NLRs are cytosolic 
receptors that sense microbial motifs, endogenous byprod-
ucts of tissue injury, and environmental signals, which are 
important for maintaining tissue and immune homeostasis. 
When dysregulated, NLRs can lead to inflammatory diseases 
[91]. NOD1 and NOD2 are two important NLRs that rec-
ognize distinct fragments of peptidoglycans (PGNs). PGNs 
are components of the gram-positive bacteria cell wall [92]. 
Baseline levels of innate immune receptor (NOD1, NOD2, 

NLRC5, NLRP1-3, NLRP5, NLRP9, NLRP10, and NLRX) 
mRNA expression were detected in untreated pericytes. 
NOD1 is upregulated by 1.5–2-fold in TNF-α- or IFN-α-
stimulated pericytes. Similarly, inflammatory cytokines 
in pericytes stimulate NOD2 expression [97]. However, 
Navarro et  al. reported that NOD1 is expressed in peri-
cytes and TNF-α and IFN-γ upregulate the expression of 
NOD1 in human brain pericytes, while NOD2 expression 
is essentially undetectable. The NOD1 agonist, C12-iE-
DAP, induces pericytes to express genes encoding IL-6 and 
IL-8, and releases cytokines into the culture supernatant 
[93]. NOD1 and TLR4 induce proinflammatory responses 
synergistically through different signaling pathways [93]. 
Analysis of I/R rat and H/R cell models has shown that the 
levels of NLRP3, TLR4, LC3, TNF-α, IL-1, IL-6, and IL-18 
expression are significantly increased in I/R-induced rats 
or H/R-induced cells, and knocking down TLR4 signifi-
cantly inhibits expression, thereby suppressing cell apopto-
sis. These data suggest that upregulation of TLR4 induces 
cerebral ischemia/reperfusion (CI/R) injury through stim-
ulation of the NLRP3 inflammasome and autophagy [106]. 
Another study using the MCAO mouse model showed that 
inhibiting the TLR4/NF-kB signaling pathway in micro-
glial cells suppresses activation of the NLRP3 inflammas-
ome [107]. He et  al. reported that inhibiting the TLR4/
NLRP3 signaling pathway suppresses the inflammatory 
response induced by CI/R [108]. Similarly, inhibiting the 
TLR4-p38-NF-kappaB-NLRP3 signaling pathway reduces 
neuronal apoptosis, alleviates neurologic deficits, reduces 
brain edema, and decreases the cerebral infarction size in 
MCAO/R rats [109]. 

Brain pericytes express TLRs and NLRs. TLRs and NLRs 
produce more DAMPs during ischemic stroke, which acti-
vates TLR2/4 and NOD1/2 and other downstream inflam-
matory pathways, promotes inflammation, accelerates 
neuronal apoptosis, worsens neuronal functional damage, 
promotes brain edema, and expands the infarct area. In 
theory, by targeting TLR2/4 inhibition, NOD1/2 on per-
icytes may provide new therapeutic targets for the treat-
ment of ischemic stroke.

3.2.	 Pericytes and peripheral inflammatory cell 
infiltration

Neuroinflammation is an important factor in stroke occur-
rence and development. Peripheral inflammatory cell infil-
tration persists in ischemic tissue after acute ischemia, 
which triggers neuroinflammation [110], induces brain tis-
sue injury, and leads to an increase in neurodegeneration 
in the peri-infarction area [111]. During homeostasis and 
autoimmune neuroinflammation, pericytes limit leukocyte 
infiltration into the CNS [36]. Studies have increasingly 
highlighted the significance of pericytes as sensors and 
regulators of neuroinflammation. If pericytes are absent, 
the NVU allows leukocytes to enter the CNS, which leads 
to increased neuroinflammation. Pericytes may have a 
unique role in immune infiltration because pericytes can 
“instruct” immune cell extravasation, assist leukocyte 
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crawling through blood vessels by providing adhesion sub-
strates, and alter pericyte morphology to promote neutro-
phil extravasation [112]. Pericytes secrete various adhesion 
molecules and chemokines/cytokines that contribute to the 
recruitment and migration of monocytes, T cells, eosin-
ophils, and neutrophils [34,78,100]. Pericytes can induce 
the expression of key adhesion molecules (ICAM-1 and 
VCAM-1), chemokines (CXCL1, CXCL8, CXCL10, MIF, 
CCL2, CCL3, and CCL5), and pro-inflammatory molec-
ular receptors (TNFRI, TNFRII, IL-1R, TLRs, and NOD-
like receptors) [113]. The neutrophil surface receptors, 
CXCR1 and CXCR2, interact with chemokines (CXCL8 
and CXCL1) [114]. Monocyte surface CCR2 is bound by 
CCL2. CXCR3, which is a highly expressed cell surface 
receptor on Th1, CD8, and NK cells, is bound by CXCL10. 
CCL3 and CCL5 bind to monocytes, macrophages, Th1, 
CD8, and NK cell receptors (CCR1 and CCR5) to regulate 
immune cell migration [37,115].

Pericytes provide an adhesive substrate for neutro-
phils crawling on the venous wall. This response is medi-
ated by the interaction of ICAM-1 expressed by pericytes 
with the macrophage-1 antigen (Mac-1) and lymphocyte 
function-associated antigen-1 (LFA-1) on neutrophils. 
In addition, other mechanisms that promote leukocyte 
migration include “thinning” of the BM, which may be 
caused by changes in pericyte shape or different traction 
forces exerted on the BM by other physical and enzy-
matic processes [113]. Studies involving pericyte-defi-
cient adult mice have shown that pericyte deficiency leads 
to increased expression of leukocyte adhesion molecules 
(LAMs) in the brain vascular system of adult mice, which 
results in leukocyte extravasation into the brain (pri-
marily monocytes, dendritic cells, and T lymphocytes). 
However, the increase in infiltrating leukocyte subpopu-
lations in the brain is not due to an increase in the num-
ber of blood or peripheral organ leukocytes. The regional 
differences in pericyte coverage of capillaries in the CNS 
determine the extent to which leukocytes are allowed to 
enter the CNS under steady-state conditions [36]. Under 
stimulation by LPS, TNF-α, and IL-1β, pericytes respond 
to inflammatory signals by secreting IL-8, thereby pro-
moting the migration of neutrophils [39]. Stimulation 
by the inflammatory cytokines, IL-1β and IFN-γ, induce 
pericytes to secrete granulocyte colony-stimulating fac-
tor (G-CSF), granulocyte-macrophage colony-stimulat-
ing factor (GM-CSF), IL-5, and IL-6, which promotes the 
migration of macrophages into the CNS parenchyma [50]. 
Exposure of human brain vascular pericytes to cocaine 
promotes secretion of more CXCL10 by pericytes, lead-
ing to increased migration of monocytes across the BBB 
[51]. Moreover, migration of monocytes in a BBB model 
consisting of human brain endothelial cells and pericytes 
was significantly reduced compared to a BBB model con-
sisting of brain ECs alone. Additionally, the inflammatory 
cytokines, TNF-α and IL-1β, enhance the expression of 
adhesion molecules in pericytes and increase the adhesion 
of monocytes to pericytes [116]. Matrix metalloproteinases 

(MMPs), which are secreted not only by endothelial cells 
but also by pericytes, have a key role as regulators of adhe-
sion between neutrophils and pericytes during neutrophil 
migration. Under the stimulation of TNF-α, IL-1β, or LPS, 
MMP-9 promotes the shedding of neutrophils attached to 
pericytes, while inhibition of MMP-9 enhances the adhe-
sion of neutrophils to pericytes [39].

LPS promote the expression of ICAM-1 and VCAM-1 
in human brain pericytes, which promotes adhesion of 
peripheral lymphocytes to pericytes [100]. Years ago it was 
suggested that the VCAM-1/VLA-4 interaction  medi-
ates T cell infiltration into the CNS [117]. Stimulation of 
pericytes with IL-1β increases the expression of VCAM-1 
[112]. Upon stimulation by inflammatory mediators, 
NG2(+) pericytes upregulate the expression of ICAM-1 
and release chemoattractant migration inhibitory factor 
(MIF), which is involved in extravasation of neutrophils 
and macrophages [118]. In pericyte cultures, infection with 
Japanese encephalitis virus activates pericytes, increases 
the secretion of IL-6 and prostaglandin E2 (PGE2), initi-
ates and amplifies inflammatory factor expression, regu-
lates EC and leukocyte function, and facilitates leukocyte 
infiltration into the CNS [85]. In contrast, the transcription 
factor, CCAAT/enhancer binding protein δ (C/EBp-δ), in 
human brain pericytes has an anti-inflammatory role that 
limits infiltration of peripheral immune cells and prevents 
further inflammatory responses in the brain [119]. TGF-β1 
induces pericyte inflammatory gene expression and limits 
the infiltration of peripheral immune cells into the CNS 
by decreasing the expression of VCAM-1 and MCP-1 [52]. 

Neuroinflammation drives fibrotic scar formation, 
which is a major obstacle to CNS regeneration [120]. 
Pericytes are considered the main source of fibroblasts that 
form scars [121]. Pericytes have been identified as the main 
cell type forming glial scars in spinal cord injury models 
[122]. Pericytes proliferate and migrate to the damaged 
area to participate in scar formation [123]. Reducing per-
icyte proliferation significantly improves the long-term 
prognosis of spinal cord injury [124]. Platelet-derived 
growth factor receptor-β (PDGFRβ+) pericytes have been 
shown to trigger a fibrotic response in the CNS during 
ischemic injury, with PDGFRβ+/− mice showing reduced 
fibrosis, decreased fibronectin deposition in the ischemic 
area, and increased infarct volume. This finding indicates 
that PDGFRβ signaling-induced fibronectin production 
is essential for the ischemic stroke repair process [125]. 
In experimental and human stroke there is a significant 
proliferation of the PDGFRβ+ stromal cell population and 
fibrotic scars with PDGFRβ+ cells constitute tissue remod-
eling after stroke [126]. Pericytes and perivascular fibro-
blasts have been shown to promote fibrotic scar formation 
in a region-dependent manner in mice after traumatic 
injury [127].

Due to the specific distribution of pericytes in the NVU, 
complete pericyte coverage in ischemic stroke can limit 
leukocyte infiltration into the CNS, which protects the 
brain from inflammatory cell attack. In contrast, pericytes 
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secrete various adhesion molecules, chemokines, and 
inflammatory cytokines in ischemic stroke, which pro-
motes leukocyte infiltration and exacerbates brain injury. 
Finding a balance between these two outcomes is essential 
to minimize the secretion of adhesion molecules, chemo
kines, and inflammatory cytokines while maintaining 
pericyte coverage as much as possible. Additionally, the 
significance of fibrotic scarring in ischemic injury repair 
should also be considered and may become a new direction 
for the treatment of ischemic stroke.

3.3.	 Pericytes and BBB repair mechanisms
The BBB, which consists of cerebral microvascular ECs, 
pericytes, astrocytes, and neurons, establishes a protective 
interface between the CNS and peripheral blood circula-
tion and is essential for CNS homeostasis. The brain is an 
immunoprivileged site due to the BBB physical defense 
function [128]. However, harmful substances, peripheral 
antigens, and peripheral immune cells can invade the brain 
parenchyma through a damaged BBB, leading to the acti-
vation and exacerbation of neuroinflammatory cascades 
after an ischemic stroke [129]. In fact, BBB breakdown is a 
key determinant of infarct volume enlargement after acute 
cerebral ischemia [130].

Pericytes secrete angiopoietin-1 (Ang1), TGF-β, 
endothelial growth factor (VEGF), and basic fibroblast 
growth factor (bFGF) to regulate the BBB. Loss of pericytes 
results in the breakdown of EC tight junctions (TJs), which 
can lead to BBB damage [67,131]. Studies have shown that 
TGF-β and Ang-1 secreted by pericytes enhance occludin 
expression in CNS ECs and reduce BBB integrity [49]. 
BBB dysfunction leads to brain damage via the secretion 
of TGF-β by pericytes, which activates the Smad2 signal-
ing pathway [40]. Lei et al. demonstrated that bone mor-
phogenic protein 3 (bmp3) regulates BBB integrity in 
zebrafish embryos by promoting pericyte coverage, which 
likely involves the TGF-β/BMP signaling pathway [132]. 
However, other studies have shown that pericyte coverage 
does not affect BBB permeability. The BBB has low per-
meability due to the significant loss of pericytes in specific 
brain regions, which may be caused by changes in transcy-
tosis across brain ECs [133]. 

Following cerebral ischemia, pericytes highly express 
PDGFR-β, which in turn promotes the secretion of TGF-β 
from brain pericytes, activates the Smad2/3 pathway, and 
participates in maintaining the function and integrity of 
the BBB [94]. TGF-β induces pericyte differentiation into 
the α-SMA-positive phenotype and secretes more perme-
ability factors, including VEGF, MMP-2, and MMP-9, 
which promote angiogenesis and decrease BBB integrity, 
while basic fibroblast growth factor (bFGF) induces per-
icyte differentiation into the α-SMA-negative phenotype 
that stabilizes the BBB [48]. However, it has also been 
shown that pericytes expressing CD146 promote further 
maturation of the BBB by secreting TGF-β1 [41]. MMP-2 
(gelatinase A) and MMP-9 (gelatinase B) have been widely 
confirmed to contribute to BBB damage in stroke and 

MMP-dependent BBB destruction is caused by degrada-
tion of the basal lamina and tight junction proteins (TJPs) 
by active MMPs [7]. After brain injury and under inflam-
matory conditions, MMP-2 and MMP-9 are secreted by 
pericytes, which may aid in the breakdown of the extracel-
lular matrix (ECM) [25,45] and permit pericytes to move 
away from the BM and into newly created blood vessels. 
This process is helpful in repairing the damaged BBB after 
ischemic stroke [46,47]. Administration of MMP inhib-
itors after cerebral ischemia reduces BBB opening and 
stroke injury [134]. During vascular stabilization, peri-
cytes express MMP inhibitors, such as tissue inhibitors of 
MMP-3, which inhibits ECM degradation and promotes 
vascular maturation and BBB repair [25]. Oxidative stress 
causes pericytes to release MMP-9 during the acute stage 
of ischemic stroke. Activated MMP-9 then causes peri-
cyte injury, shedding, and migration, exacerbating BBB 
destruction [130]. In a mouse model of ischemic stroke, 
MMP-9 knockout reduces the degradation of TJPs, thereby 
alleviating BBB damage [135].

Upregulation of PDGFR-β has an important role in BBB 
repair during ischemic stroke with the possible involve-
ment of pericytes. PDGFR-β acting on MCAO mice helps 
regulate pericyte recruitment, which promotes BBB repair 
and maintenance [136]. After transient middle cerebral 
artery occlusion (tMCAO), PDGFR-β (+/-) mice with a 
pericyte deficiency have a significantly increased brain 
infarct volume and brain edema compared to wild-type 
mice with exacerbation of BBB disruption and an increase 
in the number of degenerating neurons [137]. Additionally, 
inflammatory factors are involved in the processes in 
which brain pericytes regulate the BBB. Inflammatory fac-
tors (IL-1β, TNF-1α, and IL-6), LPS, and reactive oxygen 
species (ROS) stimulate pericytes, which lead to morpho-
logic changes and induce separation from the basal lam-
ina, thereby increasing BBB permeability [138,139]. In 
response to α-synuclein, pericytes release inflammatory 
factors, including IL-1β, IL-6, MCP-1, TNF-β, and MMP-
9, which leads to BBB dysfunction in endothelial cell and 
pericyte co-cultures [140]. Pericytes control blood flow 
within capillaries, maintain the basal lamina, and regulate 
BBB permeability. In mouse models lacking functional 
pericytes, blood vessel control is lost and tight junction 
regulation is disrupted, highlighting the important role 
of pericytes in maintaining BBB integrity [49]. Yao et al. 
showed that binding of astrocyte laminin to integrin α2 
receptors maintains BBB integrity by regulating pericyte 
differentiation and prevents pericyte differentiation from 
the quiescent to the systolic phase [141]. 

Brain pericytes interact with ECs to regulate BBB forma-
tion, angiogenesis, and vascular function [142]. PDGFRβ is 
mainly expressed on brain pericytes [143,144] and PDGF-BB 
released by ECs activate PDGFRβ, which promotes recruit-
ment of pericytes to newly formed vessels [143,145,146]. 
Surrounding ECs can produce more PDGF-BB to activate 
PDGFR-β in ischemia, which induces Akt phosphoryla-
tion in pericytes and leads to anti-apoptotic responses and 
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cell proliferation [23]. In contrast, PDGF-BB/PDGFR-β 
signaling is crucial for brain microcirculation and BBB 
development [144]. PDGFRβ expression is significantly 
increased on pericytes after 48 h of MCAO [147]. OGD 
and brain ischemia upregulate PDGFR-β expression [94]. 
Inactivation of the PDGF-BB/PDGFRβ signaling path-
way leads to pericyte deficiency and reduced microvas-
culature [143]. Mice lacking PDGFβR or the PDGFβR 
ligand, PDGFβ, lack brain pericytes, ultimately resulting 
in embryonic or perinatal lethality, CNS microbleeds, and 
increased vascular permeability [148]. PDGFR-β signaling 
has a protective role in recovery of BBB function and integ-
rity after brain ischemia [94]. Pericyte-secreted angiopoie-
tin 1 (Ang-1) activates the Ang-1 receptor (Tie-2) on ECs 
to mediate formation of TJs [149]. Pericyte-derived Ang-1 
binds to Tie2 on ECs, which stimulates pericyte coverage 
and BCM protein deposition, thereby reducing vascular 
permeability [150]. Ang-1-driven Tie2 phosphorylation 
mediates activation of downstream pathways involved in 
survival, proliferation, migration, and anti-inflammatory 
signals [151]. Expression of Ang-1 and Tie2 in pericytes 
increases with hypoxia-induced VEGF elevation, which 
stimulates Akt1 levels and acts on VEGF [152]. Therefore, 
regulation of Ang/Tie2 signaling is crucial for maintaining 
post-stroke neovascularization and BBB stability.

Numerous studies have shown that pericyte coverage 
affects BBB integrity, while some studies have found that 
pericyte coverage does not affect BBB integrity. This dis-
crepancy may be related to the different locations of peri-
cytes in the capillary bed because pericytes expressing less 
α-SMA in the middle of the capillary bed are involved in 
maintaining BBB integrity. The maintenance of BBB integ-
rity by pericytes also depends on the differentiation stage of 

pericytes, with pericytes at different differentiation stages 
having different effects on the BBB. Resting pericytes are 
involved in maintaining BBB integrity, which provides new 
insight for ischemic stroke treatment strategies. Knocking 
out the MMP-9 gene alleviates pericyte damage, reduces 
the degradation of TJPs, and prevents BBB damage during 
the acute phase of an ischemic stroke. Inhibiting MMP-9 
expression in the acute phase of an ischemic stroke may be 
a good ischemic stroke treatment strategy. The interaction 
between pericytes and ECs on the BBB should be recog-
nized. Targeting the PDGF-BB/PDGFRβ and Ang/Tie2 
signaling pathways may provide new insight for ischemic 
stroke.

4.	 PERICYTES AS A THERAPEUTIC 
TARGET FOR ISCHEMIC STROKE

Pericytes are involved in the maintenance of cerebral vascu-
lar function and have an important role in the pathophys-
iologic process of ischemic stroke. Therapeutic methods 
targeting pericytes in ischemic stroke, such as repairing the 
BBB and reducing immune inflammation, may facilitate 
the treatment of ischemic stroke. The treatment methods 
targeting pericytes in ischemic stroke are summarized in 
Table 3, with an attempt to find new breakthroughs in the 
treatment of ischemic stroke.

Yang et al. found that atorvastatin promotes angiogen-
esis around infarction sites, stabilizes neovascularization, 
and maintains BBB integrity by promoting endothelial TJP 
formation. Proliferating perivascular pericytes express-
ing neural-glial antigen 2 (NG2) mediates the effect of 
atorvastatin in BBB maturation by regulating endothelial 

Table 3  |  Pericytes related mechanisms in the treatment of ischemic stroke.

Medicine/therapy/target  Mechanisms   References

Atorvastatin   pericytes promote BBB maturation by regulating the formation of endothelial TJPs   [153]

RGS5   activated pericytes express RGS5, loss of RGS5 in pericytes contributes to an increase in the 
number of pericytes, maintains the integrity of TJs in ECs, and significantly reduces BBB damage

  [81,154]

HIF-1   inhibiting HIF-1 activation of pericytes can reduce pericyte death and maintain BBB integrity   [155]

Perlecan   pericyte recruitment through the synergistic activity of PDGFR-β and integrin α5β1 to promote 
BBB maintenance and repair

  [136]

SGLT2   inhibit SGLT2 increases the number of mitochondria, pericyte ischemic tolerance, and contribute 
to the treatment of ischemic brain injury

  [156]

Itakalim   inhibit formation of the SUR2/EPAC1 complex can inhibit pericyte contraction, reduce the 
number of obstructed capillaries, and improve cerebral microcirculation

  [157]

Imatinib   selective blocking the PDGFRβ signaling pathway can suppress pericyte-fibroblast 
transformation, alter pericyte microvascular coverage, reduce inflammation, and decrease 
microvascular leakage

  [158]

VEGF-B   encourage the communication between pericytes and ECs, reduce neuronal injury and 
inflammation, and stimulate the formation of stable cerebral microvessels in the injured area

  [159]

Intravenous injection 
hPSC-CNC PCs

  alleviate cerebral edema and neuronal apoptosis, reduce infarct size, restore the integrity of the 
BBB, and promote the recovery of neurologic function

  [160]

ADPs transplantation   promote neurovascular remodeling   [161]
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TJP formation [153]. Regulator of G-protein signaling-5 
(RGS5) is expressed on activated pericytes during the 
ischemic response. RGS5 is an important regulator of per-
icyte detachment and is involved in the transformation of 
pericytes from a vascular to a parenchymal phenotype. Loss 
of RGS5 in pericytes during the acute stage of stroke con-
tributes to an increase in the number of pericytes, main-
tains the integrity of TJs in ECs, and significantly reduces 
BBB damage. Thus, RGS5 may be a novel therapeutic tar-
get of ischemic stroke [81,154]. Inhibiting hypoxia-induc-
ible factor-1 (HIF-1) can maintain vascular coverage and 
suppress vascular remodeling to maintain barrier integ-
rity by reducing pericyte death. Itakalim, which targets 
K-ATP channels, is a promising treatment for improving 
the microvascular status after ischemic stroke by inhibit-
ing pericyte contraction [155]. Perlecan regulates pericyte 
recruitment via the synergistic activity of PDGFR-β and 
integrin α5β1 to promote BBB maintenance and repair 
after ischemic stroke [136].

Antidiabetic sodium-glucose cotransporter 2 (SGLT2) 
has received attention for cardiorenal protective properties 
and glucose-lowering effect. Recent studies have shown 
that SGLT2 is mainly expressed in brain pericytes and the 
SGLT2 inhibitor, luseogliflozin, activates AMP-activated 
protein kinase α and increases mitochondrial transcrip-
tion factor A expression and the number of mitochon-
dria. Inhibition of SGLT2 before stroke increases pericyte 
ischemic tolerance and contributes to the treatment of 
ischemic brain injury [156]. Itakalim promotes opening of 
the K-ATP channel by inhibiting formation of the SUR2/
EPAC1 complex, calcium influx, and ET-1 release, thereby 
promoting the recovery of cerebral blood flow after cere-
bral ischemia-reperfusion, preventing pericyte shrinkage, 
reducing the number of obstructive capillaries, and improv-
ing cerebral microcirculation. Itakalin, which targets 
K-ATP channels, could be an effective therapy for ischemic 
stroke because itakalin inhibits pericyte contraction and 
improves microvascular disorders after ischemic stroke 
[157]. Additionally, imatinib targets pericytes to alleviate 
neuroinflammation. Studies have shown that imatinib, by 
selectively blocking the PDGFRβ signaling pathway, inhib-
its the survival and proliferation of PDGFRβ-positive cells, 
suppresses pericyte-fibroblast transformation, alters per-
icyte microvascular coverage, reduces inflammation, and 
decreases microvascular leakage [158]. Jean LeBlanc et al. 
concluded that delaying the intranasal administration of 
VEGF-B in MCAO model mice significantly encourages 
the communication between pericytes and ECs, reduces 
neuronal injury and inflammation, increases the number 
of cerebral microvessels in ischemic tissue, and stimulates 
the formation of stable cerebral microvessels in the injured 
area. Thus, VEGF-B-mediated angiogenesis is a promising 
and safe treatment option for ischemic stroke [159].

The intravenous injection of human pluripotent stem 
cell-cranial neural crest-derived pericyte-like cells (hPSC-
CNC PCs) in mice with transient tMCAO alleviates cer-
ebral edema and neuronal apoptosis, reduces infarct size, 

restores the integrity of the BBB, and promotes the recov-
ery of neurologic function in mouse models of ischemic 
stroke [160]. Adipose-derived pericyte (ADP) transplanta-
tion significantly improves neurologic status and promotes 
neurovascular remodeling in rats following ischemic stroke 
[161]. Pericyte transplantation provides new insight into 
cell therapy in patients with ischemic stroke.

Although our understanding of pericytes and related 
mechanisms in ischemic stroke has improved, there are 
still many key issues to be addressed. Most of the treatment 
strategies for pericytes are based on animal studies and 
further research is needed to investigate the safety, dosage, 
and administration routes for ischemic stroke. A better 
understanding of pericytes will contribute to the explora-
tion of ischemic stroke treatment.

5.	 CONCLUSION

In recent years, with increasing attention to the NVU, the 
focus of ischemic stroke research has gradually shifted 
from neuroprotection to the interaction of various compo-
nents of the NVU. Pericytes participate in innate immunity 
within the brain, mediate inflammatory cell infiltration and 
fibrotic scar formation, and are involved in BBB disruption 
and repair after ischemic stroke. Additionally, pericytes 
contribute to stabilizing the BBB by releasing neurotrophic 
factors and promoting angiogenesis. Therefore, pericytes 
are promising therapeutic targets for ischemic stroke.

Herein we discussed the potential inflammatory mecha-
nisms of pericytes in ischemic stroke to explore treatment 
strategies for ischemic stroke. Targeting the inhibition of 
TLR2/4 and NOD1/2 expression on pericytes could signif-
icantly reduce the post-stroke inflammatory response, at 
least in theory, which can provide new therapeutic targets 
for ischemic stroke. If it is possible to reduce the secretion 
of adhesion molecules, chemokines, and inflammatory 
factors of pericytes while maintaining pericytes coverage 
as much as possible to alleviate the inflammatory response 
and reduce brain damage, new directions may emerge for 
the treatment of ischemic stroke. At the same time it is also 
necessary to conduct in-depth research on the impact of 
pericytes at different locations and stages of differentiation 
on the BBB and to inhibit the differentiation of pericytes 
from the resting phase to the contracting phase as much as 
possible to maintain the integrity of the BBB. Additional 
clinical studies are needed to validate the effectiveness and 
safety of treatment strategies targeting MMP-9 in the treat-
ment of ischemic stroke.

Currently, targeting pericytes for treatment involves 
regulating RGS5, HIF-1, PDGFR-β, SGLT2, and VEGF-B 
to modulate pericyte proliferation and maintain BBB sta-
bility. Additionally, pericyte transplantation significantly 
improves the neurologic status of ischemic stroke rats and 
promotes neurovascular remodeling. Further research is 
needed to evaluate the therapeutic effects of pericyte trans-
plantation. Despite advances in understanding pericytes 
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and related mechanisms in ischemic stroke, there are still 
many key issues to be addressed. First, pericytes are a 
diverse cell population and different types of pericytes may 
have different roles in ischemic stroke. Second, the poten-
tial impact of solely targeting pericytes on interactions with 
other components of the NVU needs to be considered. 
Moreover, most therapeutic strategies targeting pericytes 
are based on animal studies and further research is needed 
to assess the safety, dosage, and administration routes for 
ischemic stroke. Better understanding of pericytes contrib-
utes to exploring treatments for ischemic stroke. In con-
clusion, further research on the inflammatory mechanisms 
of pericytes in ischemic stroke will contribute to a better 
understanding of the pathogenesis of cerebrovascular 
diseases and provide new insight and approaches for the 
treatment of related diseases.
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