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A B S T R A C T   

Disruption of the blood-central nervous system barrier (BCB) is increasingly recognized as a pathological factor 
in diseases and trauma of the central nervous system. Despite the neuropathological impact, current treatment 
modalities do not target the BCB; strategies to reconstitute the impaired BCB have been restricted to nutritional 
and dietary remedies. As an integral cell type in the neurovascular unit, pericytes are crucial to the development, 
maintenance, and repair of the BCB. As such, pericytes are well poised as cellular agents for reconstitution of the 
impaired BCB. Here, we summarize recent revelations regarding the role of BCB disruption in diseases and 
trauma of the central nervous system and highlight how pericytes are harnessed to provide targeted therapeutic 
effect in each case. This review will also address how recent advances in pericyte derivation strategies can serve 
to overcome practical hurdles in the clinical use of pericytes.   

1. Introduction 

Disruption of the blood-central nervous system barrier (BCB) has 
been overlooked as an etiological factor in many central nervous system 
(CNS) disease (Sweeney et al., 2018). Given the neuropathological im-
plications, re-examination of strategies that restore the BCB may open 
the way for new and effective treatments. In neurodegenerative diseases, 
such as Alzheimer’s disease (AD), Parkinson’s disease (PD), and amyo-
trophic lateral sclerosis (ALS), loss of BCB integrity precedes the emer-
gence of behavioral symptoms linked to events that culminate in neuron 
death (Bartels et al., 2008; Desai et al., 2007; Erickson and Banks, 2013; 
Kim et al., 2020; Winkler et al., 2014b; Zenaro et al., 2017). In acute CNS 
disorders such as stroke or spinal cord injury, BCB breakdown in the 
early phase of injury plays key roles in delaying, and even preventing, 
neurological recovery in patients (Blume et al., 2020; Cohen et al., 2009; 
Lee et al., 2012; Nadareishvili et al., 2019; Okada et al., 2020). 

Recently, transplantation of pericytes for the treatment of 

neurovascular disruptions has gained interest due to the ability of per-
icytes in promoting regeneration and restoration of the BCB (Zhu et al., 
2022). With pericyte transplantation in animal models of ischemic 
stroke and Alzheimer’s disease, reports indicated restoration of BCB and 
associated functions (Hou et al., 2020; Sun et al., 2020; Tachibana et al., 
2018). However, the clinical effectiveness of pericyte transplantation in 
human patients remains to be established. In this review, we will explore 
pericyte transplantation as a novel therapeutic intervention to recon-
stitute the disrupted BCB and discuss practical considerations for clinical 
application of the strategy in CNS diseases. 

2. What are pericytes? 

Located at the interface between the CNS parenchyma and vascula-
ture, CNS pericytes are mobile, multipotent, and specialized CNS 
vascular cells embedded in the basement membrane of capillaries, pre- 
capillary arterioles, and post-capillary venules throughout the body 
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(Armulik et al., 2010; Attwell et al., 2016; Daneman et al., 2010; Laredo 
et al., 2019; Sweeney et al., 2016). In general, vascular pericytes regu-
late angiogenesis (Ribatti et al., 2011), capillary blood flow (Hartmann 
et al., 2021), inflammation (Thomas et al., 2017), waste clearance 
(Gouveia-Freitas and Bastos-Leite, 2021), and stem cell regeneration 
(Ahmed and El-Badri, 2018; Song et al., 2022) in an organ- and 
tissue-specific manner. In the CNS, specialized CNS pericytes form the 
BCB and provide structural & trophic support to maintain the BCB 
(Fig. 1). Non-fenestrated endothelial cells that ensheathe astrocyte 
end-feet together with CNS pericytes embedded in the basement mem-
brane form the BCB which not only prevents non-selective transport but 
also facilitates selective transport of solutes across the BCB. Specialized 
CNS pericytes will be referred simply as pericytes henceforth. 

2.1. Pericytes at the BCB 

Pericytes play a significant role in forming the BCB during devel-
opment and maintaining barrier properties of the mature BCB. By em-
bryonic day 12 in rats, a functional BCB across nascent blood vessels in 
the neural tissue was observed with specialized endothelial cells that 
express BCB-specific influx and efflux transporters (Daneman et al., 
2010). The onset of barrier function was coincident with the recruitment 
of pericytes to the vasculature. In mice, BCB permeability was further 
found to correlate with vessel coverage by pericytes (Daneman et al., 
2010; Lindahl et al., 1997). 

The role that pericytes play in maintaining BCB integrity is nuanced 
given that deficiency in pericytes did not directly lead to down-
regulation of BBB-specific genes in endothelial cells, but instead resulted 
in upregulation of genes associated with leukocyte infiltration and 
transcytosis (Daneman et al., 2010). Endothelial cells in 
pericyte-deficient mice showed increase in cytoplasmic vesicles. 
Although tight junction proteins remained observable in such vessels, 
they were misaligned with the vascular lumen (Daneman et al., 2010). 
In such mice, defective maturation of astrocyte end-feet was found to 
correlate with mis-localization of aquaporin 4 (AQP4) to pericytes that 
had detached from blood vessels (Armulik et al., 2010). The findings 
indicate that pericytes direct astrocyte end-feet polarization to the blood 
vessels (Armulik et al., 2010). A mechanistic link between pericyte loss 
and accumulation of such pathological protein aggregates as 

hyperphosphorylated tau (p-Tau) and Aβ was thus revealed. Correct 
localization of AQP4 is thus essential for maintaining interstitial flow 
which in turn mediates lymphatic clearance of metabolic waste and 
pathological proteins (Mestre et al., 2018; Sagare et al., 2013; Silva 
et al., 2021; Winkler et al., 2014a). 

Apart from maintenance of BCB integrity, pericytes in the CNS carry 
out other important functions such as facilitating vascular remodeling, 
controlling cerebral blood flow, and modulating inflammation. Endo-
thelial cells secrete platelet-derived growth factor BB (PDGF-BB), which 
binds to platelet-derived growth factor receptor beta (PDGFRβ) on 
pericytes, activating the Ras/Raf/MEK/ERK cascade leading to pericyte 
detachment and chemotactic migration towards PDGF-BB (Laredo et al., 
2019). Migrating pericytes in turn secrete vascular endothelial growth 
factor (VEGF), which induces migration and proliferation of endothelial 
cells, resulting in angiogenesis (Darland et al., 2003). Upon stimulation 
by glutamate associated with neuronal activity, contractile pericytes 
induce capillary dilation; it is estimated that up to 84% of the increase in 
cerebral blood flow in response to neuronal activity is due to brain 
capillary dilation mediated by CNS pericytes (Hall et al., 2014). CNS 
pericytes also facilitate inflammatory responses in the brain, chiefly by 
facilitating transmigration of leukocytes through the BCB. It was shown 
in pericyte-deficient mouse models that leukocyte infiltration was 
inversely proportional to pericyte coverage, and upon experimental 
autoimmune encephalomyelitis (EAE) these mice were more susceptible 
to death arising from aggravated neuroinflammation caused by influx of 
leukocytes (Torok et al., 2021). 

2.2. Pericyte markers & subtypes 

No definitive set of pericyte/ pericyte subtype markers has yet to be 
agreed upon by the scientific community. This is largely due to the 
heterogeneity of cells that make up the vasculature. In general, pericytes 
express PDGFRβ, NG2, and CD146, and are distinguished from peri-
vascular fibroblasts by their absence in the interstitial space (Vanlan-
dewijck et al., 2018). αSMA expression on pericytes indicate a smooth 
muscle cell-like pericyte subtype that is located in pre-capillary arteriole 
and post-capillary venules, controlling cerebral blood flow (Vanlande-
wijck et al., 2018). On the other hand, lack of αSMA expression indicates 
a mid-capillary pericyte subtype that is more associated with BCB 

Fig. 1. Components of the blood-CNS barrier and CNS pericyte functions. Situated at the interface between the vascular system and the CNS, CNS pericytes 
embedded in the basement membrane are a crucial part of the neurovascular unit. 

H.W. Kim et al.                                                                                                                                                                                                                                 



IBRO Neuroscience Reports 16 (2024) 147–154

149

function (Chasseigneaux et al., 2018). That being said, both αSMA+ and 
αSMA– pericyte subtypes are required to form and maintain the BCB 
(Wilhelm et al., 2016; Zhao et al., 2015). Furthermore, GLAST Type 1+

(GLAST1+) pericytes, which supposedly make up 10% of the pericyte 
population in the CNS, are known to proliferate during CNS injury and 
form the core of the glial scar (Dias et al., 2021, 2018). However, single 
cell transcriptomics (scRNAseq) studies using human and mouse brains 
did not reveal such pericyte subtype, instead GLAST expression was 
found to be highly upregulated in astrocytes and perivascular fibroblasts 
(Gastfriend et al., 2021; Vanlandewijck et al., 2018). 

3. Pericyte derivation & transplantation 

3.1. Pericyte origin in development 

Lineage tracing and quail-chick chimera studies have shown that 
brain pericytes arise from the neural crest, while those in the brainstem 
and spinal cord are of a mutually exclusive mesoderm origin (Etchevers 
et al., 2001). This may partly explain the lower permeability of the 
blood-brain barrier compared to that of the blood-spinal cord barrier 
(Bartanusz et al., 2011). There is also evidence that neural crest-derived 
mesenchymal stem cells (MSCs) in the bone marrow serves as a reservoir 
of pericyte progenitor cells, which may migrate to sites of vascular 
remodeling and give rise to pericytes and smooth muscle cells (Coste 
et al., 2017; Isern et al., 2014; Lamagna and Bergers, 2006). However, 
the neural crest origin of MSCs and CNS pericyte progenitors in the bone 
marrow has yet to be validated by definitive lineage tracing studies. Yet 
another subset of CNS pericytes arises from mature macrophages during 
development, highlighting the multi-lineage nature of CNS pericytes 
(Yamamoto et al., 2017). 

3.2. Pericyte derivation & cell sources 

At present, pericyte differentiation is induced by commercial MSC- 
supporting medium containing fetal bovine serum (FBS), supple-
mented with a combination of PDGF-BB, basic fibroblast growth factor 
(bFGF), or transforming growth factor β (TGF-β) (Faal et al., 2019; 
Stebbins et al., 2019; Sun et al., 2020; Vidal et al., 2015). Binding of 
TGF-β to TGFβR2 in pericytes results in the phosphorylation of Alk5 and 
activation of the Smad signaling cascade. This in turn promotes differ-
entiation of progenitors into pericytes, as well as maturation, prolifer-
ation, and migration of pericyte cells (Sweeney et al., 2016). After 
establishment of pericyte cell-fate, binding of PDGF-BB to PDGFRs on 
pericytes activates several downstream signaling pathways involving 
Stat5, Ras/MAPK, PI3K/Akt, and PLCγ, resulting in pericyte prolifera-
tion, survival, and migration (Smyth et al., 2022; Sweeney et al., 2016). 
Similarly, bFGF is known to activate RAS/MAPK, PI3k/AKT, and PLCγ 
pathways (Goldfarb, 2001). Though the precise mechanism is not well 
understood, bFGF works in complement with PDGF-BB by upregulating 
PDGFRβ expression in pericytes (Nakamura et al., 2016; Nissen et al., 
2007). 

Such a strategy was used to obtain pericytes from embryonic mouse 
MSCs (Tachibana et al., 2018). Pericytes were also obtained from human 
pluripotent stem cells (hPSC) or human induced pluripotent stem cells 
(iPSCs)-derived from human embryonic fibroblasts after initial neural 
crest fate induction (Faal et al., 2019; Stebbins et al., 2019; Sun et al., 
2020). Pericyte induction from these neural crest-like cells can then 
proceed with addition of bFGF and PDGF-BB. Theoretically, any acces-
sible adult tissue harboring mesoderm- or neural crest-derived stem cells 
can be harnessed to produce pericytes, though cranial neural 
crest-derived stem cells may be advantageous for subsequent trans-
plantation into the brain (Etchevers et al., 2001). With that said, 
autologous pericytes derived from mature adipose tissue have been 
successfully engrafted into the brain vasculature in canines, raising the 
possibility that non-cranial neural crest-derived pericytes may also 
home to the cerebral vasculature to confer therapeutic benefits (Youn 

et al., 2015). 
Outside the context of CNS diseases, pericytes derived or culture 

expanded from bone marrow, adipose tissue, skeletal muscles, cochlear 
ducts, saphenous vein, and kidneys have demonstrated therapeutic ef-
fects upon transplantation in various diseases models by facilitating 
tissue repair and modulating blood flow (Amos et al., 2011; Hou et al., 
2020; Katare et al., 2011; Konig et al., 2016; Munroe et al., 2019; Song 
et al., 2022; Youn et al., 2015). Successful induction of brain pericytes 
from these clinically accessible sources of MSCs will be a significant step 
towards pericyte transplantation as therapy. 

Addition of PDGF-BB, bFGF, and TGF-β is insufficient for deriving 
pericytes as pericyte induction fails without FBS, meaning there are 
other growth factors & compounds that support pericyte growth that 
remain unknown (Stebbins et al., 2019). This highlights the possibility 
to improve derivation protocols for pericytes. Collection of scRNAseq 
data from pericyte derivation studies can inform more rapid and higher 
purity differentiation protocols by identifying druggable targets and 
growth factors that upregulate enriched pathways associated with per-
icyte differentiation (Cai et al., 2022; Wu et al., 2021). Conducting 
pathway enrichment analysis with available scRNAseq data on in vivo 
pericytes and cross-referencing the results with the proteomic profile of 
FBS may help researchers identify key factors involved in pericyte-fate 
determination to construct an efficient and standardized serum-free 
pericyte induction medium, which will expedite quality control and 
accelerate clinical translation (Reimand et al., 2019; Zheng et al., 2006). 
These recent advances in omics technology and data processing will be 
instrumental for optimizing and standardizing pericyte derivation pro-
tocols that are necessary for clinical translation (Roddie et al., 2019). 

3.3. Transplantation routes 

Both intravenous and intracranial delivery of pericytes have led to 
efficient cell engraftment and therapeutic benefits in rodent models of 
ischemic stroke and Alzheimer’s disease, respectively (Sun et al., 2020; 
Tachibana et al., 2018). However, it is difficult to conclusively deter-
mine the optimal method of pericyte delivery in various CNS disease 
contexts due to the lack of comparative studies. There is a plethora of 
studies on differential MSC engraftment rates and efficacy depending on 
transplantation route, which can be used as reference. Minimally inva-
sive delivery routes, such as intra-venous or intra-arterial injection 
through the carotid artery are often favored as they have less risk than 
direct injection to neural tissue. Furthermore, cell delivery via the cir-
culatory system allows repeated transplantations (Fricova et al., 2020; 
Hernandez and Garcia, 2021; Turnbull et al., 2019). However, studies 
reported that MSCs delivered via the intravenous route are mostly 
retained in the lungs, resulting in reduced engraftment in CNS tissue 
(Cerri et al., 2015; Fischer et al., 2009; Li et al., 2021). Therefore these 
methods generally had lower efficacy and reduced homing to target 
tissues compared to more invasive, direct routes of delivery, such as 
intralesional, intracerebral, or intraspinal injections (Jin et al., 2005). 
On the other hand, surgical transplantation of cells into the neural tissue 
suffer from inherent surgery-related risks and possible post-surgical 
complications, which make multiple transplantation undesirable and 
costly (Boltze et al., 2015). 

As such, invasive yet more effective routes of delivery are favored for 
traumatic or acute CNS diseases where operative care is necessary 
regardless of whether cell therapy is undertaken, while minimally 
invasive methods of cell transplantation are favored for chronic 
degenerative CNS diseases in which multiple injections may be required 
and surgery may exacerbate neurological damage (Boltze et al., 2015; 
Hernandez and Garcia, 2021). Recent studies have also shown that de-
livery routes such as intranasal delivery or intrathecal injection can still 
attain low peripheral retainment, while offering similar efficacy and 
homing ability as direct transplantation into the brain and spinal cord 
(Danielyan et al., 2014, 2009; de Araujo et al., 2022; Liau et al., 2020). 

Given that MSCs and pericyte cells are both cellular agents that share 
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similar marker expression and functional profile (Crisan et al., 2008; 
Dore-Duffy et al., 2006), and that pericytes have superior migratory and 
chemotactic properties compared to MSCs, it is expected that pericytes 
will show better homing compared to MSCs. Indeed, a recent study 
showed that a subset of placental MSCs with significantly enhanced 
migratory and angiogenic properties is marked by PDGFRβ expression, 
the canonical marker for pericytes (Wang et al., 2018). Though this 
subject remains controversial, tissues sources of what were regarded as 
MSCs may in fact harbor pericytes or pericyte progenitor cells that are 
highly migratory and can robustly home to vascular beds throughout the 
body and in the CNS (Caplan, 2008; de Souza et al., 2016). 

4. Value of pericyte transplantation in various CNS diseases and 
trauma 

The BCB guards against entry of blood components into the CNS - 
exposure to serum can initiate neuronal death, whereas influx of blood 
cells or clotting factors causes oxidative stress and instigates inflam-
matory cascades that ultimately lead to apoptosis (Garcia et al., 1992; 
Stokum et al., 2021). Despite the catastrophic consequences of BCB 
breakdown, there are limited treatment options to protect or restore the 
BCB in various CNS disorders that are characterized by chronic or acute 
BCB disruption. In this final section, we explore how pericyte trans-
plantation may be beneficial towards such CNS disorders. 

4.1. Neurodegenerative diseases 

Signs of BCB dysfunction in the brain can be detected early on in AD 
patients, preceding cognitive decline (Montagne et al., 2017). In a 
post-mortem study, AD brain samples had significantly lower pericyte 
vascular coverage in the cortex and hippocampus compared to healthy 
adults and the lack of pericyte coverage correlated with the severity of 
serum protein extravasation, an indicator of BCB breakdown (Sengillo 
et al., 2013). AD progression in patients with the major risk allele 
apolipoprotein E4 (APOE4) is also characterized by accelerated CNS 
pericyte degradation (Halliday et al., 2016). On the other hand, while a 
causative link between pericyte deficiency or dysfunction and PD has yet 
to be established, significant BCB disruption characterized by serum 
extravasation and disruption of BCB efflux is observed clinically (Bartels 
et al., 2008; Gray and Woulfe, 2015). 

Nonetheless, pericyte transplantation may help increase pericyte 
coverage in AD and PD patients to restore BCB integrity, reduce serum 
extravasation, and normalize efflux (Sun et al., 2020). Moreover, peri-
cyte transplantation have been shown to increase low density lipopro-
tein receptor-related protein 1 (LRP1)-mediated Aβ clearance in mouse 
models of AD (Tachibana et al., 2018). 

Pervasive BCB breakdown is also observed in post-mortem spinal 
cord samples obtained from ALS and multiple sclerosis (MS) patients 
(Garbuzova-Davis et al., 2012; Kirk et al., 2003; Ortiz et al., 2014; 
Winkler et al., 2013). This was characterized by pericyte degeneration, 
edema, extravasation of IgG, and reduced number of tight junctions in 
sporadic ALS patients, and tissue accumulation of serum proteins and 
hemoglobin deposits in MS patients. The extent of extravasation was 
correlated with reduced pericyte coverage (Garbuzova-Davis et al., 
2012; Winkler et al., 2013). In a familial ALS mouse model harbouring 
superoxide dismutase 1 (SOD1) mutation, BCB damage is observed early 
on, with motor-neuron dysfunction proportional to the extent of BCB 
damage (Winkler et al., 2014b). Early dysfunction of BCB in MS patients 
has been attributed to pathological activation of lymphocytes and 
release of proinflammatory cytokines (Kirk et al., 2003; Ortiz et al., 
2014). In a EAE mouse model of MS, regions with fibrinogen leakage due 
to compromised BCB induced rapid microglial activation that resulted in 
the release of reactive oxygen species and axonal damage (Davalos et al., 
2012). Notably, recent studies show that pericyte presence is crucial for 
differentiation of oligodendrocyte precursor cells (OPC) and remyeli-
nation (Azevedo et al., 2018; de La Fuente et al., 2017). Thus pericyte 

transplantation in ALS and MS not only has the potential to reverse BCB 
damage thereby reducing cell death resulting from serum and leukocyte 
extravasation, the action of pericytes in supporting OPC differentiation 
and remyelination has potential to counteract autoimmune destruction 
of myelin in MS. 

4.2. Stroke 

Apart from preserving brain function in neurodegenerative diseases, 
pericyte transplant can also alleviate progression of acute neural 
trauma. At the onset of ischemic stroke, tissue ischemia causes cytotoxic 
edema and rapid loss of pericytes, leading to gradual BBB breakdown 
(Fernandez-Klett et al., 2013; Krueger et al., 2019; Schellinger and 
Warach, 2004). During the acute phase (6 h – 6 days), reperfusion 
therapy is conducted and BBB permeability peaks as a result of neuro-
inflammation and reperfusion injury. This is followed by decreased BBB 
permeability during the sub-acute phase (1 – 3 weeks) and gradual 
stabilization in the chronic phase (> 6 weeks) (Bernardo-Castro et al., 
2020). In contrast, intracerebral hemorrhage (ICH) results in immediate 
BCB breakdown, leading to hematoma expansion in the first 24 h (Brott 
et al., 1997). This is followed by secondary brain injury that is charac-
terized by delayed BCB permeability as caused by oxidative stress, 
release of proinflammatory cytokines, and edema (Aiyagari, 2015; Keep 
et al., 2014). Interestingly, elevated BBB permeability during the 
sub-acute phase is beneficial towards angiogenesis for revascularization, 
and thus reduce cerebral infarction and improve prospects of neuro-
logical recovery in patients (Rust et al., 2019; Tang et al., 2007; Yin 
et al., 2015). 

Although this remains contested, endogenous pericytes can undergo 
pathological activation and act to restrict cerebral blood flow during 
ischemic stroke onset, impeding reperfusion after recanalization therapy 
(Vates et al., 2010; Yemisci et al., 2009). As such, while pericyte delivery 
during the acute phase can potentially attenuate inflammation and 
jump-start BCB reconstitution, exposure of transplanted pericytes to the 
acute post-stroke microenvironment may result in their undesirable 
pathological activation. Perhaps the optimal timepoint for pericyte 
transplant lies between the acute and sub-acute phases when the 
transplanted cells can still stimulate recovery but are less likely to be 
pathologically activated. In mice, pericytes injected 3-day post-ischemia 
were still able to bolster pericyte vessel coverage, enhance BCB integ-
rity, and improve behavior (Sun et al., 2020). This supports the notion 
that immediate pericyte transplant might not always be the optimal 
solution. 

Interestingly, pericyte loss has been indicated as a key risk factor for 
intracerebral hemorrhage, with loss of pericytes shown to induce 
microhemorrhages in humans and rodents (Tang et al., 2007; Winkler 
et al., 2018). Pericyte degeneration is also involved in other risk factors 
of intracerebral hemorrhage such as hypertension and cerebral amyloid 
angiopathy (Gatti et al., 2020; Shi et al., 2020; Tagami et al., 1990). 

4.3. Neurotrauma 

After an initial peak in BCB permeability after acute spinal cord 
injury, there is a second peak in BSCB permeability between 3 and 7 days 
post-injury, corresponding to a period of vascular remodeling and 
inflammation (Whetstone et al., 2003). After 2 weeks, spinal cord edema 
is generally resolved and BCB integrity begins to re-stabilize (Cho and 
Fehlings, 2017; Cohen et al., 2009; Kisler et al., 2017). Much like acute 
spinal cord injury, the acute phase of traumatic brain injury is charac-
terized by diffuse pericyte loss, impairment of pericyte-endothelial in-
teractions, loss of basement membrane protein and tight junctions, and 
vasogenic edema caused by BBB breakdown. During the subacute phase, 
PDGFRβ+ pericytes proliferate in the trauma zone and contribute to glial 
scarring (Bhowmick et al., 2019; Sakai et al., 2021; Zehendner et al., 
2015). 

In traumatic encephalopathy (CTE), chronic BBB damage by mild 
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repetitive brain injury is often the root cause of neurodegeneration and 
pursuant dementia and schizophrenia over time (Doherty et al., 2016). 
In CTE patients, regions of BCB damage evidenced by decreased number 
of tight junctions and extravasation of serum coincided with regions 
with p-Tau deposition (Farrell et al., 2019). Though pericyte loss has not 
yet been explored in the context of CTE, pericyte degeneration can be 
expected considering the BCB damage and accumulation of p-Tau. In 
chronic spinal cord myelopathy, signs of BCB damage can be observed in 
patients with moderate to severe compression and after decompression 
surgery (Blume et al., 2020; Hasegawa et al., 2007; Tachibana et al., 
2019). As in the case for ischemic stroke, increased BCB permeability 
after decompression results from reperfusion injury and vascular 
remodeling (Figley et al., 2014; Nishinaka et al., 2018; Vidal et al., 2017; 
Yang and Torbey, 2020). 

The role of pericytes in disease pathophysiology of neurotrauma is 
complex. There is evidence that pericytes may induce spinal cord 
ischemia through contraction during spinal cord injury and may impede 
neurological recovery by promoting fibrotic scarring (Almeida et al., 
2018; Picoli et al., 2019). Transplantation of pericytes may also intro-
duce a subset of GLAST+ pericytes that can hyperproliferate and 
contribute to astrogliosis (Dias et al., 2021). To mitigate this, 
pre-purification of pericytes with FACS or selective culture expansion of 
GLAST– and αSMA– pericyte subtypes may be necessary before 

transplantation. Given that survival of transplanted pericytes is likely 
low during the acute phase of spinal cord injury or traumatic brain 
injury, transplantation of GLAST– and αSMA– pericytes in the subacute 
phase is a testable alternative for improving prospects of BCB reconsti-
tution and vascular repair (Fig. 2). 

5. Conclusion 

Diverse CNS disorders are characterized by BCB disruption, with 
early loss of pericytes often preceding appearance of neurological 
symptoms. While pericytes modulate inflammation and clearance of 
CNS waste, they themselves are highly sensitive to proinflammatory 
cytokines and susceptible to toxic protein aggregates (Berthiaume et al., 
2018; Yamanaka et al., 2021). This suggests the possibility of a vicious 
cycle whereby pericyte degeneration caused by chronic inflammation 
and accumulation of pathological protein aggregates in early neuro-
degeneration starts a “snowballing” effect that further exacerbates per-
icyte loss, vascular pathology and BCB breakdown (Berthiaume et al., 
2018). Transplantation of functional CNS pericytes represents a possi-
bility to break the cycle and thus to allow for recovery from CNS dis-
orders. With recent advances in in vitro pericyte induction from 
clinically accessible sources, further preclinical & clinical exploration in 
various CNS disease contexts is warranted. 

Fig. 2. Therapeutic effects of pericyte transplantation and its clinical applications. Pericyte loss or dysfunction is observed in neurodegenerative diseases, neuro-
trauma, and stroke. Due to its multifaceted functional profile and high relevance in various CNS pathology, pericyte transplantation is an attractive therapeutic agent 
that is also broadly applicable. 
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