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ABSTRACT

Traumatic brain injury (TBI), 
which is the most common cause of 
death and disability after trauma, is 
accompanied with altered vasculo‑
‑neuronal properties due to a variety 
of inflammatory complications and 
cognitive dysfunction. Recent stud-
ies show that progression of disease 
may be ameliorated by increased 
numbers of stem/progenitor cells, 
which may restore impaired prop-
erty of neurons and possibly blood 
vessels and even regenerate them in 
pericontusional area. The ability of 
stem cells to self ‑regenerate and dif-
ferentiate may contribute to amelio-
ration of physiological dysfunction 
and possibly cognitive impairments 
after TBI. The focus of this review 
is to explore the role and use of 
stem/progenitor cells in post ‑TBI 
healing process.
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TRAUMATIC BRAIN INJURY; 
VASCULO -NEURONAL UNIT

Traumatic brain injury (TBI) is a 
devastating public health problem 
worldwide. It is the leading cause of 
death and disability after trauma. The 
harmful effects of TBI occur during 
primary injury and secondary com-
plications. Primary damage is in-
duced by a mechanical force which 
results in compression and physical 
damage of neuro ‑vascular unit 
(NVU)1,2, which consists of cerebral 
microvessels, glial cells (astroglia, 
microglia, oligodendroglia), and neu-
rons forming an integrated network 
that regulates important physiologi-
cal functions. The secondary compli-
cations that may occur hours or days 
after the injury can be a result of isch-
emia, inflammation2,3 and may in-
volve blood - brain barrier (BBB) 
impairment. BBB is the regulated 
interface between the peripheral cir-
culation and the central nervous sys-
tem3. Since any vascular or/and blood 
flow dysfunction, such as regulation 
of ion balance, homeostasis, changes 
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in oxygen and nutrition supply, trans-
port of neurotransmitters and hor-
mones, leads to or/and exacerbates 
neuronal abnormalities, a term 
“vasculo ‑neuronal” dysfunction 
seems to be more appropriate to de-
fine primary source and direction of 
complications leading to cognitive 
impairments3. However, “neuro‑
‑vascular” alterations should define 
functional impairments originated 
from damaged neurons and glial cells 
that affect vasculature.

The treatment of TBI implies ac-
tive therapeutic approach in the acute 
phase and the management of long‑
‑term posttraumatic complications. 
The acute care is mostly a complex 
symptomatic treatment to maintain 
adequate cerebral perfusion. The aim 
of long ‑term therapy is rehabilitation 
to improve motor function as well as 
cognitive skills2. The main goal of 
TBI therapy is to achieve the regen-
eration of damaged vasculo ‑neuronal 
unit. Since ability of neurons to repair 
is very poor, no effective treatment 
exists other than supportive care, and 
therefore treatment of TBI still re-
mains a challenge.

Recently, many preclinical and 
clinical research studies have shown 
that stem/progenitor cell transplanta-
tion has a potential benefits and pos-
itive regenerative effects resulting in 
physiological and functional im-
provement in many disorders includ-
ing TBI4,5.

STEM/PROGENITOR CELLS; 
NEURONAL STEM CELLS

Commonly used stem/progenitor 
cells are pluripotent and/or multipo-
tent cells. While pluripotent cells can 

give rise to most of the cell types that 
make up the body, multipotent cells 
can develop into more than one cell 
type, but this is more limited than that 
of pluripotent cells. Thus, multipo-
tent cells have an ability of self‑
‑renewal and pluripotent cells have 
the capacity to generate differentiated 
cells6 ‑9. There are two main stem cells 
types: embryonic stem cells (found 
in early embryo), and adult (somatic) 
stem cells. The main sources of so-
matic stem cells are blood, skin, um-
bilical cord blood, bone marrow, and 
adipose tissue.

Neural stem cells (NSCs) are the 
most commonly used cells in the 
treatment of neurological disorders 
including TBI. NSCs are mostly de-
rived from embryonic stem cells2,6. It 
was shown that NSCs were differen-
tiated in neurons and glial cell lines10. 
Treatment of brain injured rats by 
NSCs showed that these cells may 
differentiate into neurons and also 
improve cognitive function11. Re-
duced neurologic deterioration, de-
creased inflammatory infiltration, 
and brain edema formation were also 
reported after NSCs treatment2.

The majority of research studies 
is focused on stem cell therapy tar-
geting neuronal regeneration4 and 
less is known about their role in vas-
cular repair. Further we will focus on 
use of stem cells in cerebrovascular 
repair/regeneration after TBI.

ENDOTHELIAL PROGENITOR 
CELLS; STROMAL VASCULAR 
FRACTION

It is known that angiogenesis is 
crucial for tissue repair and recovery 
after TBI. Endothelial progenitor 
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cells (EPCs) have a pivotal role in 
neovascularization that improves ce-
rebral perfusion and attenuates sec-
ondary complications12. As a self‑
‑defensive mechanism, the number of 
EPCs is significantly increased in 
blood 4 days after TBI13,14. They mi-
grate toward the injured area and pe-
ripheral cerebral tissues to promote 
neovascularization12. Chen et al dem-
onstrated that intravenously adminis-
trated spleen ‑derived EPCs aggre-
gated in the injured area and restored 
cerebral blood perfusion diminishing 
the level of brain injury in rats with 
TBI12. Clinical studies also showed 
that the number of circulated EPCs 
along with vascular endothelial 
growth factor (VEGF) and 
Angiopoetin ‑1 were increased and 
positively correlated to Glasgow out-
come scale in patients 7 days after 
severe TBI compared with the healthy 
controls14,15. Park et al showed that 
bone ‑marrow derived EPCs treat-
ment had an effect not only on vas-
cular but also on neuronal tissue. Ap-
plication of EPCs protected secondary 
post ‑ischemic axonal and vascular 
damage in rats after TBI16. Compara-
tive studies were done on adipose tis-
sue and bone ‑marrow derived EPCs17. 
The data showed that both type of 
EPCs almost equally participated in 
brain neovascularization and tissue 
repair. Behavioral improvement was 
also demonstrated17.

TBI is accompanied with an in-
creased cerebrovascular permeability 
to blood proteins caused by impaired 
endothelial cell properties. We tested 
the hypothesis that TBI ‑induced an 
increase in cerebrovascular permea-
bility can be ameliorated by elevation 
of EPC numbers. Permeability of pial 
venules in pericontusional area of 

mild injury was studied in C57BL/6J 
mice. After induction of mild TBI, 
mice were infused with bone marrow‑
‑derived EPCs in 100 ml of phos-
phate buffered saline (PBS) or with 
PBS alone (control group) through an 
external jugular vein. After 14 days, 
pial venular permeability was as-
sessed in these mice by measuring 
the extravascular accumulation of 
fluorescein isothiocyanate ‑labeled 
bovine serum albumin using an intra-
vital fluorescence microscope. Cere-
brovascular leakage was decreased in 
mice infused EPCs compared to that 
in mice infused with PBS alone. 
These results suggest that TBI‑
-induced increased cerebrovascular 
permeability can be ameliorated by 
enhancing the number of EPCs, 
which can restore impaired property 
of vascular endothelium in pericon-
tusional area18.

Adipose tissue is a very abundant 
source of mesenchymal stem cells 
and surgically easily accessible 19. 
The stromal vascular fraction (SVF) 
from adipose tissue is very heteroge-
neous cell isolate and a rich source of 
regenerative cells, including mesen-
chymal stem cells19. SVF also con-
tains endothelial, smooth muscle, 
blood, and other stromal/mesenchy-
mal cells19,20. Used either as an allo-
geneic or autologous preparation, 
SVF cell therapy has a complex heal-
ing effect on the vasculature. LeB-
lanc et al demonstrated that treatment 
with the SVF after an acute myocar-
dial infarction caused increased mi-
crovascular perfusion in the peri‑
‑infarct area and improved functional 
flow reserve, even without changing 
microvessel density, resulting in ame-
liorated cardiac dysfunction post‑
‑MI19. So far, there are no studies 
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published on the effect of SVF after 
TBI. Our preliminary data showed 
that macromolecular permeability 
was lessened in mice infused with 
SVF compared to that in mice infused 
with PBS alone (unpublished data).

CONCLUSION

Presently treatment of TBI is chal-
lenging and mainly is based on repair 
of damaged NVU. While this ap-
proach seems promising, targeting 
vasculo ‑neuronal unit in anticipation 
of improvement of overall brain func-
tion should also be used. Stem/pro-
genitor cell therapy is the most prom-
ising treatment in post ‑TBI based on 
their ability of self ‑regeneration and 
differentiation. Similarly, transplanta-
tion of SVFs has a great potential be-
cause of their homologues affinity. 
However, mechanisms of stem cells 
proliferation, regeneration, survival 
and function must be fully understood 
to be freely used in the future in post‑
‑TBI treatment.
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