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ORIGINAL ARTICLE
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Injury via an Increase in Circulating Endothelial Progenitor Cells
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Abstract Previous studies show that circulating endothelial
progenitor cells (EPCs) promote angiogenesis, which is a
process associated with improved recovery in animal models
of traumatic brain injury (TBI), and that recombinant human
erythropoietin (rhEPO) plays a protective role following
stroke. Thus, it was hypothesized that rhEPO would enhance
recovery following brain injury in a rat model of TBI via an
increase in the mobilization of EPCs and, subsequently, in
angiogenesis. Flow cytometry assays using CD34- and
CD133-specific antibodies were utilized to identify alterations
in EPC levels, CD31 and CD34 antibody-stained brain tissue
sections were used to quantify angiogenesis, and the Morris
water maze (MWM) test and the modified Neurological Se-
verity Score (mNSS) test were used to evaluate behavioral
recovery. Compared with saline treatment, treatment with
rhEPO significantly increased the number of circulating EPCs
on days 1, 4, 7, and 14 (P<0.05), improved spatial learning
ability on days 24 and 25 (P<0.05), and enhanced memory
recovery on day 26 (P<0.05). Moreover, rhEPO treatment
decreased mNSS assessment scores on days 14, 21, and 25

(P<0.05). There was a strong correlation between levels of
circulating EPCs and CD34- and CD31-positive cells within
the injured boundary zone (CD34+ r=0.910, P<0.01; CD31+

r=0.894, P<0.01) and the ipsilateral hippocampus (CD34+

r=0.841, P<0.01; CD31+ r=0.835, P<0.01). The present
data demonstrate that rhEPO treatment improved functional
outcomes in rats following TBI via an increase in the mobili-
zation of EPCs and in subsequent angiogenesis.

Keywords Traumatic brain injury . Erythropoietin .

Endothelial progenitor cells . Angiogenesis

Introduction

Traumatic brain injury (TBI) is currently one of the leading
causes of mortality and morbidity worldwide, particularly
from childhood to the age of 44 years [1, 2]. According to
the World Health Organization (WHO), TBI will be a major
health issue and the leading cause of disability by the year
2020 [3]. Following TBI, the main causes of mortality are
neuronal death and the breakdown of blood vessels, but
neurogenesis and angiogenesis play key roles in the mediation
of functional recovery [4–6]. In fact, angiogenesis in the brain
may provide a critical neurovascular niche that allows for
neuronal remodeling.

Circulating endothelial progenitor cells (EPCs) participate
in angiogenesis and vasculogenesis [7, 8] and have been
shown to decrease infarct volume, increase capillary density,
and improve blood perfusion in myocardial and hind-limb
ischemia animal models [9, 10]. Erythropoietin (EPO) pro-
motes erythrocyte proliferation and differentiation and has
been used clinically to treat anemia. EPO is protective against
spinal cord trauma [11], retina ischemia [12], skeletal muscle
ischemia [10], pulmonary hypertension [13], myocardium
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ischemia-reperfusion injury [14, 15], and brain trauma [16]
via enhanced anti-apoptotic [1, 11], anti-inflammatory [12],
and neuroprotective effects [17, 18]. EPO also enhances the
mobilization of EPCs to promote angiogenesis, decrease neu-
ronal cell death, and improve functional outcomes following
stroke [17, 19, 20].

However, the underlying mechanisms that support the neu-
roprotective effects of EPO following TBI remain unclear.
Thus, the present study used a rat model of TBI to investigate
the role of recombinant human erythropoietin (rhEPO) in
enhanced neurological recovery, which is thought to involve
increased mobilization of EPCs and subsequent promotion of
angiogenesis.

Methods

TBI Model

This study included adult male Wistar rats (300–350 g) sup-
plied by the Military Medical Academy of China [Beijing,
China]. All rats were housed in temperature- (22 °C) and
humidity-controlled (60%) rooms with a 12-h light/dark cycle
and sufficient food and water. All experimental procedures
were performed in accordance with the guidelines of the
Chinese Small Animal Protection Association.

To study the effects of brain injury, the present study
employed the conventional fluid percussion injury (FPI) mod-
el [21, 22]. Briefly, the rats were anesthetized intraperitoneally
with chloride hydrate (3 ml/kg), while maintaining a normal
body temperature using a heating pad. The head of each rat
was then fixed in a stereotactic frame, and a 10-mm incision
was made along the midline to expose the cranium. Then,
while keeping the dura mater intact, a right craniotomy (di-
ameter 4 mm) was performed 3.0 mm posterior to the coronal
suture and 2.0 mm lateral to the sagittal suture. A percussion
pressure of 1.8–2.0 atm (atm) was applied to produce TBI, as
described previously [23]. The incision was then closed with
sutures, and the rats were allowed to recover from the

anesthesia. A sham group of rats was subjected to the crani-
otomy procedure only.

Administration of rhEPO

A total of 66 rats were randomly divided into three groups (n=
22). Group 1 (TBI+rhEPO) consisted of rats that had under-
gone the TBI procedure and were injected intraperitoneally
with rhEPO (5,000 u/kg, 3,000 u in 0.5 ml; ESPO; Tokyo,
Japan) immediately following the TBI procedure and then
daily for 7 consecutive days. The rhEPO dose selected was
that most effective according to evidence from previous
studies [24]. Group 2 (TBI+saline) consisted of rats that
had undergone the TBI procedure and were injected
intraperitoneally with saline (0.2 ml) immediately fol-
lowing the TBI procedure and then daily for 7 consec-
utive days (Fig. 1). Group 3 (sham) consisted of rats
that had undergone a craniotomy but did not receive
any injections.

Monocyte Isolation and the Measurement of EPCs

To measure the number of circulating EPCs, 0.5 ml blood was
collected from the retro-orbital venous plexus of each rat using
a glass capillary and stored in ethylenediaminetetraacetic acid
(EDTA)-treated tubes. These samples were then diluted with
0.5 ml phosphate-buffered saline (PBS; pH 7. 4). Monocytes
were isolated by density gradient centrifugation using the
Ficoll-Paque PLUS method (Amersham Pharmacia Biotech
AB; Uppsala, Sweden), washed twice, and then incubated
with a PE-conjugated CD34 antibody (Santa Cruz Biotech-
nology; Santa Cruz, CA, USA) and a FITC-conjugated
CD133 antibody (goat polyclonal antibody; Santa Cruz Bio-
technology) in PBS, bovine serum albumin (BSA), and 2 mM
EDTA for 10 min at room temperature. The isolated mono-
cytes were then analyzed using flow cytometry (Beckman
Dickinson FACC Calibur system, BD Bioscience; San Jose,
CA, USA).

Fig. 1 Experimental design. The TBI procedure was performed on day 0,
and either rhEPO or saline was injected intraperitoneally immediately
following the procedure and then daily for 7 days. Brain tissue samples
were collected from six rats from each group on days 0 and 7 and used to
analyze CD34- and CD31-positive cells. MWM training was conducted
from days 21 to 25 after the TBI procedure, and a space probe experiment

was conducted on day 26. mNSS test assessments were conducted on
days 0, 1, 3, 5, 7, 14, 21, and 25. Blood samples were collected prior to,
3 h, 6 h, and 1, 4, 7, 14, and 25 days following the TBI procedure for the
quantification of EPCs and the HCT test. TBI traumatic brain injury;
rhEPO recombinant human erythropoietin; MWM Morris water maze;
mNSS Modified Neurological Severity Score
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Measurement of Hematocrit

To determine the effects of rhEPO on the hematocrit (HCT)
test, a 200-μl blood sample was collected retro-orbitally from
five rats from each group prior to and on days 4, 7, 14, and 25
following the TBI or sham procedures, using EDTA-treated
tubes. The blood samples were analyzed using a blood anal-
ysis machine (xs-800i, Sysmex; Kobe City, Japan).

Neurobehavioral Tests

Modified Neurological Severity Score Test The modified
Neurological Severity Score (mNSS) test [21, 25] includes
motor, sensory, reflex, and balance assessments (Table 1) with
the highest possible score being 18. A score of 13–18 indi-
cates severe injury, 7–12 indicates moderate injury, and 1–6

indicates mild injury. The mNSS test was performed in the
saline- and rhEPO-treated rats prior to and on days 1, 4, 7, 14,
and 25 after the TBI procedure.

Morris Water Maze Test A modified Morris water maze
(MWM) test was used to assess memory and learning deficits
in the rats following the surgical procedures [26]. The MWM
apparatus consisted of a circular water tank (diameter 150 cm,
height 50 cm) divided into four quadrants using imaginary
lines and filled with water (19–22 °C), which was made
opaque using India ink. There was an escape platform (diam-
eter 10 cm) in the center of the southwest quadrant (target
quadrant) that was submerged 2 cm under the surface of the
water. The activity of the rats was monitored using a tracking
system (Ethovision 3.0, Noldus Information Technology;
Wageningen, Netherlands) that consisted of a video camera,
computer, and software. The apparatus was placed in a spa-
cious room with simple pictures attached to the curtain sur-
rounding the tank that were visible to the rats.

All rats were trained on days 21–25 after the TBI procedure
(Fig. 1) so that the speed of each rat could be recorded prior to
the experiment in order to exclude disabled rats. On each day
of training, the rats individually performed four random trials
beginning from four different positions (north, east, southeast,
and northwest), and the percentage of time spent swimming
within the target quadrant was calculated relative to the total
amount of time spent in the pool. The maximum swim time
was 120 s per trial with a 5-min interval between each trial. If
the rat could not find the platformwithin 120 s on a given trial,
it was guided to the platform where it remained for 15 s before
being returned to a holding cage. On day 26, a space probe
experiment was conducted in which the platform was re-
moved from the water, and the rat was placed into the tank
at the farthest point from the position of the platform. The
percentage of time spent in the target quadrant (which had
previously held the platform) during 1 min of swimming was
recorded.

Immunohistochemistry

Brain tissue samples were collected from six rats from each
group on days 0 and 7 following the TBI procedure and used
to assess the presence of CD34- and CD31-positive cells. All
brain sections were frozen in liquid nitrogen, embedded in
tissue OCT compound (Leica 0201 06926; Germany), and a
series of 7-μm coronal brain sections was cut using a cryostat
(Leica; Germany) at −20 °C. Every tenth section from each
injured brain block (a total of five sections) was used for
immunohistochemical staining. The sections were fixed in
methanol for 15 min, washed in PBS, treated with 3 %
H2O2 at room temperature for 10 min, blocked with rabbit
serum at 37 °C for 30 min, and then incubated overnight at
4 °C with antibodies against either CD34 (1/100 dilution;

Table 1 Modified Neurological Severity Score points

Motor tests

Raising rat by tail 3

Flexion of forelimb 1

Flexion of hindlimb 1

Head moved >10° to vertical axis within 30 s 1

Placing rat on floor (normal=0, maximum=3) 3

Normal walk 0

Inability to walk straight 1

Circling toward paretic side 2

Falls down to paretic side 3

Sensory tests 2

Placing test (visual and tactile test) 1

Proprioceptive test (deep sensation, pushing paw against
table edge to stimulate limb muscles)

1

Beam balance tests (normal=0; maximum=6) 6

Balances with steady posture 0

Grasps side of beam 1

Hugs beam and one limb fall down from beam 2

Hugs beam and two limbs fall down from beam, or spins on
beam (>60 s)

3

Attempts to balance on beam but falls off (>40 s) 4

Attempts to balance on beam but falls off (>20 s) 5

Falls off; no attempt to balance or hang on to beam (<20 s) 6

Reflex absence and abnormal movements 4

Pinna reflex (head shake when auditory meatus is touched) 1

Corneal reflex (eye blink when cornea is lightly touched
with cotton)

1

Startle reflex (motor response to a brief noise from snapping
a clipboard paper)

1

Seizures, myoclonus, myodystony 1

Maximum points 18

One point is awarded for inability to perform the task or for an absence of
the tested reflex: 13–18, severe injury; 7–12, moderate injury; and 1–6,
mild injury
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Santa Cruz Biotechnology Inc.) or CD31 (1/100 dilution;
Santa Cruz Biotechnology Inc.), which is a platelet endothelial
cell adhesion molecule (PECAM). Following washing, the
sections were incubated with a horseradish peroxidase
(HRP)-conjugated secondary antibody at 37 °C for 30 min,
and positive signals were visualized using diaminobenzidine
(DAB). The sections were counterstained using hematoxylin
and eosin (HE), and negative controls were conducted by
omitting either the primary or secondary antibodies.

Quantification of Angiogenesis

The quantification of CD31- and CD34-positive cells was
conducted as previously described [21, 27]. Five sections (at
50-mm intervals) from each brain were obtained such that
three non-overlapping fields in the injury boundary zone or
the hippocampus were acquired randomly. Each section was
analyzed using a light microscope (Leica) with a 20× objec-
tive lens, and all assessments were performed by two inde-
pendent observers blinded to the experimental procedure.

Statistical Analysis

All analyses in this study were performed using SPSS 16.0
software [SPSS Inc, Chicago, IL]. Differences in the levels of
circulating EPCs and CD31- and CD34-positive cell counts in
the immunostained sections were analyzed using analysis of
variance (ANOVA) and Fisher’s least significant difference
(LSD) test. Between-group comparisons of mNSS scores
were conducted using Student’s t test, and the levels of circu-
lating EPCs and CD31- and CD34-positive cells in the injured
brain were evaluated by bivariate correlation analyses. All
data were expressed as means±standard deviations (SD),
and a P value less than 0.05 was considered statistically
significant.

Results

Treatment with EPO Increased Circulating EPCs

The exact definition of an EPC is an ongoing and controver-
sial issue. However, when investigating EPCs using flow
cytometry, the definition entails positivity of the CD34marker
in conjunction with co-expression of either CD133 or vascular
endothelial growth factor (VEGF) receptor-2 (VEGFR-2) [28,
29]. Accordingly, previous studies from our lab [21, 30, 31]
defined CD34- and CD133-double-positive cells as EPCs, and
in the present study, which used flow cytometry, the number
of circulating EPCs among 2×105 mononuclear cells
(Fig. 2a, b) was quantified using the same definition. There

were no significant differences among the three groups at
baseline, but subsequent to the TBI procedure, the number
of circulating EPCs in TBI rats decreased after 3 h (15.63±
4.62 versus 52.59±7.86; P<0.001) and increased after 6 h
(67.45±14.62 versus 50.08±7.05; P<0.01; Fig. 2c) com-
pared with sham rats. The level of circulating EPCs in the
saline group (TBI+saline) returned to the level of the sham
group 1 day following the TBI procedure, but treatment with
rhEPO (TBI+rhEPO) resulted in a continuous increase of
circulating EPCs. ANOVA revealed a greater number of cir-
culating EPCs in the rhEPO group than the saline group
following the TBI procedure on days 1 (73.92±13.15 versus
52.41±15.08, respectively; P=0.001), 4 (86.83±8.43 versus
43.10±2.91, respectively; P<0.001), 7 (92.12±7.12 versus
43.47±3.37, respectively; P<0.001), and 14 (65.18±7.14
versus 44.68±6.89, respectively; P<0.001; Fig. 2c).

HCT Levels

Prior to TBI, HCT values were similar among the three groups
(Fig. 3). However, ANOVA revealed higher HCT values in
the rhEPO-treated group than in the sham and saline groups
following the TBI procedure on days 4 (P<0.01), 7 (P<0.01),
and 14 (P<0.01; Fig. 3).

rhEPO Increased the Numbers of CD34- and CD31-Positive
Cells in the Injured Boundary Zone and the Ipsilateral
Hippocampus

This study utilized CD34 as a marker of microvascular endo-
thelial cells in injured brain tissue. ANOVA revealed a signif-
icant increase in CD34 expression in the injured boundary
zone (160.78±20.67 versus 117±17.68; P=0.001; Fig. 4a)
and ipsilateral hippocampus (89±19.50 versus 61.11±14.50;
P<0.01; Fig. 4a) of rhEPO-treated rats compared with saline-
treated rats (Fig. 4b–d). CD31 is an endothelial marker used to
identify angiogenesis in the brain following TBI and hypoxia-
ischemia [21, 32–34]. There was a significant increase in
CD31-positive cells in the injured boundary zone (180.59±
25.36 versus 143.11±20.78, P<0.01) and ipsilateral hippo-
campus (108±21.3 versus 75.22±16.27, P<0.01) of rhEPO-
treated rats compared with saline-treated rats (Fig. 5a–c).
Additionally, a strong association was observed among the
levels of circulating EPCs and CD34- and CD31-positive cells
in the injured boundary zone (CD34+ r=0.910; CD31+ r=
0.894) and ipsilateral hippocampus (CD34+ r=0.841; CD31+

r=0.835; Table 2).

rhEPO Treatment Improved Spatial Learning Ability
and Neurological Recovery in TBI Rats

The mNSS and MWM tests were used to determine whether
rhEPO treatment improves neurological function in TBI rats.
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The motor, sensory, and beam balance assessments of the
mNSS test were conducted prior to and 1, 3, 5, 7, 14, 21,
and 25 days following the TBI procedure in both rhEPO- and
saline-treated rats. There were no differences between the
groups 1 day after the TBI procedure, but the mNSS scores
of the rhEPO group were lower than those of the saline group
on days 14 (4.7±1.2 versus 6.6±1.5, respectively; P=0.01),
21 (4.1±1.5 versus 5.9±14, respectively; P<0.05), and 25

(2.9±1.5 versus 5.1±1.6, respectively; P<0.01; Fig. 6a) after
the TBI procedure.

The saline group demonstrated impaired learning on days
23, 24, and 25 following the TBI procedure. However, TBI
rats treated with rhEPO spent more time in the target quadrant
than saline-treated rats on days 24 (32.2±5.1 % versus 26.8±
4.4%, respectively; P<0.05) and 25 (35.0±5.3% versus 27.3
±5.9 %, respectively; P<0.05; Fig. 6b), indicating an im-
proved learning ability. A space probe experiment was used
to evaluate memory recovery in TBI rats on day 26 following
the TBI procedure. Treatment with rhEPO significantly in-
creased the time spent in the target quadrant compared with
saline-treated rats (32.86±5.3 % versus 27.0±5.9 %, respec-
tively; P<0.05; Fig. 6c).

Discussion

Angiogenesis is critical for the repair of neural cells and
functional recovery following injury in the brain, and a num-
ber of studies have shown that EPCs play a crucial protective
role in vascular-related diseases such as stroke and TBI
[35–37]. Similarly, the present study demonstrated that

Fig. 3 Treatment with rhEPO increased hematocrit in TBI rats. Quanti-
fication of hematocrit. *P<0.05

Fig. 2 rhEPO significantly increased levels of circulating EPCs in TBI
rats. aMononuclear cells were isolated from blood samples and selected
based on size using flow cytometry; the gated dot plots represent the
mononuclear cells. b The EPCs were identified using CD133 and CD34
monoclonal antibodies; the upper right dot plots represent the EPCs. c
Negative controls: mouse IgG1-PE and mouse IgG1-FITC. d The

quantification of EPCs. The rhEPO-treated group exhibited a higher
number of circulating EPCs compared with saline-treated and sham rats
on days 1, 4, 7, and 14 following the TBI procedure. Data are presented as
means±SD. *P<0.05, rhEPO- versus saline-treated groups; #P<0.05
saline-treated versus sham group. EPCs endothelial progenitor cells;
rhEPO recombinant human erythropoietin; TBI traumatic brain injury
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treatment with rhEPO increased the number of circulat-
ing EPCs and CD34- and CD31-positive cells in the
injured boundary zones and ipsilateral hippocampi of
TBI rats.

In previous studies, EPCs have primarily been evaluated
following myocardial ischemic, tumor, hind-limb ischemic, or
stroke damage [27, 31, 38]. TBI results in vascular breakdown
within the injured area as well as in induction of angiogenesis
or vasculogenesis, which are both important for recovery.
Therefore, EPCs may play an important role in TBI injury
and recovery. We previously [30] found that the number of
circulating EPCs is lower than normal during the early stages
of TBI but that these levels subsequently increase and peak
7 days after the injury, before returning to normal levels after
21 days. The level of circulating EPCs has been strongly
correlated with the severity of TBI in clinical research [34],
and studies in TBI rats show that atorvastatin and progester-
one increase the level of circulating EPCs and enhance angio-
genesis [21, 35]. Likewise, the present study found that rhEPO

treatment increased circulating EPCs in conjunction with mo-
bilization of the HCT in TBI rats.

EPCs are present in bone marrow and peripheral blood.
Increased levels of circulating EPCs are important for angio-
genesis and vascular remodeling [39, 40], and accordingly, the
transfusion of EPCs increases angiogenesis in animal models
of stroke and TBI [7, 41]. Importantly, enhanced neovascular
regeneration is correlated with improved functional results
following TBI or stroke [17, 18]. In the present study, treat-
ment with rhEPO increased circulating EPCs (CD34- and
CD133-double-positive cells) and enhanced angiogenesis
(CD34- or CD31-positive cells) in injured brain regions. EPCs
promote the remodeling of denude vascular walls and the
renewal of endothelial cells [36], and bone marrow-derived
EPCs can reduce capillary breakdown following midline TBI
in rats [18]. In the present study, levels of CD34- or CD31-
positive cells in the injured brain were correlated with changes
in circulating EPCs. Thus, circulating EPCs likely play an
important role in the enhanced angiogenesis that occurs

Fig. 4 rhEPO increased CD34-positive cells in the injury boundary
zones and hippocampal areas of TBI rats. a HE-stained sections revealed
the injury areas, boundary zones, and hippocampal areas of TBI rats. b
Representative images of sections stained with the CD34 antibody. c
Quantification of CD34-positive cells in the injury boundary zone. d
Quantification of CD34-positive cells in the ipsilateral hippocampus;

rhEPO treatment increased CD34-positive cells in the injury boundary
zone and hippocampus compared with the saline-treated group. *P<0.05
versus the sham group; #P<0.05 versus the saline-treated group. Data are
presented as means±SD. Scale bars 50 μm; arrows show the CD34-
positive cells. HE hematoxylin and eosin; TBI traumatic brain injury;
rhEPO recombinant human erythropoietin
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subsequent to brain injury, and the presence of vasculogenesis
or angiogenesis may contribute to the improvement of func-
tional outcomes as well.

rhEPO has been used clinically to treat anemia for more
than 10 years and is generally considered safe. Many studies
have demonstrated that rhEPO not only has anti-apoptotic,
anti-inflammatory, and neuroprotective effects in many organs

[3, 12, 42] but that it is an important mediator of angiogenesis,
although the underlying mechanisms of this process remain
unclear. The EPO receptor is thought to play a key role in
neuroprotection and neurorestoration [43], but a recent study
found that rhEPO improves functional outcomes and en-
hances angiogenesis in the injured mouse brain following
TBI in the absence of neural EPO receptors [44]. Experimen-
tal [45] and clinical studies [46] have shown that EPO en-
hances angiogenesis and protects against ischemia-related
damage via increases in levels of circulating EPCs fol-
lowing myocardial ischemia and stroke. Similarly, the
present study found that rhEPO significantly increased
the level of circulating EPCs and improved angiogenesis
following TBI in rats.

Because the amount of EPCs in peripheral blood is very
low, the mobilization of EPCs from bonemarrow to peripheral
blood using rhEPO is a safer and more feasible option than
EPC transplantation. EPO therapy has been used to treat

Fig. 5 rhEPO treatment increased CD31-positive cells in the injury
boundary zones and hippocampal areas of TBI rats. a Representative
images of sections stained with a CD31 antibody. b Quantification of
CD31-positive cells in the injury boundary zone. c Quantification of
CD31-positive cells in the ipsilateral hippocampus; rhEPO treatment

increased CD31-positive endothelial cells in the injury boundary zone
and hippocampus compared with the saline-treated group. *P<0.05
versus the sham group; #P<0.05 versus the saline-treated group. Data
are presented as means±SD. Scale bars 50 μm; arrows show the CD31-
positive cells. rhEPO recombinant human erythropoietin

Table 2 Correlation between the circulating EPCs and CD31+ or CD34+

cells in injured rat brain

Subside cells Pearson correlation
with EPCs

P value

CD34+cells (injured boundary zone) 0.910 0.000

CD34+cells (ipsilateral hippocampus) 0.841 0.001

CD31+cells (injured boundary zone) 0.894 0.000

CD31+cells (ipsilateral hippocampus) 0.835 0.001
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clinical stroke patients and was shown to increase levels of
circulating EPCs and enhance functional recovery 90 days
after injury [46]. EPO has also been evaluated using experi-
mental TBI animal models for a number of years. For exam-
ple, in a model of diffuse TBI, rhEPO treatment significantly
reduces the development of brain edema [47]. Additionally, in
a mouse model of TBI, EPO exerted neuroprotective effects in
the ipsilateral hippocampus and cortex of the injured brain via
enhancement of anti-apoptotic proteins, such as p-Akt and
Bcl-XL [44], and of VEGF and VEGFR expression [48].
The VEGF system and anti-apoptotic proteins are known to
support neurovascular remodeling in EPO-treated rats follow-
ing TBI, and EPO is also used as a multifunctional pharma-
cotherapy with a promising future for the treatment of clinical
TBI patients.

Conclusion

TBI is one of the leading causes of mortality and morbidity in
people under the age of 44 years. The primary pathological
issue associated with TBI is damage to blood vessels in the
brain, but very little research concerning the relationship
between the level of circulating EPCs and angiogenesis in
the brain following TBI has been conducted. EPO has been
shown to improve functional recovery and neurogenesis in
animal models of TBI. The present data demonstrate that a
novel mechanism, the EPO-induced mobilization of circulat-
ing EPCs, may play an important role in the enhancement of
angiogenesis and contribute to the improvement of functional
outcomes following TBI.
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