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Abstract

Vascular Dementia (VaD) is a neurodegenerative disease caused by vascular lesions that leads to reduced
Cerebral Blood Flow (CBF). We investigated the potential of Endothelial Progenitor-like Cells (EPC-like cells) in
mitigating dementia symptoms by improving the endothelial remodelling in the ischemic VaD mice. EPC-like cells
could be differentiated from CD117 positive bone marrow cells with cytokines, e.g. VEGF, b-FGF, EGF, IL-1β and
IGF-1, and then characterized by surface markers (CD117+, CD31+, Tie2+ and VE-Cadherin+) and biological function
of tube formation and LDL uptake. The feasibility in treating VaD was assessed by using the carotid artery ligation
VaD mouse model. Among EPC-like cells, about 93% of cell population expressed CD117 molecules and 27% of
cell population expressed CD31 molecules, which demonstrated the ability for the tube formation and phagocytosis.
Half number of dementia mice in disease group was established with increased latency, which could be restored to
normal latency with EPC-like cells treatment in another dementia mice group. In conclusion, the EPC-like cells
improved memory function of VaD mice, which demonstrated the potential of EPC-like cells in treating VaD.
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Introduction
Vascular Dementia (VaD) is the second most common cause of

dementia after Alzheimer’s disease [1]. Reduced Cerebral Blood Flow
(CBF) caused by cerebrovascular lesions is a major contributor to the
cognitive impairment seen in VaD patients. Current treatments for
VaD may be helpful in attenuating the disease progression but are not
able to reverse the injury to the brain. Therefore, recovery of cerebral
blood flow via the repair of injured endothelial tissue could provide a
therapeutic strategy to mitigate the brain damage caused by VaD and
maintain the memory function in VaD patients.

In 1997, the Endothelial Progenitor Cells (EPCs) from human
peripheral blood were reported to mitigate the damaged vascular
vessels and promote angiogenesis in ischemic tissue [2]. EPCs could be
differentiated from hematopoietic stem cells and characterized by
elevated expressions of endothelial lineage markers, such as (Vascular
Endothelial Growth Factor Receptor) VEGFR2/Flk-1, Tie2, CD31
(Cluster of Differentiation 31), VE-cadherin, and E-selectin [3,4]. The
therapeutic effect of EPCs for treating vascular diseases has been
demonstrated in many preclinical studies, including myocardial
infarction, critical limb ischemia, and ischemic stroke [4,5].

To study the therapeutic effect of EPCs on VaD, cells were generated
from Bone Marrow (BM)-derived stem cells, and then evaluated in an
animal model of VaD.

Materials and Methods

Differentiation of BM-derived CD117+ cells toward
endothelial cells in vitro

The male C57BL/6 mice aged 6 to 8 weeks were purchased from
BioLASCO (Taipei, Taiwan). The protocol for animal study was
approved by the Institutional Animal Care and Use Committee at the
Development Center of Biotechnology. The BM-derived mononuclear
cells were isolated by a ficoll-paque density gradient centrifugation
method (Ficoll-PaqueTM PREMIUM, GE Healthcare, PA, USA) after
filtration of 40 µm cell strainer (Corning, NY, USA). The CD117+ cells
were purified from BM-derived mononuclear cells using the CD117
microbeads combined with a magnetic cell sorting system (Miltenyi
Biotec, CA, USA). Purified CD117+ cells (3×106 per well) seeded on a
fibronectin-coated six-well plate were cultured in basal MCDB131
medium (Thermo Fisher Scientific, MA, USA) containing 10% fetal
bovine serum (HycloneTM, UT, USA), 1 µg/ml ascorbic acid (Sigma,
MO, USA), 50 ng/ml hEGF (PeproTech, NJ, USA), 0.5 ng/ml
VEGF-165 (BioLegend, CA, USA), 10 ng/ml hb-FGF (PeproTech, NJ,
USA), 20 ng/ml R3 IGF-1 (BioVision, CA, USA), and 10 ng/ml IL-1β
(PeproTech, NJ, USA) in 5% CO2 at 37ºC for 29 days.

The expression of cell surface antigens [CD117 (Miltenyi Biotec,
CA, USA), CD31, VE-cadherin, and Tie2 (BioLegend, CA, USA)] was
quantified by flow cytometry. The in vitro angiogenesis activity of
differentiated cells was assessed by tube formation as previously
described by Hur et al. with a slight modification [6]. In brief, cells
were cultured in the MCDB131 medium containing 10% FBS, and
seeded on BD Matrigel Matrix Growth Factor Reduced (BD
Biosciences, NJ, USA). In Dil-Ac-LDL uptake activity assays, cells were
incubated with 10 µg/ml 1,1'-dioctadecyl-3,3,3',3'-
Tetramethylindocarbocyanine-labeled acetylated low-density
lipoprotein (Dil-Ac-LDL, Invitrogen, MA, USA), and the uptake
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activity was measured as the percentage of fluorescent cells using a
fluorescence microscope.

Therapeutic efficacy of IL-1β enhanced CD117+

differentiated cells in a mouse model of vascular dementia
Twelve male C57BL/6 mice aged 6 to 8 weeks were purchased from

BioLASCO (Taipei, Taiwan). The protocol for animal study was
approved by the Institutional Animal Care and Use Committee at the
Development Center of Biotechnology. Mice were randomly divided
into three groups: normal, disease, and treatment groups (n=4 per
group). In the disease and treatment groups, cerebrovascular cognitive
impairment was induced through permanent bilateral common carotid
artery ligation to reduce the CBF as previously described by Wang et al
[7]. The treatment group intravenously received one shot of 3×105

IL-1β enhanced CD117+ differentiated cells 3 days after carotid artery
ligation. After 32 days of cell treatment, the Morris water maze was
used to assess memory function following 3 days of continuous
training. The maximum escape latency was recorded as 120 s when
latency time was excessed [8].

Statistical analysis
Data for Morris water maze were expressed as mean ± SEM and the

statistical analysis was compiled with the one-way ANOVA method for
the significant difference between groups. A value of p < 0.05 was
considered statistically significant.

Results

The IL-1β enhanced CD117+ differentiated cells acquired the
characteristics of endothelial cells

In this study, purified BM-derived CD117+ cells were cultured in a
basal differentiation medium comprising a mixture of growth factors
and additional IL-1β for 29 days, and characterized using the
expression levels of CD117, CD31, Tie2, and VE-cadherin. The data
showed a slight increase in CD117+ cell population (79.6% to 92.8%)
and dramatic increase in the population of VE-cadherin (0.2% to
72.1%) and Tie2 (4.0 to 34.3%), respectively, in those differentiated
cells (Figure 1A). It was also observed that CD31-expressed cells were
slightly down-regulated from 31.4% to 26.9%.

In the functional assay, the differentiated cells showed phenomena
of vascularization on the Growth Factor Reduced (GFR) matrigel
(Figure 1B), and the length of tube formation was measured as 11.3 ±
1.32 mm (mean ± SD) per field. Around 99% of cells showed the
engulfment ability of Dil-Ac-LDL with positive flurorescent cells.

Improvement of memory function in mice with VaD
Surgical ligation of the carotid artery was performed to induce VaD

in mice. Using the Morris water maze test, a half number of dementia
mice in disease group were observed with maximum escape latency of
120 s that resulted in around 1.7 fold increase in latency (68.6 ± 30.0 s)
compared to normal mice (40.0 ± 26.9 s) (Figure 2). Mice treated with
the IL-1β enhanced CD117+ differentiated cells showed a lower latency
(28.4 ± 6.1 s) compared with the normal group.

Figure 1: The characteristics of IL-1β enhanced CD117+

differentiated cells. (A) Bone marrow-derived CD117+ cells were
analyzed by flow cytometry analysis of CD117, CD31, Tie2, and VE-
cadherin expression levels at Day 0 and Day 29. (B) Tube formation
on Growth Factor Reduced (GFR) matrigel was quantified by Image
J software, and the Dil-Ac-LDL uptake by cells was quantified with
fluorescence microscopy.

Figure 2: The Morris water maze test for IL-1β enhanced CD117+

differentiated cells. Mice induced with VaD by carotid artery
ligation were injected with IL-1β enhanced CD117+ differentiated
cells (treatment group) and subject to the Morris water maze test.
Mice receiving surgical intervention were regarded as disease group.
The latency to reach the platform is presented as mean ± SEM.

Discussion
In this study, we investigated how the IL-1β improves the

differentiation of EPC-like cells that Tie2 and VE-cadherin were
expressed in accordance with the acquired abilities in tube formation
and Ac-LDL uptake. In dementia animals, those EPC-like cells could
improve the memory of dementia mice in a water maze test. It is
suggested that a potential therapeutic strategy for treating dementia
could be developed by improving the blood circulation.
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The effect of IL-1β on EPCs had previously been studied in vitro,
and the data showed that viability, proliferation, colony formation, and
angiogenic activity of EPCs could be enhanced in the presence of IL-1β
[9,10]. However, the in vivo therapeutic potential of IL-1β enhanced
EPCs was unclear till now. It is evidenced that the IL-1β enhanced
EPC-like cells were observed to improve the memory of dementia mice
in a water maze test in our study.

VE-cadherin is an adhesion molecule that plays an important role
in the vascularization of the blood vessel [6]. High expression of VE-
cadherin in EPC-like cells posed a capable of angiogenesis, which was
beneficial to improving the memory of dementia mice in this study. It
is deduced that it may be contributed to remodel the vascularization
and increase the blood flow to the brain.

According to Alzheimer’s Disease International, patients were first
diagnosed for dementia in every 3 s [11]. Unfortunately, there are no
approved medicines to improve patient's cognitive activity. Here, our
preliminary data from dementia mice treated with endothelial
progenitor-like cells showed a benefit to cognitive behavior, which
might be contributed to a remodeling of injured with vascularization
to increase the cerebral blood flow. Some studies have been reported to
improve dementia by increasing the blood flow to the brain, for
examples, constructed exercises or medicines used for cardiovascular
disease also show some benefits in improvement of dementia to
support our observation in this study [12-14]. The cause of Alzheimer's
disease may also be contributed with low cerebral blood flow that
might be regarded as target of improvement [15].

Conclusion
In this study, the improvement of memory in dementia animals had

been demonstrated by IL-1β enhanced EPC-like cells. In conclusion,
the vascular damage-caused dementia can be rescued by remodeling
the blood vessel of therapeutic cells.
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