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 Background: The phosphatase actin regulator-1 (PHACTR-1) gene on chromosome 6 encodes an actin and protein phos-
phatase 1 (PP1) binding protein, Phactr-1, which is highly expressed in brain tissues. Phactr-1 expression is in-
volved in physiological and pathological cerebral microvascular events. This study aimed to investigate the role 
of expression of Phactr-1 in a mouse brain capillary endothelial cell line, bEnd.3, by knockdown the PHACTR-1 
gene.

 Material/Methods: Three bEnd.3 cell groups were studied, CON (normal control cells), NC (control scramble transfected cells), and 
KD (cells with PHACTR-1 gene knockdown). The PHACTR-1 gene was knocked down using transfection with 
small hairpin RNA (shRNA). In the three cell groups cell proliferation, migration, and apoptosis were studied by 
MTT and colony formation assays, transwell and scratch assays, and flow cytometry. The related cell pathways 
of associated with Phactr-1 knockdown were studied by Western blot.

 Results: Phactr-1 knockdown suppressed bEnd.3 cell proliferation and migration, promoted cell apoptosis, and down-
regulated the expressions of migration-associated proteins, including matrix metalloproteinase (MMP)-2 and 
MMP-9 and upregulated apoptosis-associated proteins, including Bax, Bcl-2, cleaved caspase-3, and caspase-3.

 Conclusions: Phactr-1 was shown to have a role in the inhibition of endothelial cell proliferation and migration, promoted 
cell apoptosis, and regulated matrix metalloproteinases and apoptosis-associated proteins. These findings indi-
cate that the expression of the Phactr-1 should be studied further in the cerebral microvasculature, both in vi-
tro and in vivo, regarding its potential as a diagnostic and therapeutic target for cerebral microvascular disease.
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Background

Angiogenesis is one of the most basic physiological processes 
occurring throughout life and leads to the formation of new 
blood vessels from existing endothelial cells, and promotes 
recovery from disease, including ischemic and hemorrhagic 
disease [1]. Angiogenesis is a complex process that requires 
a balance between pro-angiogenic and anti-angiogenic fac-
tors [2,3]. Changes in normal angiogenesis is associated with 
many disease processes, including tumor development, infarc-
tion, and hemorrhagic diseases [4].

The phosphatase actin regulator-1 (PHACTR-1) gene on chro-
mosome 6 encodes the actin and protein phosphatase 1 (PP1) 
binding protein, Phactr-1, which is highly expressed in neurons 
and vascular endothelial cells [5]. Phactr-1 regulates the pro-
cess of synaptic plasticity by modulating PP1 activity, which 
is critical for many neuronal functions [6]. In vascular endo-
thelial cells, the expression of Phactr-1 regulates PP1 activity 
and F-actin expression during vascular remodeling, possibly 
through its actin-binding activity [7,8].

PP1 is a member of the phosphoprotein phosphatase super-
family of Ser/Thr-specific protein phosphatases [9]. Four PPI 
isozymes have been identified, including PP1a, PP1b, and splice 
variants PP1g1 and PP1g2. PP1 has key functions in a variety 
of cellular processes, including transcription and protein de-
phosphorylation, and also has neuroprotective functions during 
cerebral infarction and hemorrhagic traumatic brain injury 
as a major upstream regulator of cell apoptosis and cell sur-
vival pathways [10,11]. PP1 activity has a role in brain repair 
through modulation of JNK1/2, Erk1/2, and Bcl-related apop-
totic and survival pathways [11]. PP1 also controls cell prolif-
eration by dephosphorylation of downstream substrates and 
mediates ezrin/radixin/moesin dephosphorylation and apop-
tosis to protect primary mouse brain endothelial cells during 
aging, reducing breakdown of the blood-brain barrier and pre-
venting neurocognitive impairment [12–14].

F-actin is biologically active actin that exists in various cells, 
including endothelial cells [15]. F-actin is involved in the main-
tenance of cell morphology and spatial structure, and also in 
like cell adhesion and cell transport [16]. The normal F-actin 
structure has been shown to be closely associated with cell 
migration in endothelial EA.hy926 cells in vitro [17]. The ex-
pression of Phactr-1 may be associated with the development 
of neurogenic and vascular disease.

Therefore, the aims of this study were to investigate the role 
of expression of Phactr-1 in a mouse brain capillary endothe-
lial cell line, bEnd.3, by knockdown of the PHACTR-1 gene.

Material and Methods

Cell culture

Cells of the mouse brain vascular endothelial cell line, bEnd.3, 
were obtained from American Type Culture Collection (ATCC) 
(Manassas, VA, USA) and cultured in Dulbecco’s modified Eagle’s 
medium (DMEM) (Gibco Laboratories, Grand Island, NY, USA) 
supplemented with 10% fetal bovine serum (FBS), 100 µg/mL 
streptomycin, and 100 µg/mL penicillin at 37°C in an anaero-
bic chamber infused with a gas mixture consisting of 5% CO2 
and 95% air. Six to eight cell passages were used for all ex-
periments. Three bEnd.3 cell groups were studied, CON cells 
(normal control cells), NC cells (control scramble transfected 
cells), and KD cells (cells with PHACTR-1 gene knockdown).

Lentiviral vector transfection with small hairpin RNAs 
(shRNAs)

The transfection induced knockdown of the PHACTR-1 gene 
in bEnd.3 cells with lentiviral vector-loaded PHACTR-1 small 
hairpin RNAs (shRNAs) designed by Shanghai Genechem 
Co., Ltd. (Shanghai, China). The sequences (PHACTR-1: 
5’-ACTGGAACAGAGGAACATT-3’, Scramble sequence: 
5’-TTCTCCGAACGTGTCACGT-3’) were used as the target se-
quence and scrambled control, respectively. The sequences 
were cloned into the pGV248 lentiviral vector. The recombi-
nant lentiviral plasmid and two plasmid vectors, pHelper 1.0 
and pHelper 2.0, were co-transfected into 293T cells. The me-
dium was changed 8 h following transfection. The viral super-
natants were collected and filtered at 48 h after transfection. 
For lentiviral (LV)-shRNA transfection, 5×103 bEnd.3 cells were 
cultured in 96-well plates for transfection after 24 h. Different 
media, including DMEM, DMEM + polybrene, enhanced trans-
fection solution (Eni.S), and Eni.S with polybrene, and different 
multiplicities of infection (MOIs) were tested to determine the 
optimal conditions for cell transfection. After 12 h following 
transfection, the different media were replaced with DMEM 
and then cultured for between 48–72 h at 37˚C in 5% CO2. The 
transfection efficiency was evaluated by observing green flu-
orescent protein (GFP) expression using a CKX41-A32PH fluo-
rescence microscope (Olympus Corp., Tokyo, Japan) and then 
further examined by quantitative reverse transcription poly-
merase chain reaction (qRT-PCR) and Western blot. In this study, 
the cells studied included the three groups, CON, NC, and KD.

Quantitative reverse transcription polymerase chain 
reaction (qRT-PCR)

Total RNA was isolated from bEnd.3 cells using TRIzol Reagent 
(Invitrogen, Carlsbad, CA, USA). After measurement of the 
RNA concentration using a NanoDrop 1000 spectrophotome-
ter (ThermoFisher, Wilmington, DE, USA). Quantitative reverse 
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transcription polymerase chain reaction (qRT-PCR) was per-
formed using a One-Step SYBR® PrimeScript™ PLUS RT-PCR Kit 
(Takara Bio Inc., Shiga, Japan). The ribosomal phosphoprotein 
large P0 (RPLP0) housekeeping gene was used. The primer se-
quences used to amplify the target genes were: 
PHACTR-1, forward: 5‘-GAGGCAAAGCAGAGAAGAGC-3’;
PHACTR-1, reverse: 5’-CATGATGTCTGACGGTTGGA-3’;
RPLP0, forward: 5’-CATTGCCCCATGTGAAGTC-3’;
RPLP0, reverse 5’-GCTCCCACTTTGTCTCCAGT-3’.

Relative mRNA expression levels were examined using the 
7900HT Real-Time PCR System (Applied Biosystems, Foster 
City, CA, USA).

Western blot

Total protein was extracted from bEnd.3 cells after cell lysis in 
lysis buffer. Following denaturation, aliquots containing equal 
amounts of protein were separated by 10% sodium dodecyl sul-
fate-polyacrylamide gel electrophoresis (SDS-PAGE) and trans-
ferred to polyvinylidene difluoride (PVDF) membranes. After 
blocking with 5% dried skimmed milk powder, the membranes 
were incubated overnight at 4°C with the following primary 
antibodies at 1: 1000 dilution: anti-Phactr-1 and anti-b-actin 
(Cat. No. ab229120, and ab8227), anti-MMP-2, anti-MMP-9, 
and anti-b-tubulin antibodies (Cat. No. ab92536, ab38898, 
ab15568), anti-Bax, anti-Bcl-2, and anti-GAPDH (Cat. No. 
ab32503, ab182858, and ab9485) (Abcam, Cambridge, UK), 
anti-cleaved caspase-3 and anti-caspase-3 (Cat. No. 9664 and 
9665) (Cell Signaling Technology, Beverly, MA, USA).

The membranes were washed three times in 10 mM Tris-HCl buf-
fer (pH 7.6) containing 150 mM NaCl and 0.05% Tween-20 for 
10 min. The membranes were then incubated with horseradish 
peroxidase (HRP)-labeled goat anti-rabbit IgG (1: 5000 dilution) 
(Cat. No. ab6721) (Abcam, Cambridge, UK) for 1 h at room tem-
perature, followed by incubation with enhanced chemilumines-
cence (ECL) reagent (Pierce, Rockford, IL, USA). The results were 
recorded using Quantity One image software (Bio-Rad, Hercules, 
CA, USA), and the relative intensity was evaluated by Gel-Pro 
Analyzer software (Media Cybernetics, Bethesda, MD, USA).

MTT colorimetric assay of bEnd.3 mouse brain capillary 
endothelial cells

Cells were seeded into 96-well plates at a density of 1,000 
cells/100 μl per well, cultured for 24h, and transfected with LV- 
PHACTR-1-shRNA or LV-NC-shRNA. After 24, 48, 72, and 96 h 
of culture, 10 μl of MTT solution (5 mg/ml) (11465007001) 
(Sigma-Aldrich, St Louis, MO, USA) was added, and the cells 
were incubated at 37°C for 4 h. Then, 150 μl of dimethyl sulf-
oxide (DMSO) was added to terminate the reaction, and the 
plates were gently shaken for 10–15 min. The absorbance of 

the wells at 490 nm was measured in a Bio-Tek Elx800 absor-
bance microplate reader (Bio-Tek Instruments, Winooski, VT, 
USA). The optical density (OD) using the OD490/fold method 
was used to evaluate the cell proliferation capacity, which was 
defined as the OD at 490 nm of each time point/OD at 490 nm 
at the first 24 h.

Colony formation assay of bEnd.3 mouse brain capillary 
endothelial cells

Colony formation assays were performed to assess cell growth. 
Cells (8×103) of CON, NC, and KD groups were seeded into the 
wells of 6-well plates and incubated at 37°C in 5% CO2 for 
96 h. The cells were then fixed with 4% paraformaldehyde 
for 30 min and stained with Giemsa (A0909-0010) (Applichem 
GmbH, Darmstadt, Germany) for 15 min. The cells were washed 
twice with double-distilled H2O, and the colony numbers and 
cell numbers were quantified using a CKX41-A32PH light mi-
croscope (Olympus Corp., Tokyo, Japan).

Transwell migration assay of bEnd.3 mouse brain capillary 
endothelial cells

Cell migration was analyzed using a Transwell Migration Kit (BD 
Biosciences, San Jose, CA, USA) according to the manufacturer’s 
instructions. Briefly, 2×105 bEnd.3 cells from the CON, NC, 
and KD groups were suspended in 100 μl of serum-free me-
dium and seeded into the upper chambers of 24-well plates 
containing transwell polycarbonate membrane filters with an 
8.0 μm pore size. The lower chambers were filled with 10% 
FBS-containing medium. Following cell culture for 24 h, the 
cells that had migrated into the membranes were fixed and 
stained with Giemsa solution, while the cells that had not mi-
grated into the membranes were scraped with cotton tips. 
The migrated cells were observed and photographed under a 
CKX41-A32PH light microscope (Olympus Corp., Tokyo, Japan).

Wound healing assay of bEnd.3 mouse brain capillary 
endothelial cells

The bEnd.3 cells (2×105) of the CON, NC, and KD groups were 
seeded into the wells of 24-well plates and cultured overnight 
at 37°C under 5% CO2. A scratch was created using a sterile 
200 μl pipette tip, followed by two washes with PBS. Images 
were captured at 0 and 24 h. Cell migration was observed and 
photographs were taken under a CKX41-A32PH light micro-
scope (Olympus Corp., Tokyo, Japan). The results were quan-
tified using Gel-Pro Analyzer software (Media Cybernetics, 
Bethesda, MD, USA).
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Apoptosis assay of bEnd.3 mouse brain capillary 
endothelial cells using flow cytometry

Flow cytometry was performed to detect apoptosis of bEnd.3 
cells. Following cell culture for 96 h, the cells in the CON, NC, and 
KD groups were washed with D-Hanks solution and digested 
with trypsinase. The digested cells were collected, washed 
twice with ice-cold PBS, suspended in 100 μl of binding buffer 
to 2×103 cells/µl with 5 µl of Annexin V and 5 µl of propidium 
iodide (PI), and incubated in the dark for 15 min at room tem-
perature. A further 300 μl of binding buffer was added. All pro-
cedures were performed according to the manufacturer’s instruc-
tions of the E606336 apoptosis kit (Sangon Biotech, Shanghai, 
China). Flow cytometry was performed within 1 h using an Accuri 
C6 flow cytometer (BD Biosciences, San Jose, CA, USA) to mea-
sure the apoptosis rate as a percentage of the cell population.

Statistical analysis

Statistical analysis was performed using IBM SPSS version 19 
software (SPSS Inc., Chicago, IL, USA). Histograms were created 
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Figure 1.  Transfection efficiency of bEnd.3 mouse brain capillary endothelial cells. (A) The transfection effects of bEnd.3 cells with LV-
PHACTR-1-shRNA were observed using fluorescent microscopy. Magnification ×100. (B) Bar graphs showed the quantification 
of PHACTR-1 gene mRNA expression in CON, NC, and KD cell groups. (C) Protein expression of Phactr-1 detected by Western 
blot in the different cell groups. b-actin was used as the housekeeping protein. (D) Bar graphs show the quantification of 
Phactr-1 protein expression in CON, NC, and KD cell groups. Data are presented as the mean ±SD. ** P<0.01. shRNA – small 
hairpin RNA; CON – normal control cells; NC – control scramble transfected cells; KD – cells with PHACTR-1 gene knockdown.
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Figure 2.  Proliferation of bEnd.3 mouse brain capillary 
endothelial cells by MTT assays in the CON, NC, and 
KD cell groups. Optical density (OD) 490. Data are 
presented as the mean ±SD. ** P<0.01. CON – normal 
control cells; NC – control scramble transfected cells; 
KD – cells with PHACTR-1 gene knockdown.
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using GraphPad Prism 6 software (GraphPad Software, San 
Diego, CA, USA). Data were presented as the mean ± stan-
dard deviation (SD) for at least five repeated individual experi-
ments in each group. The statistical significance of differences 
in data between groups was determined by one-way analy-
sis of variance (ANOVA) (three groups) or the Student’s t-test 
(two groups) for independent samples. P-values <0.05 and 
p<0.01 were considered to represent statistical significance.

Results

Transfection efficiency of bEnd.3 cells with LV- PHACTR-1-
shRNA and the results of quantitative reverse transcription 
polymerase chain reaction (qRT-PCR) and Western blot

Three bEnd.3 cell groups were studied, CON (normal control 
cells) NC (control scramble transfected cells), and KD (cells 
with PHACTR-1 gene knockdown). A multiplicities of infection 
(MOI) of 10, cell culture in Dulbecco’s modified Eagle’s medium 
(DMEM), and a transfection time of 72 h were found to be most 
effective in bEnd.3 cells transfected by LV-PHACTR-1-shRNA, 

based on repeated experiments (Figure 1A). The knockdown ef-
ficiency of the PHACTR-1 gene at the mRNA level reached 75% 
by quantitative reverse transcription polymerase chain reac-
tion (qRT-PCR) (p<0.01) (Figure 1B). Consistent with the qRT-
PCR results, the expression of Phactr-1 in the KD group was 
significantly reduced compared with that in the other groups 
by Western blot analysis (p<0.01) (Figure 1C, 1D). These re-
sults demonstrated that highly efficient Phactr-1 knockdown 
was achieved after transfection.

Phactr-1 knockdown reduced bEnd.3 mouse brain capillary 
endothelial cell proliferation

The MTT and colony formation assays assessed cell prolifer-
ation. During the 96-hour observation period, the MTT assay 
showed that the OD490/fold in the KD group was significantly 
lower compared with the CON and NC groups from 72 h 
(p<0.01), indicating that the bEnd.3 cell proliferation decreased 
when Phactr-1 was suppressed. In the first 48 h, cell prolifer-
ation showed no significant difference between the three cell 
groups (p>0.05) (Figure 2).
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Figure 3.  Proliferation of bEnd.3 mouse brain capillary endothelial cells by colony formation assays. (A) The results of the colony 
formation assays were observed using Giemsa staining in CON, NC, and KD cell groups. (B) Bar graphs showed the relative 
clone numbers of the CON, NC, and KD cell groups. (C) Cell numbers of each clone were detected by Giemsa staining in 
the CON, NC, and KD cell groups. Magnification ×100. (D) Bar graphs showed relative cell numbers determined by Giemsa 
staining of each clone in the CON, NC, and KD cell groups. Data were presented as the mean ±SD. * P<0.05, ** P<0.01. 
CON – normal control cells; NC – control scramble transfected cells; KD – cells with PHACTR-1 gene knockdown.
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The results of the colony formation assays were observed at 
96 h after shRNA transfection. The KD group had a significantly 
reduced number of colonies compared with the CON and NC 
groups (p<0.05) (Figure 3A, 3B). Also, the numbers of Giemsa-
stained cells for each colony in the KD group were significantly 
less when compared with those in the CON and NC groups 
(p<0.01) (Figure 3C, 3D). Therefore, the MTT and colony forma-
tion assays showed that PHACTR-1 gene silencing in bEnd.3 
cells significantly reduced cell proliferation.

Phactr-1 knockdown reduced of bEnd.3 mouse brain 
capillary endothelial cell migration

Transwell and wound healing assays were performed to in-
vestigate cell migration. Phactr-1 knockdown resulted in a 
significantly reduced number of migratory cells compared 
with the CON and NC groups in the transwell assay (p<0.01) 
(Figure 4A, 4B). Wound healing assays were performed at 24 h 

after scratch creation. Consistent with the results for the tran-
swell assays, the migration rates were significantly lower in 
the KD group compared with the CON and NC groups (p<0.01) 
(Figure 4C, 4D). These results showed that Phactr-1 knockdown 
reduced endothelial cell migration.

Phactr-1 knockdown promoted bEnd.3 mouse brain 
capillary endothelial cell apoptosis

Flow cytometry was performed to determine the apoptosis 
rates of bEnd.3 cells before and after Phactr-1 suppression. 
The apoptosis rates in the CON, NC, and KD groups were 
4.85±0.63%, 4.87±1.28%, and 20.67±1.99%, respectively. The 
results showed that the apoptosis rate differed significantly be-
tween the KD group and the other two groups (p<0.01) (Figure 
5A, 5B). These findings indicated that Phactr-1 expression had 
a role in bEnd.3 cell apoptosis.
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Figure 4.  Cell migration of bEnd.3 mouse brain capillary endothelial cells. (A) Cell migration assays were performed in bEnd.3 cells 
of the CON, NC, and KD groups by a transwell assay. Magnification ×100. (B) Bar graphs show the relative migration cell 
numbers of the CON, NC, and KD cell groups. (C) Wound healing assay performed for bEnd.3 cells of the CON, NC, and KD 
groups. Magnification ×100. (D) Bar graphs showed the relative wound closure of the CON, NC, and KD groups. Data are 
presented as the mean ±SD. ** P<0.01. CON – normal control cells; NC – control scramble transfected cells; KD – cells with 
PHACTR-1 gene knockdown.
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Phactr-1 knockdown suppressed the expression of 
migration-associated proteins and promoted the 
expression of apoptosis-associated proteins in bEnd.3 
mouse brain capillary endothelial cells

To investigate the regulatory mechanisms of Phactr-1, the 
expression of migration-associated proteins were studied, 
including the matrix metalloproteinases (MMPs), MMP-2 and 
MMP-9, and apoptosis-associated proteins were studied, 
including Bax, Bcl-2, caspase-3, and cleaved-caspase-3 by 
Western blot. The results showed that MMP-2 and MMP-9 
were significantly downregulated in the KD group compared 
with the NC group (p<0.01) (Figure 6A, 6B), while the Bax/Bcl-2 
and cleaved caspase-3/caspase-3 ratios were significantly in-
creased in the KD group compared with the NC group (p<0.01) 
(Figure 6C–6F). These findings indicated that Phactr-1 knock-
down inhibited cell proliferation and migration and induced cell 
apoptosis in bEnd.3 cells and that the expression of Phactr-1 
might have a role in the regulation of MMP-associated factors 
and the apoptosis pathway.
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Figure 5.  Apoptosis of bEnd.3 mouse brain capillary endothelial cells. (A) Flow cytometry assays determined cell apoptosis of the CON, 
NC, and KD cell groups. (B) Bar graphs showed the apoptosis rate of the CON, NC, and KD cell groups. Data are presented as 
the mean ±SD. ** P<0.01. CON – normal control cells; NC – control scramble transfected cells; KD – cells with PHACTR-1 gene 
knockdown.

Discussion

The phosphatase actin regulator-1 (PHACTR-1) gene on chro-
mosome 6 encodes an actin and protein phosphatase 1 (PP1) 
binding protein and is a member of the newly characterized 
mammalian scapinin family [5,18]. Four isozymes, Phactr-1 to 
Phactr-4, encoded as transcript variants, have been identified 
in the scapinin family. Phactr-1 protein is selectively expressed 
in brain tissues, and high expression levels have been detected 
in the hippocampus, cortex, and striatum, with enrichment of 
the protein at neural synapses [5]. Expression of Phactr-2 pro-
tein has been shown to be limited to specific neurons, including 
those of the olfactory bulb, hippocampal nucleus, piriform cor-
tex, CA3 area of the hippocampus, and Purkinje cell layer in the 
cerebellum [19]. Low expression levels of Phactr-3 protein have 
been shown to be present in the heart as well as in leukemia, 
melanoma, and lung cancer cells, and has also been shown to 
be enriched in normal human brain tissues [18,20]. High ex-
pression levels of Phactr-4 was found in proliferating neural 
stem/progenitors of adult brain tissues, and Phactr-4 mRNA 
has been shown to be highly expressed in the subventricular 
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zone, subependymal zone, and dentate gyrus, which are ar-
eas of the brain that are enriched with neural stem cells and 
neuronal progenitor cells [19].

In the present study, the PHACTR-1 gene was knocked down 
to investigate its role in bEnd.3 mouse brain capillary endothe-
lial cells. The findings of this study showed that bEnd.3 cells 
with Phactr-1 knockdown showed increased cell apoptosis, 
and decreased cell proliferation and migration. To our knowl-
edge, this was the first study to show that the expression of 
Phactr-1 in bEnd.3 cells had an impact on endothelial cell func-
tion. Angiogenesis is known to be strongly dependent on apop-
tosis, proliferation, and migration of endothelial cells [21]. In 
previous studies, vascular endothelial growth factor (VEGF)-
A165-induced PHACTR-1 gene binding to neuropilin-1 and 
vascular endothelial growth factor receptor 1 (VEGF-R1) was 
closely related to DR4/DR5/Fas/FADD/caspase-8/caspase-3 cell 
signaling, while Phactr-1 knockdown reduced the activity of 
protein phosphatase 1 (PP1) and abolished actin polymeriza-
tion, resulting in impairment of cell dynamics [8,21].

This present study also investigated the changes in matrix me-
talloproteinase (MMP), MMP-2 and MMP-9 expression levels. 

Low levels of MMP-2 and MMP-9 have previously been reported 
to inhibit the migration of endothelial cells [22]. In the present 
study, the migration ability of bEnd.3 cells were reduced after 
knockdown of expression of Phactr-1 influenced the expression 
of MMP-2 and MMP-9. This study also we compared apoptosis-
related protein ratios, Bax/Bcl-2 and cleaved caspase-3/cas-
pase-3 [23], between the NC group and KD group. The high 
Bax/Bcl-2 and cleaved caspase-3/caspase-3 ratios in the KD 
group were likely to be the major reasons for the suppression 
of cell proliferation and promotion of cell apoptosis. These find-
ings are consistent with previously published studies on pri-
mary human umbilical vein endothelial cells (HUVECs) [21,24]. 
These effects may lead to the suppression of endothelial cell 
proliferation and migration and promotion of cell apoptosis 
following Phactr-1 knockdown. Therefore, Phactr-1 should be 
studied further in both in vitro and in vivo studies to determine 
its role as a potential therapeutic target for vascular disease.

Debette and colleagues performed a genome-wide association 
study on 1,393 cases of cervical artery dissection cases and 
14,416 control subjects [25]. These investigators examined six 
single nucleotide polymorphism (SNP) markers at the five most 
significantly associated loci in the genotype panel (P<1×10–5 in the 

Figure 6.  The expression of MMP-2, MMP-9, Bax, Bcl-2, cleaved caspase-3, and caspase-3 in the bEnd.3 mouse brain capillary 
endothelial cells. (A, C, E) Western blot s for protein expressions of MMP-2, MMP-9, Bax, Bcl-2, cleaved caspase-3, and 
caspase-3 in the NC and KD cell groups. b-tubulin and GAPDH were used as the housekeeping proteins. (B, D, F) Bar graphs 
showed the quantification of MMP-2, MMP-9 protein expression and the Bax/Bcl-2 ratio and cleaved caspase-3/caspase-3 
ratio in the NC and KD cell groups. Data are presented as the mean ±SD. ** P<0.01. NC – control scramble transfected cells; 
KD – cells with PHACTR-1 gene knockdown; MMP – matrix metalloproteinase.
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genome-wide association study) and found that the rs9349379[G] 
allele (PHACTR-1) provided the most substantial evidence of 
an association in the genome-wide association data, and also 
showed a significant association with cervical artery dissection 
in the follow-up samples [25]. Also, the PHACTR-1 gene was pre-
viously shown to be associated with a lower risk of migraine and 
an increased risk of myocardial infarction [26–29]. However, the 
common pathological processes involved remain unclear. The 
key SNP variant, rs9349379, is intronic to the PHACTR-1 gene 
and was a risk locus for cervical artery dissection, migraine, and 
coronary artery disease [30]. The results of these previous stud-
ies suggest that different disease processes might be related to 
the gene polymorphisms of PHACTR-1 [31–34]. Therefore, the 
PHACTR-1 gene might not only have a role in angiogenesis of 
the cerebral microvasculature in vitro but might also have posi-
tive roles in vascular-associated events in vivo, such as cervical 
artery dissection, migraine, and myocardial infarction.

A previous study on breast cancer showed that the expression 
of transforming growth factor-b (TGF-b) could silence the ex-
pression of miR-584, resulting in enhanced Phactr-1 expres-
sion, and also resulted in actin re-arrangement and breast can-
cer cell migration [35]. These findings suggest that Phactr-1 

expression may impact tumor behavior, and indicates that 
future studies on the role of this gene should include its ef-
fects in neoplasia.

Conclusions

The findings of this study showed that knockdown of Phactr-1 
suppressed cell proliferation and migration and promoted cell 
apoptosis of bEnd.3 mouse brain capillary endothelial cells 
in vitro. Knockdown of the PHACTR-1 gene and its effects on 
microvascular endothelial cells might be associated with the 
expression of matrix metalloproteinases (MMPs), including 
MMP-2, MMP-9, and apoptosis-related pathways, including Bax/
Bcl-2 and cleaved caspase-3/caspase-3. Although the precise 
mechanisms associated with Phactr-1 expression in endothelial 
cells remain to be elucidated, these preliminary in vitro findings 
suggest that Phactr-1 might have a regulatory role in the mi-
crovasculature, and possibly in brain-related vascular disease.
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