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ABSTRACT

Background and aims: pathological angiogenesis plays an important role in the
progression of chronic liver diseases. Asparaginyl endopeptidase (AEP) participates in
tumor angiogenesis and was recently shown to be associated with liver fibrosis. This
study aimed to explore the effect of AEP on liver sinusoidal endothelial cell (LSECs)
angiogenesis and determine the underlying mechanism.

Methods: cultured LSECs were infected with lentiviruses in order to suppress AEP
expression (AEP-KD1, AEP-KD2). The effect of AEP on LSEC proliferation, apoptosis
and migration were subsequently determined by a CCK8 assay, flow cytometry and
wound-healing and Transwell assays, respectively, in AEP knocked-down and control
LSECs. The expression of the endothelial cell surface markers CD31, CD34 and von
Willebrand factor (vVWF) were detected by immunofluorescence assay and western
blot. The angiogenic factors, vascular endothelial growth factor receptor 2 (VEGFR2)
and interleukin 8 (IL 8) were detected by real-time PCR and western blot. The effect

of AEP on vessel tube formation by LSECs was examined by Matrigel™ tube-
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formation assay. Phosphoinositide 3-kinase (PI3K)/Akt expression and
phosphorylation were detected by western blot.

Results: AEP was effectively knocked down by lentivirus infection in LSECs. Down-
regulation of AEP expression significantly decreased proliferation and migration and
increased apoptosis of LSECs. Moreover, expression levels of the endothelial cell
surface markers CD31, CD34 and vWF, as well as angiogenic factors VEGFR2 and IL 8,
were also reduced after AEP was knocked-down. The vessel tube formation abilities
of AEP-KD1 and AEP-KD2 LSECs were significantly inhibited compared with LSECs
without AEP knocked-down. Down-regulation of AEP also inhibited the
phosphorylation of PI3K and Akt.

Conclusion: AEP promotes LSECs angiogenesis in vitro, possibly via the PI3K/Akt
pathway. AEP may therefore be a potential therapeutic target for preventing the

progression of liver fibrosis.

Key words: Asparaginyl endopeptidase. Liver sinusoidal endothelial cells.

Angiogenesis. Sinusoidal capillarization. PI3K/Akt.

INTRODUCTION

Angiogenesis occurs during the progression of chronic liver diseases, including
fibrosis, cirrhosis and hepatocellular carcinoma (HCC). A close relationship between
angiogenesis and liver fibrosis has been indicated in both clinical and experimental
conditions (1). Liver sinusoidal endothelial cells (LSECs) form the fenestrated wall of
the hepatic sinusoid and are the most important and abundant non-parenchymal
cells in the liver. LSECs have also been shown to participate in pathological hepatic
angiogenesis (2). The early stage of angiogenesis includes three steps: endothelial
cell proliferation, migration and tube formation (3). We previously found that LSECs
formed tube-like structures in vitro and played an important role in the pathobiology
of angiogenesis (4). Differentiated LSECs have also been shown to activate hepatic
stellate cells (HSCs), promote angiogenesis and therefore accelerate liver fibrosis (5).
Thus, they are thought to play an essential role in pathological angiogenesis in

chronic liver diseases. Furthermore, inhibition of pathological angiogenesis could be
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a new treatment strategy in patients with chronic liver diseases (6).

Asparaginyl endopeptidase (AEP), also known as legumain, is a member of the C13
family of cysteine proteases (7). AEP expression is absent or low in normal tissues,
including normal peritumoral tissues (8). However, AEP is overexpressed in solid
tumors, the extracellular matrix and endothelial cells in the tumor
microenvironment (9). The highest expression levels are in lysosomes. AEP is also
involved in many physiological and pathological processes, including cell
proliferation (10) and migration (8). A previous study showed that AEP promoted cell
proliferation independently of endopeptidase activity (10). Shen et al. (11) found
that legumain (AEP) overexpression in RAW 264.7 cells induced tube formation of
endothelial cells in Matrigel™. They also showed that legumain expression
and angiogenesis were increased in late-stage compared with early stage tumors and
the administration of a legumain inhibitor suppressed tumor
growth, angiogenesis and collagen deposition.

The phosphoinositide 3-kinase (P13K)/Akt pathway is an important signaling pathway
for endothelial cell proliferation, migration and tube formation (12). Furthermore,
AEP is known to be an up-stream regulator of the Akt pathway (13). Zhu et al. (14)
demonstrated that AEP may be involved in prostate cancer cell proliferation,
invasion and survival, partially via the activation of the PI3K/Akt signaling pathway.

A previous study by Abdul Hameed et al. (15) indicated that legumain may be a
relevant gene in liver fibrosis. However, no further studies have reported on the
relationship between AEP and liver fibrosis and few studies have examined the role
of AEP in liver diseases. We hypothesized that AEP may promote angiogenesis of
LSECs, thus promoting the progression of liver fibrosis. The effect of AEP on the
proliferation, apoptosis, migration and vessel tube formation of LSECs was
investigated in the present study. AEP was found to promote proliferation and
migration and inhibited apoptosis of LSECs. Furthermore, the expression of the
endothelial cell markers CD31, CD34, vWF and angiogenic factors VEGFR2 and IL 8
were increased. It was also demonstrated that AEP increased vascular tube
formation of LSECs. The function of AEP may be mediated through the PI3K/Akt

signaling pathway. These findings may provide new evidence to aid in the treatment
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of liver diseases, with the potential to reduce the incidence rates of liver cirrhosis

and even liver carcinoma.

MATERIALS AND METHODS

Cells and cell culture

Primary human LSECs that were authenticated via phenotype characterization and
positive for von Willebrand were purchased from Sciencell (CA, USA). Bovine plasma
fibronectin (Sciencell, CA, USA) was coated on flasks (1 ug/cm?) overnight before
sub-culturing cells. LSECs were cultured with complete endothelial cell medium
(ECM) supplemented with 5% heat-inactivated fetal bovine serum, 1% endothelial
growth supplement and 1% penicillin/streptomycin (Sciencell, CA, USA) in a

humidified atmosphere of 5% CO, at 37 °C.

Lentiviral infection

Lentiviral vectors for AEP knockdown were constructed by Hanyin Biotech (Shanghai,
China). The shRNA sequences for AEP gene knockdown were: shl: 5'-
GATGGTGTTCTACATTGAA-3’; sh2: 5'-AAACTGATGAACACCAATGAT-3’. The control
shRNA sequence was 5’-GTAGCGCGGTGTATTATAC-3’. The lentiviruses were
packaged using psPAX2 and pMD2G (Hanyin Biotech). Lentivirus-containing
supernatants were added to the LSECs cells, followed by selection with 1 pg/ml
puromycin in order to obtain cells with AEP knockdown or overexpression. LSECs
were subsequently infected with lentiviruses to generate AEP-knockdown (referred
to as AEP-KD1, and AEP-KD2 LSECs) according to the manufacturers’ instructions.
Cells infected with an empty vector served as a control, referred to as NC. The

infection efficacies were examined by Western blot (Fig. 6).

Cell proliferation assay

The cell counting kit-8 (CCK-8) (Obio, Shanghai, China) was used to test the effect of
AEP on LSEC proliferation; 2 x 10° cells were seeded per well in a 96-well plate
(Corning®, NY, USA) in 100 ul of ECM medium with 1% FBS. The cells were incubated
forld,2d,3d,4dand5d; 10 ul of CCK8 was added to each well and incubated at
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37 °C for an additional three hours at the end of each time point. The absorbance at
450 nm was subsequently measured with FlexStation® 3 (Molecular Devices). Each
sample was assessed in quintuplicate replicas and each experiment was

independently replicated three times.

Flow cytometry analysis of apoptosis

Cells were trypsinized and single-cell suspensions (2 x 10° cells) were extracted and
washed using phosphate-buffered saline for cell apoptosis analysis. The Annexin V-
PE Apoptosis Detection Kit (BD Pharmingen™, USA) was applied to assess apoptosis
according to the manufacturer’s instructions. Briefly, cells were resuspended in 1x
binding buffer at a concentration of 1 x 10° cells/ml and 100 ul of this suspension
was combined as follows: a) only cells; b) Annexin V-PE reagent (5 ul); c) 7-AAD
reagent (5 pl); and d) both Annexin V-PE reagent (5 pl) and 7-AAD reagent (5 ul). The
tubes were gently vortexed and incubated for 15 minutes at room temperature and
then the dark 1x binding buffer (400 ul) was added to each tube and analyzed by

flow cytometry.

Wound-healing assay

An in vitro wound-healing assay was performed to measure the migration of LSECs.
Cells were seeded in a 6-well plate (2 x 10° cells/well) and incubated in complete
ECM for 24 hours. When the cells reached confluence, a straight line was scratched
across the culture using a 10-200 ul micropipette tip. Subsequently, the cells were
washed twice with PBS and then incubated in ECM with 1% FBS at 37 °C. Images of
the cells were obtained using an inverted phase-contrast microscope (Olympus,
Tokyo, Japan) at 0 hours and 24 hours. The wound width was determined using

Image J 1.48 software (Bio-Rad, USA).

Transwell assay
LSECs migration was evaluated using an 8-um pore size Transwell system (Corning®
Costar, MA, USA) inserted into a 24 well plate separating the upper and lower wells

of the chamber. Briefly, 3 x 10* cells/well in 200 ul of 1% FBS ECM was added to the
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upper chamber and the bottom wells were filled with 600 pl of complete ECM. The
chamber was then incubated at 37 °C with 5% CO, for 24 hours. Migrated cells were
stained with May-Grunwald-Giemsa and then counted in ten random fields using a
phase-contrast microscope (Olympus, Tokyo, Japan). Each sample was assessed in

triplicate and the experiments were repeated and performed three times.

Immunofluorescence assay

LSECs were fixed with 4% paraformaldehyde and permeabilized with a solution
containing 0.5% Triton X-100 and 0.1 mg/ml RNase A in phosphate-buffered saline
(PBS). They were subsequently immunostained by incubating with primary
antibodies against CD31, CD34, and vWF (1:200, Abcam, USA) at 4 °C for overnight.
They were subsequently incubated with Texas red-conjugated secondary antibodies
(1:1000, Abcam, USA) and then DAPI at room temperature. The slides were

photographed using a fluorescence microscope (Olympus, Tokyo, Japan).

Quantitative real-time PCR

Total RNA was extracted from cells using the Trizol reagent. RNA extracts were
reverse-transcribed with random hexamers and avian myeloblastosis virus reverse
transcriptase using a commercial kit (SYBR® PrimeScriptTM, Takara, Japan). Real-
time (RT) PCR for quantitative assessment of mRNA expression was performed using
an ABI Prism 7900HT Fast Real-Time PCR System (Applied Biosystems®, Tokyo,
Japan), as described by the manufacturer. The expression levels of VEGFR2 and IL 8
were normalized to the expression of actin mRNA in each sample using the ACt
method. Relative differences in gene expression between subgroups were
determined using the comparative Ct (AACt) method. Fold expression was calculated
using the formula 2-AACt, in which AACt represents the ACt values normalized to

the mean ACt of actin.

Western blot analysis
Cells were lysed and protein was extracted by RIPA lysis and then separated using

10% SDS-PAGE and transferred onto a PVDF membrane (Millipore, MA, USA). After
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blocking with 10% non-fat dry milk in TBS for one hour, protein was detected using a
primary monoclonal rabbit antibody specific to AEP, CD31, CD34 and vWF (1:1000,
Abcam, USA), VEGFR2 and IL 8 (1:1000, Immuno Way, USA), phosphorylated (p)-
PI3K, p-AKT, total-PI3K and total-AKT (1:1000, Cell Signaling Technology, USA) and
actin (1:2000, Cell Signaling Technology, USA). Subsequently, the membranes were
incubated with horseradish peroxidase (HRP)-conjugated secondary antibodies
(1:2000, Santa Cruz, USA). The protein bands were visualized using enhanced
chemiluminescence (Millipore, MA, USA). Each experiment was independently

replicated three times.

In vitro tubulogenesis assay with LSECs

The vessel tube formation ability of LSECs was assessed with Matrigel™-induced tube
formation as previously described (16); 60 ul Growth Factor Reduced Matrigel™
Matrix (BD Bioscience, USA) was added per well to a 96-well plate and polymerized
at 37 °C for 30 minutes to form a gel layer. LSECs were serum starved overnight and
then 2 x 10* of LSECs in 100 ul of ECM with 1% FBS were added to each well. The
cells were observed six hours later with an inverted phase-contrast microscope
(Olympus, Tokyo, Japan) and photographed. The number of branching points which
generated at least three tubules was counted. The experiments were performed

independently three times.

Statistical analysis

Quantitative results were expressed as mean * SD. Statistical analysis was assessed
using the Student’s t-test (between two groups) with the SPSS 20.0 software (SPSS,
Chicago, USA). p values < 0.05 were considered as statistically significant and p

values of < 0.01 were considered as highly significant.

RESULTS
AEP promotes LSECs proliferation and inhibits LSECs apoptosis
The role of the AEP gene in LSECs was assessed using the CCK8 assay. Down-

regulation of AEP expression in LSECs (AEP-KD1 and AEP-KD2) significantly reduced
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cell proliferation, demonstrated by a reduction in optical density (OD) compared
with NC control cells at three, four and five days (p < 0.01 for all comparisons) (Fig.
1A). Cell apoptosis is another important cellular activity. The apoptotic rate of each
group of cells was calculated by counting late apoptosis in the Q2 region and early
apoptotic cells in the Q4 region. The apoptosis rates were significantly increased in
both AEP-KD1 and AEP-KD2 LSECs compared with NC control cells, as shown by flow

cytometry analysis (p < 0.001 for both comparisons) (Fig. 1B and C).

AEP promotes LSECs migration in vitro

Cell migration is key process in angiogenesis and therefore the migration ability of
LSECs was investigated by wound-healing and Transwell assays. AEP down-regulation
(AEP-KD1 and AEP-KD2) significantly impaired cell migration in a wound-healing
assay compared with NC control cells (p < 0.001 for both comparisons) (Fig. 2A and
B). Similarly, fewer AEP-KD1 and AEP-KD2 cells had migrated to the lower side of the
filter after 24 hours in the Transwell assay (p < 0.001 for both comparisons) (Fig. 2C
and D).

AEP increases the expression of endothelial cell surface markers and angiogenic
factors on LSECs

Furthermore, cells were then immunostained with antibodies to CD31, CD34 and
VWF, which are all important human endothelial cell surface markers indicative of
hepatic sinusoid capillarization of LSECs (17). There was a lower expression of CD31,
CD34 and vVWF in AEP-KD1 and AEP-KD2 LSECs compared with NC control LSECs (Fig.
3A and B). This was confirmed by western blot, as shown in figure 3C. VEGFR2 and IL
8 are important angiogenic factors expressed on LSECs under pathological
conditions, mRNA and protein levels of both VEGFR2 and IL 8 were reduced after
AEP was down regulated in LSECs (Fig. 3D and E).

AEP promotes LSECs tube formation in vitro
The effect of AEP on the tubulogenesis ability of LSECs was assessed in vitro by the

Matrigel™ tube-formation test. Down-regulation of AEP significantly inhibited the
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vessel formation ability of LSECs. AEP-KD1 and AEP-KD2 cells developed incomplete
and sparse networks in Matrigel™ after incubation for six hours, whereas NC control

cells formed extensive and enclosed tubes (Fig. 4A and B) (both p < 0.001).

AEP regulates LSECs angiogenesis partially through activation of the PI3K/Akt
signaling pathway

The importance of the PI3K/Akt signaling pathway in cell survival and migration has
been well established (18). The role of AEP in the activation of this pathway was
further investigated. Suppression of AEP expression in LSECs reduced the levels of
phosphorylated, but not total, PI3K and Akt (Fig. 5A and B). Taken together, these
results suggest that AEP might be a crucial factor that controls LSECs cell

proliferation, migration and survival through the activation of the PI3K/Akt pathway.

DISCUSSION

The progression of liver disease is accompanied by pathological angiogenesis (19).
Ehling et al. (20) demonstrated that angiogenesis was induced, even in the initial
stages of liver fibrosis, while the fibrosis stage involved extensive hepatic
neovascularization. Furthermore, anti-angiogenic multikinase inhibitors have been
shown to have anti-fibrotic potential in the preclinical settings (19). However, the
relationship between angiogenesis and fibrosis during the progression of chronic
liver disease remains unclear (21).

An increasing number of studies have examined the role of AEP, which was first
described within the endosome/lysosome system (22). Since then, it has been
detected in the nucleus (10), on the cell surface and in the extracellular matrix (23).
Although the expression level in most normal tissues is very low (8), it is highly
expressed in many solid tumors and has been shown to be related to a more invasive
and metastatic phenotype (8,24). AEP is involved in many physiological and
pathological processes, including liver fibrosis (15), tumor angiogenesis and
metastasis (25). However, its detailed effect and mechanism remain poorly studied.
In the current study, we identified AEP as a potential pro-angiogenic factor and

demonstrated that AEP down-regulation could represent an anti-angiogenic



NFERMEDADES IDIGESTIVAS

therapeutic strategy for liver fibrosis.

Cell proliferation is the first step in angiogenesis. In this study, we demonstrated that
down-regulation of AEP significantly inhibited the proliferation of LSECs. This is
consistent with previous studies showing that AEP promoted the growth of cancer
cells, such as breast (26) and prostate cancer cells (27). The legumain promoter is
sensitive to nuclear Ca*, which has been shown to regulate legumain expression via
ELK-1, affecting cell proliferation (10). Down-regulation of AEP resulted in increased
apoptosis of LSECs, indicating that AEP inhibited LSEC apoptosis in vitro. Endothelial
cell apoptosis may reduce pathological angiogenesis. For example, pigment
epithelium-derived factor is a potent anti-angiogenic factor and its effect is partially
mediated through the induction of endothelial cell apoptosis (28). However, further
studies are needed in order to clarify if AEP promotes the proliferation of LSECs by
inhibiting the apoptosis.

Collective cell migration is an important cellular event involved in many different
physiological processes such as embryonic development, tissue repair, angiogenesis,
and wound healing (29,30). AEP was previously shown to promote cancer cell
migration in vitro and was identified as a poor prognostic factor in gastric cancer
patients (31). The present study also showed that down-regulation of AEP sub
stantially inhibited LSECs migration.

LSECs play an important role in the pathology of portal hypertension. Furthermore,
sinusoidal capillarization or decreased fenestration of LSECs was shown to lead to
angiogenesis and the development of portal hypertension (32). CD31, CD34 and vWF
are indicators of sinusoidal capillarization in cirrhotic liver (33). CD31 and CD34 are
also widely used as continuous or pan vascular endothelial markers (34). Although
they are rarely expressed in normal liver tissues, both CD31 and CD34 (as markers
of angiogenesis) are abundantly expressed in liver tissues from cirrhotic patients
(35). CD31 expression on the surface of differentiated LSECs remains controversial
and some studies have suggested that CD31 is absent on the surface of
differentiated LSECs, except during in vitro culture or stimulation with pathological
factors (36). VWF is expressed in most blood vessels but its expression levels differ

among various kinds of vascular beds. vVWF expression in the liver is extremely low
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under normal conditions and mostly occurs in vascular endothelial cells but not
LSECs (37). However, LSECs capillarization in a fibrotic liver is associated with a
change in many cells from a vVWF-negative to a vVWF-positive immunophenotype (38).
The present study showed that down-regulation of AEP inhibited the expression of
CD31, CD34 and vWEF in cultured LSECs in vitro. Meanwhile, down-regulation of AEP
also inhibited tube formation of LSECs in vitro by reducing the number of tubes. This
is consistent with previous reports showing that isolated rat LSECs could undergo
capillary morphogenesis and form a vascular network in Matrigel™ (39). This
suggests that AEP down-regulation was associated with LSEC differentiation, while
previous in vitro studies notably showed that differentiated LSECs prevented HSCs
activation and promoted their quiescence, thus enhancing the regression of fibrosis
and preventing cirrhosis progression (40-42).

The PI3K/Akt signaling pathway is known to play an important role in cell
proliferation and migration (18), which are essential processes in angiogenesis. The
present study indicated that depletion of AEP inhibited the activation of phospho-
PI3K and phospho-Akt. Whereas previous studies reported that activation of the
PI3K/Akt signaling pathway enhanced the angiogenic capability of LSECs by
promoting the production of vascular endothelial growth factor A in hepatocytes and
expression of VEGFR2 in LSECs (43). Gong et al. (44) found that down-regulation of
PI3K/Akt phosphorylation blocked IL 8 secretion and therefore inhibited LSECs
angiogenesis. The present study also demonstrated that the expression levels of
VEGFR2 and IL 8 were reduced after AEP was down regulated, which may result from
the inhibition of PI3K/Akt activation.

Pathological angiogenesis occurs during the initial stages of liver fibrosis and is likely
a prerequisite that favors the eventual development of HCC. Andrade et al. (10)
showed that AEP expression was increased in HCC cells compared with normal
hepatocytes, suggesting that AEP expression was increased in HCC, similar to the
situation in other solids tumors. Up-regulation of AEP expression was shown to be
positively correlated with invasive and metastatic potential of tumors (8,45,46). AEP
has also been examined as a target of oral DNA vaccines that target tumor

vasculature and the microenvironment and suppress tumor growth and metastasis
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(47). Overall, these results suggest the need for a safe and effective pharmacological
treatment to prevent the progression of liver fibrosis to HCC.

The current study had some limitations. The LSECs used were derived from healthy
individuals rather than from patients with fibrosis. Furthermore, all the experiments
were conducted in vitro and further in vivo studies are needed to confirm the ability
of AEP to improve liver fibrosis through the maintenance of the normal LSEC
phenotypes and reduction of LSECs angiogenesis.

In conclusion, we demonstrated that human LSECs can form tube-like structures in
vitro. We also showed that AEP can promote LSEC angiogenesis by increasing their
proliferation and migration. This is associated with an increased expression of
angiogenesis markers and pro-angiogenic factors, while reducing their apoptosis. We
anticipate that AEP will provide a potential therapeutic target in patients with liver

fibrosis, which will ultimately reduce the incidence of liver cirrhosis and even HCC.
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Fig. 1. AEP promotes LSEC proliferation and inhibits LSEC apoptosis in vitro. The
effects of AEP on LSEC proliferation and apoptosis were examined using the CCK8
assay and flow cytometry analysis, respectively. A. Down-regulation of AEP in the
AEP-KD1 and AEP-KD2 groups significantly decreased LSEC proliferation. Cell
proliferation abilities are expressed as the mean * standard deviation (SD; n = 5 per
time point) from three independent experiments. B and C. The apoptotic rate of
each group of cells was calculated by counting late apoptosis in the Q2 region and
early apoptotic cells in the Q4 region. Down-regulation of AEP in the AEP-KD1 and
AEP-KD2 groups significantly increased LSECs apoptosis. ***p < 0.001 compared to
NC.
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Fig. 2. AEP promotes LSECs migration ability in vitro. The effect of AEP on LSEC
migration was examined by wound-healing and Transwell assays. A. Representative
images of LSECs in a wound-healing assay (x40 magnification). B. Fewer cells
migrated in the AEP-KD1 and AEP-KD2 groups compared to the NC group. ***p <
0.001. C. Representative images of LSECs in a Transwell assay (x100 magnification).
Migrated cells were stained with May-Grunwald-Giemsa and counted in ten random
fields using a phase-contrast microscope after 24 h incubation in a Transwell
chamber. D. Fewer cells migrated after AEP was down regulated. The relative
numbers of migrated cell are presented as the mean * SD of three independent

experiments. ***p < 0.001, compared to NC.
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Fig. 3. Down-regulation of AEP impedes LSEC surface markers and angiogenic factors
in vitro. A. Representative images of human endothelial cell surface markers CD31,
CD34 and vWF detected by an immunofluorescence assay. B. The number of
CD31+/CD34+/vWF+ cells were reduced after AEP was down regulated (*p < 0.05,
**p < 0.01, ***p < 0.001). C. Representative western blots of CD31, CD34 and vWF.
D and E. The mRNA and protein expression levels of VEGFR2 and IL 8 were reduced
in AEP-KD1 and AEP-KD2 cells (*p < 0.05, **p < 0.01, ***p < 0.001, compared to NC).
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Fig. 4. Down-regulation of AEP inhibits LSECs tube formation in vitro. The effect of
AEP on LSEC tube formation ability was assessed using Matrigel™. A. Representative
photographs of tube formation in cultured LSECs (x100 magnification). B. The
number of branching points, each generating at least three tubules, were counted.
Down-regulation of AEP decreased the total number of branching points compared
with the NC control group (***p < 0.001). Data represent the mean + SD from three

independent experiments.



REVISTA ESPANOLA DE
ENFERMEDADES DIGESTIVAS

The Spanish Journal of Gastroenterology

L
Y
oo
V\O P‘?’ ??/ B
p-PI3K 100 kDa o 257 1 NC
k] 33 AEP-KD1
% 204 E= AEP-KD2 NS
g_“ NS
PI3K 110 kDa 30
o n -
£ 15
s
2 i
p-AKT 60 kDa 5 E 1.0
[
2 0.5-
AKT 60 kDa E
o.o-
Actin 43 kDa e\"’* ?\”*

Fig. 5. AEP regulates LSECs angiogenesis partially through the activation of the
PI3K/Akt signaling pathway. The effect of AEP on the PI3K/Akt signaling pathway was
analyzed by western blot analysis. A. Representative western blots of the PI3K, Akt,
phospho-PI3K and phospho-Akt in LSECs. B. Phospho-PI3K and phospho-Akt were
inhibited after AEP was down regulated. NS: no significant difference. *p < 0.05, **p
< 0.01, compared to NC.
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Fig. 6. Lentiviral infection efficacies in LSECs. A. AEP protein expression levels in AEP-

KD1, AEP-KD2 and NC control LSECs were investigated by western blot analysis. B.
AEP was effectively knocked down by lentiviruses in LSECs. **p < 0.01, compared to

NC.



