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Abstract

Coronary artery disease (CAD) is the leading cause of death worldwide. GWAS have identified
>50 genomic loci for CAD, including ADTRPand MIA3/TANGOI. However, it is important to
determine whether the GWAS genes form a molecular network. In this study, we have uncovered a
novel molecular network between ADTRP and MIA3/TANGOI for the pathogenesis of CAD. We
showed that knockdown of ADTRP expression markedly down-regulated expression of MIA3/
TANGOI. Mechanistically, ADTRP positively regulates expression of P/IK3R3encoding the
regulatory subunit 3 of PI3K, which leads to activation of AKT, resulting in up-regulation of
MIA3/TANGOI. Both ADTRPand MIA3/TANGO1 are involved in endothelial cell (EC)
functions relevant to atherosclerosis. Knockdown of ADTRP expression by siRNA promoted
oxidized-LDL-mediated monocyte adhesion to ECs and transendothelial migration of monocytes,
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inhibited EC proliferation and migration, and increased apoptosis, which was reversed by
expression of constitutively active AKT1 and M/IA3/TANGOI overexpression, while the over-
expression of ADTRPin ECs blunted these processes. Knockdown of MIA3/TANGO1 expression
also promoted monocyte adhesion to ECs and transendothelial migration of monocytes, and vice
versa for overexpression of MIA3/TANGO1. We found that ADTRP negatively regulates the
levels of collagen VII and ApoB in HepG2 and endothelial cells, which are downstream regulatory
targets of MIA3/TANGOI. In conclusion, we have uncovered a novel molecular signaling pathway
for the pathogenesis of CAD, which involves a novel gene-gene regulatory network. We show that
ADTRP positively regulates PIK3R3 expression, which leads to activation of AKT and up-
regulation of MIA3/TANGOI, thereby regulating endothelial cell functions directly relevant to
atherosclerosis.
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ntroduction

Coronary artery disease (CAD) is the leading cause of death worldwide. CAD is caused by
atherosclerosis in the wall of coronary arteries, a pathogenic process initiated by the binding
of blood monocytes to the endothelium activated by oxidized LDL cholesterol and other
inflammatory molecules [1]. The adherent monocytes then migrate across the endothelium,
move into the intima area and become macrophages. After uptake of modified lipoprotein
particles, the macrophages are transformed into foam cells, forming an early atherosclerotic
lesion and starting plaque build-up [1]. The proliferation of vascular smooth muscle cells
and migration to the lesion area, degradation of the arterial extracellular matrix (collagens),
and deposit of degraded products and apoptotic cell debris make the plaque grow. The
inflammatory process or another insult can lead to the disruption of the endothelial barrier,
leading to plaque fissure, erosion, or frank rupture, which are accompanied by tissue factor
release, platelet activation, thrombosis and myocardial infarction (MI) [1].

GWAS have identified >50 genomic variants or loci associated with CAD and MI. The first
GWAS for CAD and Ml in the Chinese population using the GenelD database identified an
intronic single nucleotide polymorphism (SNP) rs6903956 in the Céorf105 gene (now
referred to as ADTRP) that increases risk of CAD and MI and is associated with decreased
expression of ADTRP[2]. The association was replicated by other groups [3-6]. ADTRP
encodes an Androgen-Dependent TFPI-Regulating Protein, a cell surface protein with six
transmembrane domains. The ADTRP protein was found to be co-localized with CAV1 in
the caveolae on the cell surface and to positively regulate the expression of TFPI in
endothelial cells (ECs), resulting in inhibition of FXa involved in coagulation and
thrombosis [7]. ADTRPwas later found to be expressed in human macrophages and
atherosclerotic lesions, and regulated by the transcription factor Peroxisome Proliferator-
Activated Receptor (PPAR)y [8].
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GWAS also revealed another significant CAD risk variant, SNP rs17465637 in an intron of
the MIA3/TANGOI gene encoding ARNT or TANGO1[9]. We replicated the finding in an
American Gene Bank Caucasian population [10] and a Chinese GenelD population [11]. A
large meta-analysis with 7263 CAD patients and 8347 controls combined from five Asian
populations also identified significant association between SNP rs17465637 and CAD and
MI [11]. The MIA3/TANGOL1 protein was found to be involved in export of collagen VII
and ApoB from the endoplasmic reticulum (ER) to the Golgi apparatus and secretion of
collagens I, 11, 111, 1V, VII, and IX [12-14], which may be associated with atherosclerosis
and M1 [15].

In this study, we investigated the molecular mechanism by which ADTRP regulates
endothelial cell phenotypes related to atherosclerosis and found that AD7RP positively
regulates expression of MIA3/TANGOI by activating the AKT signaling pathway. These
new data identify a novel biological pathway involving a novel gene-gene regulatory
network for the pathogenesis of CAD.

2. Materials and methods

2.1. Plasmids and siRNAs

An expression plasmid for ADTRP, pPCDNAS3.1(-)-ADTRP, was constructed as described
previously [16]. The full-length cDNA for AK71 (NC_000014.9; EntrezGenelD207;
Ensembl: ENSG00000142208) was obtained by RT-PCR analysis using RNA samples
isolated from HUVECSs. The PCR product was digested with £coR/and BamHI (TAKAKA,
Japan) and sub-cloned into the multiple cloning site of pPCDNA3.1(-), resulting in an
expression plasmid for AK71, pPCDNA3.1(-)-AKT1. The cDNA for constitutively active
myristoylated human AKTI (myrAKT1, 1,443 bp, 480 aa) was then obtained by PCR
analysis using pCDNA3.1(-)-AKT1 as template and primers F-EcoR/ (5 -
CCGGAATTCTGGGTAGCAACAAGAGCAAGCCCAAGGATGCCAGCCAGCGGATGA
GCGACGTGGCTATTGTGAA-3") containing the Src myristoylation sequence (underlined)
and R-BamH/ (5’ -CGCGGATCCTCAGGCCGTGCCGCTGGC-3"). The PCR product was
digested with £coR/and BamH/ (TaKaRa Biotechnology Co., Ltd, Dalian, Liaoning, China)
and subcloned into the multiple cloning site of eukaryotic expression vector pcDNA3.1(-),
resulting in pcDNA3.1(-)-hmyrAKT1.

The expression plasmids for MIA3/TANGO1, pcDNA3.1(+)-TANGO1-HA, were as
described previously [12, 14, 17-20] and kindly provided by Dr. Vivaek Malhotra and
colleagues.

Small interfering RNA (siRNA) specific for human ADTRP (ADTRPsiRNA), human
MIA3/TANGOI1 (MIA3/TANGOI siRNA) and negative control siRNA (NC siRNA) were
purchased from Genepharma (Suzhou, China). The sequences of siRNAs are: ADTRP
siRNA: 5"-GGAUCCUCUUUCUCUACAATT-3'/5"-
UUGUAGAGAAAGAGGAUCCTT-3; Negative control (NC) siRNA: 5’-
UUCUCCGAACGUGUCACGUTT-3'/5"-ACGUGACACGUUCGGAGAATT-3"; MIA3/
TANGOI siRNA: 5 -GGUGAAGUCUGAAUGCCAUTT-3'/5’-
AUGGCAUUCAGACUUCACCTT-3"; PIK3R3siRNA: 5~
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GGACUUGCUUUAUGGGAAA dTdT-3/5"-UUUCCCAUAAAGCAAGUCC dTdT-3';
AKTI1siRNA: 5"-GUGGACCACUGUCAUCGAA dTdT-3'/5"-
UUCGAUGACAGUGGUCCAC dTdT-3".

2.2. Cell culture and transfection

HepG2 cells, primary human umbilical vein endothelial cells (HUVECSs) and EAhy926
endothelial cells were from ATCC (American Type Culture Collection, USA), Pricells
(Wuhan, Hubei, China) and Shanghai Institute of Biochemistry and Cell Biology of SIBCB
(Shanghai, China), respectively. Cells were maintained, cultured, and transfected with
SiRNA (80 nM) and plasmid DNA (2 ug) as described [21, 22]. Transfection of siRNA and
plasmid DNA into EAhy926 cells was carried out using the Fu GENE® HD Transfection
Reagent (Promega, Madison, Wisconsin, USA). Transfection of siRNA and plasmid DNA
into other cells was performed using Lipofectamine® RNAi MAX and Lipofectamine®2000,
respectively. For transfection of endothelial cells with plasmid DNA, the efficiency was too
low for HUVECs and therefore the study was performed for EAhy926 endothelial cells only.

2.3. Expression analysis

Quantitative real-time reverse-transcription PCR (qRT-PCR) analysis was performed as
described by us [23, 24]. All gRT-PCR reactions were run in triplicate and each experiment
was repeated at least three times. The primer sequences used for gRT-PCR are as follows:

ADTRP Forward: 5'-GCCGCATCCTATGGCTCTACTTTG-3’
ADTRPReverse: 5’ -CAAGTAGGTAGATGCTGGCGATGA-3’
MIA3/TANGOI Forward: 5 -TACAAGCGGAGAATTGAAGAAATGG-3’
MIA3/TANGOI Reverse: 5'-GCCAGTTTTCATGAGCTTTCTTCT-3’
GAPDH Forward: 5"-ATGGGGAAGGTGAAGGTCG-3’

GAPDH Reverse: 5" -GGGGTCATTGATGGCAACAATA-3’
PIK3R3Forward: 5'-ATGTACAATACGGTGTGGAGTATG-3’
PIK3R3Reverse: 5 -GCTGGAGGATCCATTTCAAT-3’

AKTI1Forward: 5-CGGGACCTCAAGCTGGAGAACCTC-3’
AKTIReverse: 5'-CCAGCACCTCGGGGGCCAG-3.

Western blot analysis was carried out as described [25, 26]. The primary antibodies used for
Western blotting analysis include a rabbit polyclonal antibody against ADTRP (Céorf105)
(1:800 dilution; Sigma, MO, USA), two rabbit polyclonal antibodies against total AKT and
phosphorylated AKT (1:1000; Cell Signaling Technology, MA, USA), a rabbit polyclonal
antibody against MIA3/TANGOL1 (1:500; Santa Cruz Biotechnology(Dallas, Texas, USA), a
rabbit polyclonal antibody against GAPDH (1:1000; Cell Signaling Technology, MA, USA),
a mouse monoclonal antibody against a-tubulin (1:5000; Merck Millipore, a part of Merck
KGaA, Darmstadt, Germany), a rabbit polyclonal antibody against p-actin (1:1000; Cell
Signaling Technology, MA, USA), a polyclonal anti-goat antibody against ApoB (1:1000,
Abcam, MA, USA), and a rabbit polyclonal antibody collagen V11 antibody (1:500, Abcam,
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MA, USA). The secondary antibodies were either FITC labeled rabbit anti-goat antibody
and goat anti-rabbit antibody (Thermo Fisher Scientific).

Immunostaining analysis was carried out for collagen VII and ApoB as described [14]. The
primary antibodies were a polyclonal anti-goat antibody against ApoB (1:300) and a rabbit
polyclonal antibody collagen VII antibody (1:200, Abcam, MA, USA). The secondary
antibodies were either FITC labeled rabbit anti-goat antibody and goat anti-rabbit antibody
(Thermo Fisher Scientific, Waltham, MA USA). The immunostaining signals were detected
using Olympus 81 F\V1000.

2.4. Characterization of endothelial cell functions and phenotypes

An assay for monocyte adhesion to ECs was carried out as described [27]. In brief,
EAhy926 endothelial cells were transfected with siRNA or/and plasmid DNA, seeded at a
density of 8x104 cells/well in 6-well plates, grown to fully confluent and stimulated with
oxidized LDL (0.8 mg/ml ox-LDL, Yesen, Shanghai, China) for 6 h. Human HL-60
promyelocytic leukemia cells were cultured in Roswell Park Memorial Institute 1640 media
supplemented with 20% fetal bovine serum (FBS, Gibco, Life Technologies, CA, USA),
fluorescently labeled with Calcein AM (Fanbo, Beijing, China) for 60 min at 37°C, and
seeded into each well coated with endothelial cells. After 1 h, the media were removed and
fluorescent intensity was measured in each of the 6 wells with a standard fluorometer with
an inverse microscope (Nikon, The Tokyo metropolitan, Japan). The fluorescent units in
each well (exit: 490 nm, emission: 515 nm) was determined and analyzed using Image Pro
Plus6.0 software (Media Cybernetics, Bethesda, MD, USA) to measure the number of
HL-60 cells adhered to EAhy926 endothelial cells. Each experiment was repeated at least
three times.

Transmigration of monocytes across endothelial cells was analyzed as described [27]. In
brief, HL-60 cells (3x10°) were pipetted into 0.4 um pore chambers (Corning) within a
Boyden chamber, which were coated or plated with EAhy926 ECs transfected with sSiRNA
or plasmid DNA. Twenty-four hours after the transfection, cells were then stimulated for 6 h
with 0.25 pg of ox-LDL. The HL-60 cells migrated to the bottom of the chamber were
counted from the bottom chamber 24 h after their administration under an Olympus 81
FV1000 microscope. Each experiment was repeated at least three times.

A cell proliferation assay was carried out using Cell Counting Kit-8 (Dojindo, Kumamoto,
Japan) as described [16, 27]. Each experiment was repeated at least three times.

Cell cycle analysis was performed with flow cytometry using Beckman Coulter Cytomics
FC 500 (Beckman Coulter, CA, USA) as described [16, 27]. Each experiment was repeated
at least three times.

An apoptosis assay was carried out with an Annexin V-FITC apoptosis analysis kit (SUN
GENE Biotech, Tianjin, China) using Beckman Coulter Cytomics FC 500 as described [16,
27]. Each experiment was repeated at least three times.

A scratch-based cell migration assay was carried out as described [16, 27]. Each experiment
was repeated at least three times.
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A matrigel-based endothelial tube formation assay for angiogenesis was carried out as
described [16, 25-27]. Each experiment was repeated at least three times.

2.5. Statistical analysis

3. Results

Each experiment was repeated at least three times. For descriptive analysis, quantitative data
were presented as mean + standard error of the mean (SEM). In the functional studies, the
means between two groups and among three or more groups were compared by a two-tailed
Student’s #test and ANOVA, respectively, as implemented in SPSS version16.0 software
(SPSS, Chicago, IL, USA). Statistical significance was considered at a Pvalue of <0.05.

3.1. ADTRP positively regulates expression of MIA3/TANGO1

We performed a global gene expression analysis using microarrays with knockdown of
ADTRP expression in HepG2 cells using siRNA [16] and found that one of the candidate
downstream genes of ADTRPis MIA3/TANGOI1, a CAD susceptibility gene identified by
GWAS [9, 11]. Using an independent set of HepG2 cells transfected with ADTRPsiRNA
and negative control siRNA (NC siRNA), we confirmed that sSiRNA knockdown of ADTRP
expression by 80% reduced the expression level of MIA3/TANGO1 by 75% (A<0.0001; Fig.
1A). Similar real-time RT-PCR analysis using human umbilical vascular endothelial cells
(HUVECS) also revealed that siRNA knockdown of ADTRP expression by 70% reduced the
expression level of MIA3/TANGO1 by 67% (£<0.0001; Fig. 1B).

Overexpression of ADTRPin HepG2 cells by transient transfection of an expression
plasmid for ADTRP (vs. empty vector control) by 56-fold also dramatically increased the
expression level of MIA3/TANGO1 by 31-fold (£<0.001; Fig. 1C). Similar real-time RT-
PCR analysis using endothelial cells (EAhy926) also revealed that overexpression of
ADTRP by 32-fold increased the expression level of MIA3/TANGO1 by 9-fold (£<0.001;
Fig. 1D).

Western blot analysis using HepG2 cell extracts revealed that knockdown of ADTRP
expression by siRNA significantly reduced the expression level of MIA3/TANGO1
(P<0.001; Fig. 1E and 1F). Similar results were obtained using ECs (/<0.01; Fig. 1G and
1H).

3.2. ADTRP positively regulates expression of MIA3/TANGO1 by positive regulation of

PIK3R3 and

activation of AKT

Because ADTRP is a plasma membrane protein, we hypothesized that ADTRP exerted its
effect on gene expression by a signal transduction pathway. Therefore, we examined the list
of ADTRP downstream genes with a potential role in cellular signaling from a microarray
gene expression analysis previously reported [16]. We identified P/K3R3as an interesting
candidate as it encodes the regulatory subunit 3 of PI3K involved in the PI3K-AKT
signaling pathway [16]. Independent real-time RT-PCR studies confirmed that ADTRP
indeed positively regulated the expression level of P/IK3R3in both HepG2 cells and ECs
[16]. Because PIK3R3 is a key regulatory subunit of PI3K that activates AKT, we
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determined whether PIK3R3 knockdown affects phosphorylation of AKT. Compared with
HepG2 cells transfected with NC-siRNA, cells transfected with P/K3R3 siRNA showed a
significantly reduced level of AKT phosphorylation (/£<0.001; Fig. 2D, 2E). Similar results
were obtained from EAhy926 ECs (/<0.001; Fig. 2F, 2G). On the other hand, PIK3R3
siRNA did not affect the expression levels of total AKT protein (Fig. 2D-2G) or AKT1
MRNA (Fig. 2A-2C) in EAhy926 cells, HUVECs or HepG2 cells.

We then determined whether PIK3R3 regulates the expression level of MIA3/TANGOL.
Interestingly, PIK3R3siRNA significantly reduced the expression level of MIA3/TANGO1
in all three cell lines tested, including EAhy926 cells, HUVECs or HepG2 cells (Fig. 2H-
2J).

Based on the above data, we hypothesized that ADTRP regulates the expression level of
MIA3/TANGOI1 by mediating activation of AKT. In EAhy926 ECs, ADTRP siRNA reduced
the phosphorylation level of AKT by 2.9 fold (P<0.001; Fig.3A and 3B), whereas
overexpression of ADTRP increased the level of AKT activation by 2.7 fold (£<0.001, Fig.
3A and 3B). In HepG2 cells, ADTRPsiRNA reduced the phosphorylation level of AKT by
2.9 fold (P<0.001; Fig. 3C and 3D), whereas overexpression of ADTRPincreased the level
of AKT activation by 3.2 fold (/<0.001, Fig. 3C and 3D).

The regulation of MIA3/TANGO1 expression by AKT was further confirmed by
experiments with knockdown of AKT1 expression by siRNA or overexpression of a
constitutively active myristoylated human AKT1 (myrAKT1). Real-time RT-PCR analysis
showed that AKT1 siRNA reduced its own expression by 3.0 and 3.3 fold (/<0.001, Fig. 4A
and 4B) and the expression level of MIA3/TANGO1 by 2.0 fold (£<0.001, Fig. 4A and 4B)
in HUVECs and EAhy926¢ells, respectively. Overexpression of myrAKT1 by 3.8 fold
increased the expression level of MIA3/TANGO1 by 2.0 fold in EAhy926 cells (P<0.001,
Fig. 4C). Similar results were obtained from HepG2 cells (Fig. S1).

Western blot analysis showed that the expression level of the MIA3/TANGO1 protein was
reduced by 2.0 fold when AK71 was knockdown (/<0.001, Fig. 4D and 4E), but increased
by 4.0 fold with overexpression of constitutively active AKTs in EAhy926 cell (A<0.001,
Fig. 4D and 4E). Similar results were obtained in HepG2 cells (Fig. S1).

To further show that ADTRPregulates MIA3/TANGO1 expression through the AKT
signaling pathway, we co-expressed myrAKTI together with ADTRPSIRNA in EAhy926
cells and found that overexpression of myrAKTI can restore the decreased MIA3/TANGO1
expression by ADTRPSIRNA (Fig. 4F and 4G). Similar results were obtained with HepG2
cells (Fig. S1). Furthermore, we tested the effect of LY294002, a PI3K inhibitor that inhibits
AKT activation, on upregulation of MIA3/TANGO1 by ADTRP. As shown in Fig. 4H and
41, overexpression of ADTRPincreased MIA3/TANGOL1 expression by 3.0 fold, but the
effect was eliminated by LY294002. Similar results were obtained in HepG2 (Fig. S1). All
these data indicate that ADTRP regulates expression of MIA3/TANGO1 by the AKT
signaling pathway.
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3.3. ADTRP and MIA3/TANGO1 regulate endothelial cell phenotypes relevant to
atherosclerosis

To identify the molecular and cellular mechanisms by which ADTRP regulates
atherosclerosis and CAD, we investigated monocyte adhesion to the endothelium (a layer of
ECs), the first event involved in the initiation of atherosclerosis, and trans-endothelial
migration of monocytes, a key step in atherosclerosis [27]. EAhy926 ECs transfected with
ADTRPsIRNA and stimulated with oxidized-LDL (ox-LDL) showed adhesion of a
significantly increased number of HL-60 cells compared with NC siRNA (~<0.0001; Fig.
5A, 5E). Overexpression of ADTRPin EAhy926 cells significantly decreased monocyte
adhesion to EAhy926 cells after stimulation of ox-LDL (/<0.0001; Fig. 5A, 5F). Little
monocyte adhesion to EAhy926 cells was detected in the absence of ox-LDL (Fig. 5B, 5D).

Overexpression of myrAK T in EAhy926 cells significantly decreased HL-60 cell adhesion
to EAhy926 cells (A<0.0001, compare NC siRNA and NC siRNA+ AKT; Fig. 5A, 5C, 5E).
Overexpression of myrAKT also eliminated the stimulating effect of ADTRPSIRNA on
HL-60 cell adhesion to EAhy926 cells (Fig. 5A, 5C, 5E). Overexpression of both ADTRP
and myrAKT further reduced the decreased level of HL-60 cell adhesion to EAhy926 cells
from the levels of either overexpression of ADTRP or myrAKT (Fig. 5A, 5C, 5F).

EAhy926 ECs transfected with MIA3/TANGO1 siRNA and stimulated with ox-LDL
showed adhesion of a significantly increased number of HL-60 cells compared with NC
SiRNA (£<0.0001; Fig. 5A, 5G). However, no effect was observed for overexpression of
ADTRP on the stimulating function of M/A3/TANGO1 siRNA on monocyte adhesion (Fig.
5C, 5G), consistent with our finding that ADTRPis upstream of MIA3/TANGOL.

EAhy926 ECs transfected with an expression plasmid for M/A3/TANGO1 and stimulated
with ox-LDL showed significantly reduced adhesion to HL-60 cells compared with cells
transfected with an empty vector (£<0.0001; Fig. 5H, 5G). Overexpression of ADTRP
significantly reduced ox-LDL-induced adhesion of HL60 cells to EAhy926 ECs as
compared with control vector, and the effect was further enhanced by overexpression of
MIA3/TAGO! (Fig. 5H, 5F). ADTRP siRNA significantly increased ox-LDL-induced
adhesion of HL60 cells to EAhy926 ECs as compared with NC siRNA, however, the effect
was abolished by overexpression of MIA3/TANGOI (Fig. 5H, 5E), suggesting that M/A3/
TANGO acts downstream of ADTRP.

For transmigration of HL-60 cells across the layer of EAhy926 cells stimulated with ox-
LDL, ADTRP siRNA significantly increased the transmigration (Fig. 6A), whereas
overexpression of ADTRPin EAhy926 cells inhibited the transmigration (Fig. 6B).
Overexpression of myrAKT eliminated the increased transmigration by ADTRPSIRNA,
however, this effect was eliminated by PI3K inhibitor LY294002 (Fig. 6A). Overexpression
of ADTRP and overexpression of myrAKT had an additive effect on inhibition of the
transmigration, but the additive effect was eliminated by LY294002 (Fig. 6B).

MIA3/TANGO1 knockdown by siRNA in EAhy926 cells significantly increased the
transmigration of HL-60 cells across the layer of EAhy926 cells stimulated with ox-LDL
(P=0.0003, Fig. 6C). However, overexpression of ADTRPin EAhy926 cells did not have
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any effect on the inhibitory effect of MIA3/TANGO1 siRNA on the transmigration (Fig.
6C), which is consistent with our finding that ADTRP acts upstream of MIA3/TANGOI.

MIA3/TANGOI overexpression by transient transfection with an expression plasmid for
MIA3/TANGOI1 vs. an empty vector in EAhy926 cells significantly reduced transmigration
of HL-60 cells across the layer of EAhy926 cells stimulated with ox-LDL (/<0.0001; Fig.
6E). Overexpression of ADTRP in EAhy926 cells significantly reduced transmigration of
HL-60 cells across the layer of EAhy926 cells stimulated with ox-LDL as compared with
vector control, which was further reduced by co-expression of both MIA3/TANGO1 and
ADTRP (P=0.0047; Fig. 6E). ADTRP siRNA significantly increased ox-LDL-induced
transmigration of HL60 cells across EAhy926 ECs as compared with NC siRNA, however,
the effect was abolished by overexpression of MIA3/TANGOL (Fig. 6D), suggesting that
MIA3/TANGO acts downstream of ADTRP.

3.4. Effects of ADTRP and MIA3/TANGO1 knockdown or overexpression on other
endothelial cell phenotypes

We previously showed that ADTRP regulated EC proliferation, apoptosis and migration
[16]. As ADTRP exerts its effect through the AKT pathway, we studied the relationship
between ADTRPand AKT in these cellular processes. ADTRP siRNA inhibited EAhy926
cell proliferation, however, overexpression of myrAKT increased EC proliferation and
partially rescued the effect of ADTRPSIRNA at 24 hr, 48 hr and 72 hr after transfection
(Fig. 7A). Overexpression of either ADTRP or myrAKT increased EC proliferation, and
overexpression of both genes further increased EC proliferation at all three tested time points
(Fig. 7B). ADTRPsiRNA inhibited EAhy926 cell proliferation, however, overexpression of
MIA3/TANGOLI partially rescued the effect of ADTRPSIRNA at 24 hr, 48 hr and 72 hr after
transfection (Fig. 7C). Overexpression of either ADTRP or MIA3/TANGO1 significantly
increased EC proliferation, and overexpression of both genes further increased EC
proliferation at all three tested time points (Fig. 7D). Similar findings were made for the
number of cells at the S phase during cell cycle progression (Fig. 8) and EC migration (Fig.
9 and Fig. S2, S3).

ADTRP siRNA significantly increased the rate of apoptosis of EAhy926 cells, but
overexpression of either myrAKT or MIA3/TANGO!I restored apoptosis to the basal level
(Fig. 10A, 10B, 10E, 10F). Overexpression of either ADTRP, myrAKT or MIA3/TANGO1
inhibited basal level apoptosis of EAhy926 cells, and overexpression of both AD7RPand
myrAKT genes or both ADTRPand MIA3/TANGOI genes further reduced apoptosis (Fig.
10C, 10D, 10G, 10H). Similar results were obtained with HepG2 cells (Fig. S4, S5).

We further studied the capillary tube formation by EAhy926 cells. ADTRP siRNA inhibited
capillary tube formation by EAhy926 cells, however, overexpression of myrAKT increased
EC tube formation and rescued the effect of ADTRPSIRNA (Fig. 11A-11D, 11K). The
rescue effect of myrAKTon ADTRP siRNA was eliminated by PI3K inhibitor LY294002
(Fig. 11E, 11K). Overexpression of either ADTRP or myrAKT increased EC tube formation,
and overexpression of both genes further increased EC tube formation (Fig. 11F-I, 11L).
The stimulating effect of ADTRPand myrAKT on EC tube formation was eliminated by
LY294002 (Fig. 11J, 11L). ADTRPsiRNA inhibited capillary tube formation by EAhy926
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cells, however, overexpression of MIA3/TANGOI partially rescued the effect of ADTRP
SiRNA (Fig. 11M-11P, 11U). Overexpression of either ADTRP or MIA3/TANGO1
increased EC tube formation, and overexpression of both genes further increased EC tube
formation (Fig. 11Q-11T, 11V).

3.5. Effects of ADTRP and MIA3/TANGO1 knockdown or overexpression on expression of
collagen VIl and ApoB

MIA3/TANGOL is an endoplasmic reticulum transmembrane protein required for ER exit
and secretion of large molecular such as collagen VII and ApoB [14]. To further validate the
finding that ADTRP regulates expression of MIA3/TANGOI, we performed
immunostaining analysis with an anti-collagen VI antibody or an anti-ApoB antibody in
cells with knockdown or overexpression of ADTRP. Knockdown of ADTRP expression by
siRNA significantly increased intracellular accumulation of collagen VII or ApoB in all
three cell types analyzed (HepG2, Hela, and HUVECS) (Fig. S6A-B, E-I and Fig. STA-B,
E-I). On the other hand, overexpression of ADTRP significantly decreased intracellular
accumulation of collagen VII or ApoB (Fig. S6C-D, J and Fig. S7C-D, J).

We also used Western blot analysis to demonstrate that AD7RP negatively regulates the
expression levels of collagen VII and ApoB in HepG2 and Eahy926 cells (Fig. 12).
Knockdown of ADTRP expression by ADTRP siRNA significantly increased the expression
level of collagen VII in HepG2 cells (Fig. 12A, 12B) and EAhy926 cells (Fig. 12C, 12D) as
compared with NC siRNA. Knockdown of ADTRP expression by ADTRPSiRNA
significantly increased the expression level of ApoB in HepG2 cells (Fig. 12E, 12F) and
EAhy926 cells (Fig. 12G, 12H) as compared with NC siRNA.

Altogether, our data uncovered a novel molecular signaling pathway that regulates the
susceptibility to CAD and MI, mainly consisting of ADTRP, PIK3R3, AKT, MIA3/
TANGOL1 and collagen VII/ApoB (Fig. 13).

4. Discussion

In this study, we identified a molecular signaling pathway by which CAD susceptibility gene
ADTRPfunctions in endothelial cellular processes relevant to atherosclerosis. ADTRPwas
previously referred to as Céorf105. In the First GWAS for CAD in the Chinese Han
population, we found that a genomic variant in intron 1 of ADTRP (SNP rs6903956) showed
significantly increased risk of CAD and M1 [2]. Using global gene expression profiling and
follow-up real-time RT-PCR and Western blot analyses, we have demonstrated that ADTRP
positively regulates the expression of another CAD gene identified by GWAS, the MIA3/
TANGOI gene (Fig. 1). Both ADTRPand MIA3/TANGOI are important susceptibility
genes for CAD and M1 in the Chinese population [2, 11]. We further demonstrated that
ADTRP positively regulated the expression of MIA3/TANGOI by positively regulating
expression of the PIK3R3 gene, which leads to activation of AKT and upregulation of
MIA3/TANGOI (Figs. 2-4). Both ADTRPand MIA3/TANGO1 regulate monocyte
adhesion to endothelial cells (Fig. 6) and transmigration of monocytes across endothelial cell
layers (Fig. 5), two key processes required for the initiation of atherosclerosis. In sum, our
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data identified a novel pathway involving ADTRP-PIK3R3-AKT activation-MIA3/TANGO1
for the development of abnormal EC functions relevant to atherosclerosis and CAD.

Lupu et al reported that ADTRP expression was positively correlated with the expression
level of TFPI (tissue factor pathway inhibitor) [7], which inhibits the activity of tissue factor
FXa, coagulation and thrombosis. Reduced ADTRP expression by SNP rs6903956 may
increase risk of MI by decreasing TFPI expression and increasing FXa activity and
coagulation. Increased coagulation by reduced ADTRP expression may increase the risk of
thrombosis and M, but this hypothesis remains to be tested in the future. In this study, our
data instead suggest that ADTRP may increase risk of CAD and MI by affecting the
functions of ECs that are directly relevant to development of atherosclerosis. We found that
reduced ADTRP expression increased ox-LDL-mediated monocyte adhesion to ECs, the
first step involved in the initiation of atherosclerosis, and increased transendothelial
migration of monocytes, another critical step in development of atherosclerosis (Fig. 5 and
Fig. 6). Moreover, ADTRP positively regulates expression of MIA3/TANGOI (Fig. 1).
Therefore, ADTRP may increase risk of CAD and MI by regulating the expression of the
MIA3/TANGOI1 gene. MIA3/TANGO1 was initially found to be required for export of
collagen VII from the ER [12]. Later, studies with MIA3/TANGO1 knockout mice showed
that it is required for secretion of not only collagen VII, but also collagens I, 11, 111, 1V, and
IX [13]. Fibrillar collagens are important components of atherosclerotic lesions. Excessive
collagen accumulation may lead to stenosis of coronary arteries, whereas an inadequate
amount of collagens may weaken plaques and cause plaque rupture, leading to MI.
Fraccarollo et al showed association between decreased collagen gene expression and
enhanced infarct expansion in a rat Ml model [15]. Kong et al showed that the expression
level of collagen 111 was decreased in aortic punch tissue samples from coronary artery
bypass graft surgery from patients with acute MI [28].

Santos et al recently showed that MIA3/TANGO1 was required for the export of ApoB from
the ER [14]. Because ADTRP regulates the expression level of MIA3/TANGO1, we
examined the effect of AD7RPknockdown on the level of ApoB in cells. Interestingly,
compared with NC siRNA, ADTRP siRNA significantly increased the level of ApoB in both
HepG2 and Eahy926 cells (Fig. 12). ApoB is involved in transporting proatherogenic
cholesterol particles (very low-density lipoprotein or VLDL, intermediate-density
lipoprotein and LDL particles) [14]. The serum level of ApoB was considered to be a better
predictive marker for the presence and severity of CAD and future outcomes than
conventional lipid markers such as LDL-cholesterol levels [14]. Therefore, ADTRP variant
may also increase risk of CAD and MI by regulating the cell level of ApoB.

In summary, here we have identified a novel biological pathway for the pathogenesis of
CAD, which consists of ADTRP-PIK3R3AKT activation-MIA3/TANGOL. The pathway is
involved in monocyte adhesion to endothelial cells, transendothelial migration of monocytes,
and other endothelial functions such as cell proliferation, migration, cell cycle regulation,
apoptosis and endothelial tube formation.
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Highlights
1. CAD susceptibility gene ADTRP positively regulates the expression level of
another CAD susceptibility gene MIA3/TANGOL.

2. Both ADTRPand MIA3/TANGOLI regulate endothelial cell phenotypes
relevant to atherosclerosis, but ADTRP acts upstream of MIA3/TANGOL.

3. ADTRP positively regulates MIA3/TANGOI expression by positive
regulation of P/K3R3, followed by activation of AKT.

4, ADTRPregulates the levels of large proteins such as collagen VIl and ApoB
in HepG2 and EAhy926 endothelial cells, the downstream targets of MIA3/
TANGOL1.
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Fig. 1.

M%A3/TANGOJ is a downstream target gene regulated by ADTRP. (A) Real-time RT-PCR
analysis for the expression levels of ADTRPand MIA3/TANGOI in HepG2 cells
transfected with ADTRP siRNA or negative control (NC) siRNA. (B) Similar analysis as in
(A) but in HUVECs. (C) Real-time RT-PCR analysis for expression of ADTRPand MIA3/
TANGOLI in HepG2 cells transfected with an expression plasmid for ADTRP or empty
vector control. (D) Similar analysis as in (C) but in EAhy926 endothelial cells. (E) Western
blot analysis for expression of MIA3/TANGO1 with knockdown of ADTRP expression with
ADTRP siRNA (NC siRNA as control) or overexpression of AD7TRPin HepG2 cells. a-
tubulin was used as loading control. (F) Summary data from Western blot analysis as shown
in (E). (G) Similar analysis as in (E) but in EAhy926 endothelial cells. (H) Summary data
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from Western blot analysis as shown in (G). Each experiment was repeated at least three
times. **, £<0.01; ***, £<0.001.
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Fig. 2.

A??TRP downstream gene P/K3R3regulates AKT phosphorylation and MIA3/TANGO1
expression. (A) Real-time RT-PCR analysis for the expression levels of PIK3R3and AKT1
in EAhy926 cells transfected with P/K3R3 siRNA (NC siRNA as control). (B) Similar
analysis as in (A) but in HUVECs. (C) Similar analysis as in (A) but in HepG2 cells. (D)
Western blot analysis for the expression levels of total AKT protein and phosphorylated
AKT (P-AKT) after PIK3R3was knocked down by siRNA in HepG2 cells. GAPDH was
used as loading control. (E) The ratio of P-AKT over total-AKT from Western blot images
as in (D) was plotted. (F) Similar analysis as in (D) but in EAhy926 endothelial cells. (G)
Summary data from Western blot analysis as shown in (F). (H) Real-time RT-PCR analysis
for the expression levels of PIK3R3and MIA3/TANGO1 in EAhy926 cells transfected with
PIK3R3sIRNA (NC siRNA as control). (1) Similar analysis as in (H) but in HUVECs. (J)
Similar analysis as in (H) but in HepG2 cells. Each experiment was repeated at least three
times. ***, £<0.001; NS, not significant.
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Fig. 3.

A??TRP regulates the phosphorylation level of AKT. (A) Western blot analysis for the
expression levels of total AKT and phosphorylated AKT (P-AKT) after AD7RPwas
knocked down by siRNA (vs. NC siRNA) or overexpressed (ADTRP vs. vector) in EAhy926
cells. B-actin was used as loading control. (B) The ratio of P-AKT over total AKT from
Western blot images as in (A) was plotted. (C) Similar analysis as in (A) but in HepG2 cells.
(D) Summary data from Western blot analysis as shown in (C). Each experiment was
repeated at least three times. ***, £<0.001.
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Fig. 4.

A??TRP regulates MIA3/TANGOI expression through the AKT signaling pathway. (A)
Real-time RT-PCR analysis showing that knockdown of AK71 expression by siRNA (NC
SiRNA as control) reduced MIA3/TANGOI expression in HUVEC cells. (B) Real-time RT-
PCR analysis showing that knockdown of AK71 expression by siRNA (NC siRNA as
control) reduced MIA3/TANGO1 expression in EAhy926 cells. (C) Real-time RT-PCR
analysis showing that overexpression of myrAKT1 by transfection of a myrAKT1
expression plasmid (vector as control) increased MIA3/TANGO1 expression in EAhy926
cells. (D) Western blot analysis showing that knockdown of AK71 expression by siRNA
reduced MIA3/TANGO1 expression and overexpression of myrAKTI increased MIA3/
TANGOL1 expression in EAhy926 cells. (E) Summary data from Western blot analysis as
shown in (D). (F) Western blot analysis showing that reduced MIA3/TANGOL1 expression by
ADTRPsiRNA was partially rescued by co-expression of myrAKT1. (G) Summary data
from Western blot analysis as shown in (F). (H) Western blot analysis showing that
increased expression of MIA3/TANGO1 by ADTRP overexpression was blocked by PI3K
inhibitor LY 294002 (20uM) in EAhy926 cell. (I) Summary data from Western blot analysis
as shown in (H). Each experiment was repeated at least three times. *, £<0.05; **, /<0.01;
**% P<0.001.
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Fig. 5.

A??TRP regulates ox-LDL-mediated monocyte adhesion to endothelial cells (ECs) by
mediating activation of AKT. (A) Representative images for analysis of monocyte adhesion
to ECs (EAhy926 cells) stimulated by ox-LDL for ADTRPSIRNA vs. NC siRNA, ADTRP
expression plasmid vs. vector, MIA3siRNA vs. NC siRNA. (B) Similar analyses as in (A)
but with EAhy926 cells without ox-LDL stimulation. (C) Similar analyses as in (A) for
ADTRP sIRNA in the presence of hmyrAKT1 vs. NC siRNA in the presence of hmyrAKT1,
ADTRP in the presence of hmyrAKTL1 vs. vector in the presence of hmyrAKT1, MIA3
SiRNA in the presence of ADTRPvs. NC siRNA in the presence of ADTRP. (D) Similar
analyses as in (C) but with EAhy926 cells without ox-LDL stimulation. (E, F, G) Summary
data from experiments as shown in (A-I). Each experiment was repeated at least three times.
(H) Similar analyses as in (A) for ADTRPsiRNA vs. NC siRNA with overexpression of
MIA3/TANGO1, ADTRP expression plasmid vs. vector control with overexpression of
MIA3/TANGOI, and MIA3/TANGOI expression plasmid vs. vector in EAhy926 cells with
ox-LDL stimulation. (I) Similar analyses as in (H) but in EAhy926 cells without ox-LDL
stimulation. NS, not significant.
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Fig. 6.

A?DTRP regulates ox-LDL-mediated transmigration of monocytes across a layer of ECs by
mediating activation of AKT. (A) Analysis of transmigration of monocytes across ox-LDL-
treated EAhy926 cells for ADTRPSiRNA vs. NC siRNA, ADTRPsiRNA in the presence of
hmyrAKT1 vs. NC siRNA in the presence of hmyrAKT1, ADTRPsIRNA in the presence of
hmyrAKT1 and LY294002. (B) Analysis of transmigration of monocytes across ox-LDL-
treated EAhy926 cells for ADTRP vs. vector, ADTRP in the presence of hmyrAKT1 vs.
vector in the presence of hmyrAKT1, ADTRP in the presence of hmyrAKT21and LY?294002.
(C) Analysis of transmigration of monocytes across ox-LDL-treated EAhy926 cells for
MIA3/TANGO1 siRNA vs. NC siRNA, MIA3/TANGOI siRNA in the presence of ADTRP
vs. NC siRNA in the presence of ADTRP. Each experiment was repeated at least three times.
(D) Analysis of transmigration of HL60 monocytes across ox-LDL-treated EAhy926 cells
transfected with ADTRP siRNA vs. NC siRNA, and ADTRPsiRNA in the presence of
MIA3/TANGO1 vs. NC siRNA in the presence of MIA3/TANGOL. (E) Analysis of
transmigration of HL60 monocytes across ox-LDL-treated EAhy926 cells transfected with
ADTRP expression plasmid vs. vector control, ADTRP overexpression in the presence of
MIA3/TANGOI expression plasmid vs. vector control, and MIA3/TANGO1 expression
plasmid vs. vector control. NS, not significant.

Biochim Biophys Acta. Author manuscript; available in PMC 2018 June 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Luo et al.

Page 23

EAhy926 B EAl926
a i . 3

w I

Cell proliferation{OD 450)
Cell proliferation(OD 450)

—
A

Cell proliferation(OD 450)
Cell proliferation(OD 450)

Fig. 7.
Effect of AKT on ADTRP-MIA3/TANGO1 regulation on cell proliferation. EAhy926 cells

were transfected with different sSiRNA or expression plasmids, cultured for 24 hr, 48 hr and
72 hr, and used for measuring the number of living cells using the CCKS8 kit. (A) Cell
proliferation analysis for knockdown of ADTRPin the presence or absence of myrAKT. (B)
Cell proliferation analysis for overexpression of ADTRP in the presence or absence of
myrAKT. Each experiment was repeated at least three times. (C) Cell proliferation analysis
for knockdown of ADTRP in the presence or absence of MIA3/TANGO1 overexpression.
(D) Cell proliferation analysis for overexpression of ADTRP in the presence or absence of
MIA3/TANGOI overexpression. *, £<0.05; **, £<0.01; ***, P<0.001.

Biochim Biophys Acta. Author manuscript; available in PMC 2018 June 01.



1duosnuepy Joyiny 1duosnuely Joyiny 1duosnuey Joyiny

1duosnue Joyiny

Luo et al.

1’\

NCHRNA  ADTRP 6BNA  NCSRNA-AKT ADTRP sfNAAKT

2 i " |
5| eIl waati- § scatisnT || sciti
- e _l'-.s sy R

3 Qs Bscanrn [ scasen

an

S phase cells (%)

N RNA  ADTRP6RNA  NCRNA+AKT ADTEP sRNA-AKT

-.uu-n.-{ SCAG] ;ul' GG A5 :'i AL

s aselh? rlt“.!:‘ § ws=27
|l‘u.:\h :unil-.(,r.\l-ln! sGIIT [ wGanes
1
I: | 'I |
I\ | o 1h | AL
A

s da s B4

IN U ™ 4N W a~ N AN
DNA content

F EAhy926 o
4D DO%y
34.00%
3.0t
14.00%
20.00%%
15.000%%

1000

S phase cells (%)

S00%%

0,004

C

Victer ADTEF Vector-AKT  ADTRP-AKT

g [Caci=ss scati-w n£1 GG 80 frcrci-us
- WE=ILT s T | as=108 et
_|'-(-: M-Il4 1";6! M=208 N sl2ni-100 !'d..: =18
| | | 7
,| 1 I ] ’ |
| N | 1...*1

3
k]
1
©
2
|
B
Ed
g
C]
Vector ADTRP  VeclorsAKT  ADTRP-AKT
i ! |
i [eGhGIS I SGHGISAT I SCOGISSSS | SCati-4a8
S| finens Hosons  fosses pr—

1 1
w2104 [ eI M=11 T 1-«.:\1 14 Jscani-lat

| |

H EAhy926

4000 "=e
35.00%
UL )
15000
20.00%

15.00%

S phase cells(%s)

10.00%

S.00%

[T

Biochim Biophys Acta. Author manuscript; available in PMC 2018 June 01.

Page 24



1duosnue Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Luo et al.

Page 25

Mell G220 3l sGomeg hoGue el | G20 )l stznea 43
| 1 | | | |

& A I ( | ,

s A ) I b e M. H | Y
N e ANA | Ao A"a | W

m an N ™ N " N N ™ an ™ AN ™ ] ™ N

DNA comtent
- !

T hepc2 = ’ HepG2

|
|
- DNA Conmesst
0.00%
— AS0%
40.00%
FET
30.00%
24,000

S phase cells (%

)
g

phase cells(%
zEz 8
13233

S phase cells (%)

5
53

Fig. 8.

Ef%ect of AKTor MIA3/TANGO1 on ADTRPregulation of cell cycle progression. (A)
Representative flow cytometry data showing the cell number at the S phase of cell cycle for
knockdown of ADTRP in the presence or absence of myrAKTin HepG2 cells. (B)
Summary data from experiments as shown in (A). (C) Representative flow cytometry data
showing the cell number at the S phase of cell cycle for overexpression of ADTRPin the
presence or absence of myrAKTin HepG2 cells. (D) Summary data from experiments as
shown in (C). (E, F, G, H) Similar to A, B, C, and D, respectively, but in EAhy926 cells. (1)
Representative flow cytometry data showing the cell number at the S phase of cell cycle for
knockdown of ADTRP in the presence or absence of MIA3/TANGO1 overexpression in
HepG2 cells. (J) Summary data from experiments as shown in (I). (K) Representative flow
cytometry data showing the cell number at the S phase of cell cycle for overexpression of
ADTRPin the presence or absence of MIA3/TANGOI overexpression in HepG2 cells. (L)
Summary data from experiments as shown in (K). (M, N, O, P) Similar to I, J, K, and L,
respectively, but in EAhy926 cells. Each experiment was repeated at least three times. ***,
£<0.001.
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Fig. 9.

E19fect of AKT or MIA3/TANGO1 on ADTRP regulation of cell migration. (A, B, C, D)
Representative images for scratch-based cell migration analysis for EAhy926 cells with
different treatments for ADTRPand myrAKT. (E) Summary data from (A-D) for cell
migration analysis for knockdown of ADTRPin the presence or absence of myrAKT. (F)
Summary data from (A-D) for cell migration analysis for overexpression of ADTRP in the
presence or absence of myrAKT. (G-J) Representative images for scratch-based cell
migration analysis for EAhy926 cells with different treatments for ADTRPand MIA3/
TANGOLI. (K) Summary data from (G-J) for cell migration analysis for knockdown of
ADTRPin the presence or absence of MIA3/TANGOI overexpression. (L) Summary data
from (G-J) for cell migration analysis for overexpression of ADTRPin the presence or
absence of MIA3/TANGO1 overexpression. Each experiment was repeated at least three
times. *, £<0.05; **, £<0.01.
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Fig. 10.
(1) Effect of AKTand MIA3/TANGO1 on ADTRPregulation of apoptosis. (A)

Representative flow cytometry images for analysis of apoptosis for AD7RPSIRNA vs. NC
SiIRNA, and ADTRPSIRNA in the presence of hmyrAKT1vs. NC siRNA in the presence of
hmyrAKT1 in EAhy926 cells. (B) Summary data from experiments as shown in (A). (C)
Representative flow cytometry images for analysis of apoptosis for EAhy926 cells
transfected with pcDNA3.1(-)-ADTRP vs. cells transfected with empty vector
pcDNA3.1(-), and pcDNA3.1(-)-ADTRP together with pcDNA3.1(-)-myrAKT1 vs.
pcDNAS3.1(-) together with pcDNA3.1(-)-myrAKTL1. (D) Summary data from experiments
as shown in (C). (E) Representative flow cytometry images for analysis of apoptosis for
ADTRPSIRNA vs. NC siRNA, and ADTRPSIRNA in the presence of MIA3/TANGO1
overexpression vs. NC siRNA in the presence of MIA3/TANGOI overexpression in
EAhy926 cells. (F) Summary data from experiments as shown in (A). (G) Representative
flow cytometry images for analysis of apoptosis for EAhy926 cells transfected with
pcDNA3.1(-)-ADTRP vs. cells transfected with empty vector pcDNA3.1(-), and
pcDNA3.1(-)-ADTRP together with pcDNA3.1(+)-MIA3/TANGO1 vs. pcDNA3.1(+)
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together with pcDNA3.1(+)-MIA3/TANGOL1. (H) Summary data from experiments as
shown in (C). Each experiment was repeated at least three times. *, /<0.05; **, £<0.01; ***,
£<0.001.

Biochim Biophys Acta. Author manuscript; available in PMC 2018 June 01.



1duosnuepy Joyiny 1duosnuely Joyiny 1duosnuepy Joyiny

1duosnuely Joyiny

Luo et al.

Page 31

S
-

NC siRNA

2
l

ADTRP siRNA__ &

ANvemas
EVINI0RY,

SiRNA+TAKT o NC siRNA+AKT

LAV+ddLay =
EVIW-ddlay =

ADTRP
ADTRP siRNA+MIAS oy NCsiRNA+MIAS ©  ADTRPsiRNA 2
LS TR = =

+LY2I94002
COOFGIATINY =
LY

ADTRP siRNA +
AKT
. mmenwBl

Fig. 11.
ADTRP regulates EC capillary tube formation through the AKT signaling pathway and

MIA3/TANGOI. (A-J) Representative images for capillary tube formation by EAhy926
cells with different treatments for ADTRPand AKT. (K) Summary data from experiments
as shown in (A-E) for capillary tube formation in EAhy926 cells with knockdown of
ADTRPand effects of myrAKT and LY294002. (L) Summary data from experiments as
shown in (F-J) for capillary tube formation in EAhy926 cells with overexpression of
ADTRP and effects of myrAKTand LY294002. (M-T) Representative images for capillary
tube formation by EAhy926 cells with different treatments for ADTRPand MIA3/
TANGOI. (U) Summary data from experiments as shown in (M-P) for capillary tube
formation in EAhy926 cells with knockdown of ADTRP with or without overexpression of
MIA3/TANGOI. (V) Summary data from experiments as shown in (Q-T) for capillary tube
formation in EAhy926 cells with overexpression of ADTRP, MIA3/TANGOI, or both. Each
experiment was repeated at least three times. **, A<0.01; ***, £<0.001.
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Fig. 12.
ADTRP regulates Collagen VII/and ApoB expression. (A) Western blot analysis showing

increased Collagen VI/ expression after ADTRP knockdown by siRNA in HepG2 cell. (B)
Summary data from Western blot analysis as shown in (A). (C) Western blot analysis
showing increased Collagen VI/ expression after ADTRP knockdown by siRNA in
EAhy926 cell. (D) Summary data from Western blot analysis as shown in (C). (E) Western
blot analysis showing increased ApoB expression after ADTRP knockdown by siRNA in
HepG2 cell. (F) Summary data from Western blot analysis as shown in (E). (G) Western blot
analysis showing increased ApoB expression after ADTRP knockdown by siRNA in
EAhy926 cell. (H) Summary data from Western blot analysis as shown in (E).
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Fig. 13.
Schematic diagram for the ADTRP signaling pathway.
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