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Abstract 

Apolipoprotein E(apoE) has an important role in directing lipid transport from peripheral tissues 
to the liver. Among human apoE isoforms, apoE3 is considered to be atheroprotective. In atheroma, 
macrophages-derived apoE is downregulated under inflammatory conditions. Endothelial cells (ECs), 
an important component of the atherosclerotic plaque, do not produce apoE. We hypothesized that 
apoE conditional induction in ECs improves cholesterol efflux from the plaque, influencing atheroma 
progression. To test our hypothesis, we designed and constructed a transgenic system to induce 
endothelial-specific apoE3 conditional expression in vivo. This system is based on tetracycline 
dependent transcriptional transactivation using the third generation Tet-On3G inducer, driven by the 
endothelial-specific regulatory elements of the angiopoietin receptors (Tek/Tie2) gene. Using this 
binary system, we obtained two transgenes: Tek/Tie2promoter-Tet3G-Tek/Tie2enhancer (Tek-Tet3G) 
and TRE-hapoE3. Tek-Tet3G contains the Tet-On3G gene under control of Tek/Tie2 promoter and 
Tek/Tie2 enhancer, which ensures sustained specific expression of Tet-On3G in ECs. TRE-hapoE3 
contains human apoE3 under the control of a synthetic promoter responsible for triggering gene 
transcription in presence of Doxycycline bound on Tet-On3G activator. This transgenic system, proven 
to be functional in vitro, can be further used in classical transgenesis. Conceptually, similar transgenic 
systems could be used to drive endothelial-specific expression of other proteins.   
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1. Introduction 

Apolipoprotein E (ApoE) is a 34-kDa protein produced and secreted mainly by the liver, 
but also by the brain, spleen, lung, ovary, adrenals, kidney, Kupffer cells, adipocytes, smooth 
muscle cells and macrophages (1-5). As a component of plasma lipoproteins, ApoE takes part 
in directing the transport of lipids from peripheral tissues to the liver, where it mediates the 
uptake of circulating lipoproteins through high affinity binding to LDL receptor (LDLR), but 
also to several other members of LDLR family. 

There are three ApoE isoforms in humans: ApoE2, ApoE3 and ApoE4. Structurally, the three 
isoforms differ only in the nature of amino acid residues in positions 112 and 158: ApoE2 has 
Cys112 and Cys158, ApoE3 contains Cys112 and Arg158, and ApoE4 has Arg112 and Arg158 
(6). This particularity translates in a lower affinity of ApoE2 for its receptor, being considered 
a risk factor for lipid metabolic disorders (7). ApoE4 has been associated with Alzheimer’s 
disease due to a greater avidity for β-amyloid than other ApoE isoforms, as reviewed in (8). 
ApoE3 is considered the atheroprotective isoform, and thus we chose it in our study. 

In atherosclerotic lesions, macrophages represent the main source of ApoE. Specific 
apoE expression in macrophages has anti-atherogenic effects through mechanisms that 
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include excess cholesterol efflux from macrophage-derived foam cells and anti-inflammatory, 
anti-proliferative and immunomodulating properties (9). The endothelium dysfunction is a 
hallmark of atherogenesis. Although endothelial cells (ECs) do not produce ApoE, they 
express receptors of the LDLR family that recognize and bind ApoE. Moreover, ECs 
represent the site of transcytosis (10), facilitating the transport of macromolecules between 
blood and the sub-endothelial space. Considering these functional characteristics of ECs, we 
hypothesized that induction of apoE gene expression in the endothelium might contribute to 
an elevation of ApoE concentration in the atherosclerotic plaque, where ApoE could actively 
participate to cholesterol efflux from lipid-loaded cells found in the atheroma. 

To be able to test our hypothesis, we designed and constructed a transgenic system to 
conditionally induce the endothelium-specific expression of human apoE3 (hapoE3) in vivo. 
This system is based on the principle of transcriptional transactivation dependent on 
tetracycline (11), using the third generation of the Tet-On3G inducer (Clontech). We used this 
binary system to obtain two transgenes: Tek/Tie2promoter-Tet3G-Tek/Tie2enhancer (in 
short, Tek-Tet3G) and TRE-hapoE3. Tek-Tet3G contains the Tet-On3G gene under control of 
Tek/Tie2 (PTek/Tie2) promoter and Tek/Tie2 (ETek/Tie2) enhancer, which ensures a sustained and 
specific expression of Tet-On3G in ECs. The Tek/Tie2 gene encodes the angiopoietins 
receptor, whose expression is restricted to the endothelium. TRE-hapoE3 contains human 
apoE3 (hapoE3) under the control of the synthetic promoter PTRE3G, responsible for triggering 
gene transcription in the presence of Doxycycline (Dox) bound on Tet-On3G activator. Here 
we report the molecular cloning strategy performed to produce these two transgenes and their 
isolation and purification in view of classical transgenesis in mice. 
 
2. Materials and Methods 

2.1. Materials. Fast Digest restriction enzymes and Shrimp Alkaline Phosphatase were 
from ThermoScientific. T4 DNA ligase (Promega) was used for ligation reactions. Klenow 
DNA polymerase needed for filling in was from New England Biolabs. 

2.2. DNA isolation. Murine genomic DNA was isolated from C57BL/6 mouse liver. 
Human genomic DNA was isolated from human THP-1 monocytes (originally from ATTC), 
which have the apoE 3/3 genotype (12) and express hapoE3 upon differentiation with PMA. 
Genomic DNA, plasmid DNA and DNA from agarose gels were isolated using corresponding 
kits from Promega, according to the manufacturer’s instructions. DNA detection in agarose 
gels was achieved by staining with the dye Midori Green (Nippon Genetics Europe, 
Germany). The transgenes were purified after electrophoresis from agarose gels stained with 
Crystal Violet (Sigma) using a kit from Qiagen. DNA concentrations were measured with a 
Nanodrop spectrophotometer (ThermoScientific). 

2.3. Primers design and PCR. Murine PTek/Tie2 (2129 bp) and ETek/Tie2 (1623 bp) 
sequences were amplified by PCR from genomic DNA (annealing at 58°C, 35 cycles), using 
primers containing specific sites for restriction enzymes at the 5’ end, namely MluI and NheI 
for PTek/Tie2, and BamHI and SalI for ETek/Tie2 (Table 1). These restriction sites are located in 
the pGL3-Basic vector at the following positions: 15 (MluI), 21 (NheI) – in the proximity of 
the luciferase gene, 2004 (BamHI), 2010 (SalI) – distal from luciferase. The hapoE3 (3600 
bp) sequence was amplified by PCR from human genomic DNA (annealing 55°C, 40 cycles), 
using primers designed to contain sites specific for HindIII and EcoRV. These enzymes have 
sites at positions 689 and 695, respectively, in the multiple cloning site of the pBluescript SK 
(+) vector (pBSK, Stratagene). The amplified fragments were visualized by 1.5% agarose gels 
electrophoresis, followed by band excision, DNA isolation and purification. 
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Table 1. Primers used in cloning procedures. Mouse (m) and human (h) primers contain restriction sites 

(written in italics) for the enzymes named in the right column. 

Primer Sequence Contains 
mPTek/Tie2  5’- MluI 
mPTek/Tie2  5’-ATCCAgctagcACAGATGAGCATGAGTCCCTG NheI 
mETek/Tie2 5’-TCGggatccAGTATGGCTTCTCAACCTTC BamHI 
mETek/Tie2   5’-CCgtcgacCATTATTGTTTTACTTGGGAGGCTG SalI 
hapoE3 F 5’- HindIII 
hapoE3 R 5’-CCCgatatcGCGTGAAACTTGGTGAATCTTTAT EcoRV 

 
 

2.4. Molecular cloning. Standard molecular cloning procedures (bacterial transformation, 
restriction enzyme digestions, 5’-dephosphorylation, ligation, and filling-in) were performed 
as described in (13). Several expression vectors were used in the different steps of molecular 
cloning: pGL3-Basic (Promega), pBluescript SK (+) (pBSK, Stratagene), pCMVTet3G and 
pTRE3G (Clontech). 

2.5. Cell culture and transient transfections. Cell lines RAW 264.7 murine macrophages, 
HTB-11human astrocytes, BAEC- bovine aortic endothelial cells and BPAEC-bovine 
pulmonary aortic endothelial cells were grown in 1‰ glucose DMEM supplemented with 
10% fetal bovine serum in the presence of antibiotics (100 µg/ml penicillin and 100 µg/ml 
streptomycin), at 37˚C, in a  5% CO2 incubator. Cells were transfected using the calcium 
phosphate method. 

2.6. Western blot. Total cell extracts were solubilized in Laemmli buffer, boiled 
for 10 min., and then protein concentration was determined by Amido Black method. Equal 
amounts of total protein were separated by SDS-PAGE, and blotted onto nitrocellulose 
membrane. Membranes were probed with anti-apoE primary antibody (cat no. 18171, 
Immuno-Biological Laboratories Co. LTD, Japan), HRP-coupled secondary antibodies, and 
detected with Enhanced Chemiluminescence kit (Pierce). Imaging was done by ImageMaster 
VDS (Pharmacia Biotech). 

2.7. Luciferase assay. Luciferase activity in transfected cells was measured with the 
Luciferase Assay System (Promega), according to manufacturer’s instructions. 
 
3. Results 

3.1. Tek/Tie2promoter-Tet3G-Tek/Tie2enhancer plasmid design and cloning. The 
endothelial - specific enhancer ETek/Tie2, the Tet3G transactivator gene and the specific-
endothelial promoter PTek/Tie2 were cloned into pGL3-basic expression vector (Promega) 
successively, in order to obtain the Tek/Tie2promoter-Tet3G-Tek/Tie2enhancer plasmid, as 
schematically presented in Fig. 1. 

3.1.1. Amplification of PTek/Tie2 and ETek/Tie2 sequences from genomic DNA. PTek/Tie2 
and ETek/Tie2 sequences were amplified from murine genomic DNA, using primers designed to 
add 5' MluI and 3' NheI restriction sites to PTek/Tie2, and 5' BamHI and 3' SalI restriction sites 
to ETek/Tie2. After PCR amplification and digestion with the corresponding restriction enzymes, 
PTek/Tie2 (2129 bp) and ETek/Tie2 (1623 bp) fragments were separated by electrophoresis (Fig. 
2A, left panel) and purified. 
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Figure 1. Schematic representation of the cloning strategy for obtaining the pGL3- Tek/Tie2promoter-
Tet3G-Tek/Tie2enhancer plasmid (Tek-Tet3G) containing the Dox-inducible TetOn gene under the 
control of the endothelial-specific regulatory elements Tek/Tie2enhancer and Tek/Tie2 promoter. 
ETek/Tie2, Tet3G-polyA gene and PTek/Tie2 were successively cloned into the pGL3-Basic vector. 
 

3.1.2. Cloning of PTek/Tie2 and of ETek/Tie2 in pGL3-Basic vector. The PTek/Tie2 fragment 
purified after PCR was digested with MluI and NheI and the 2117 bp insert was cloned into 
pGL3-Basic to obtain the plasmid pGL3-Tek/Tie2promoter (Fig. 2A, middle panel). The 
ETek/Tie2 fragment digested with BamHI and SaII was cloned into corresponding pGL3-Basic 
cloning sites to obtain the pGL3-Tek/Tie2enhacer plasmid. After bacterial transformation, 
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positive colonies were selected by enzymatic digestion with MluI and NheI for PTek/Tie2, or 
BamHI and SaII for ETek/Tie2 (Fig 2A). 

3.1.3. Cloning Tet3G-polyA in the pGL3-Tek/Tie2enhancer plasmid. The trans-
activator Tet3G gene, with its SV40 polyA tail (1232 bp) was excised from the pCMV-Tet3G 
plasmid, by digestion with EcoRI and HindIII (Fig. 2B, left panel). The resulting fragments 
were separated by agarose gel electrophoresis and the DNA corresponding to Tet3G-polyA 
was isolated and purified. In order to obtain the pGL3-Tet3G-Tek/Tie2enhancer plasmid, 
Tet3G-polyA was cloned in SmaI and HpaI sites located at positions 28 and 1902, 
respectively, in the pGL3-Tek/Tie2enhancer plasmid (Fig. 1). Because HpaI cuts PTek/Tie2, 
Tet3G-polyA was cloned in the pGL3-Tek/Tie2enhancer plasmid, and PTek/Tie2 was 
subsequently subcloned in the pGL3-Tet3G-Tek/Tie2enhancer plasmid. Before cloning, the 
cohesive ends of Tet3G-polyA fragment, formed after EcoRI and HindIII digestion, were 
filled in with Klenow DNA polymerase, in order to insert the Tet3G-polyA fragment into the 
blunt-ended, SmaI/HpaI digested pGL3-Tek/Tie2enhancer vector.  

When pGL3-Tek/Tie2enhancer plasmid was digested with SmaI and HpaI, two fragments 
of 1874bp and 4554bp were obtained. The Tet3G-polyA fragment containing blunt ends was 
ligated into the dephosphorylated vector of 4554bp. Plasmid DNA was isolated from the 
transformed bacterial colonies, and tested by digestion with BamHI (Fig. 2B, right panel). Because 
BamHI cuts twice inside pGL3-Tet3G-Tek/Tie2enhancer (once inside Tet3G-polyA at position 
791 and once at position 1362), in the case of positive colonies, the enzymatic digestion 
generated two fragments of 572bp and 5214bp for sense Tet3G-polyA orientation. In colonies 
having plasmids with antisense Tet3G-polyA integration, BamHI cuts at position 498 and at 
position 1362, generating two fragments of 865 bp and 4921 bp (Fig. 2B, right panel). 

3.1.4. Subcloning of PTek/Tie2 in the pGL3-Tet3G-Tek/Tie2enhancer plasmid. PTek/Tie2 
was subcloned in pGL3-Tet3G-Tek/Tie2enhancer to obtain the pGL3-Tek/Tie2promoter-
Tet3G-Tek/Tie2enhancer plasmid that contained the Tek/Tie2promoter-Tet3G-
Tek/Tie2enhancer (in short, Tek-Tet3G) transgene (Fig. 1). For this, PTek/Tie2 was cut out from 
pGL3-Tek/Tie2promoter using MluI and NheI (Fig. 2C, left panel). The pGL3-Tet3G-
Tek/Tie2enhancer plasmid was also digested using the same two enzymes as the insert and 
then dephosphorylated. After ligation, plasmids isolated from transformed bacterial colonies 
were tested by digestion with MluI and NheI, obtaining two fragments of 2117bp and 5780bp 
in the case of positive colonies (Fig. 2C, right panel). 

 
3.2. Investigation of specific endothelial functionality of the PTek/Tie2 and ETek/Tie2 

constructs. In order to test the functionality of PTek/Tie2 alone or in combination with its 
enhancer (PTek/Tie2 and ETek/Tie2), we constructed a plasmid containing both elements (Fig. 3A). 
Considering the fact that BamHI, used for cloning the enhancer, cuts inside the promoter 
sequence, we subcloned the PTek/Tie2 fragment into the pGL3-Tek/Tie2enhancer plasmid, and 
not vice versa. PTek/Tie2 (2117 bp) was cut from pGL3-Tek/Tie2promoter using MluI and NheI 
and ligated into the pGL3-Tek/Tie2enhacer plasmid previously digested with the same 
enzymes, to obtain the pGL3-Tek/Tie2promoter-Tek/Tie2enhancer plasmid. We verified the 
result of the cloning step by multiple digestion with BamHI, SalI, MluI and NheI (Fig. 3A). 

To test the functionality of the plasmids pGL3-Tek/Tie2promoter and pGL3-
Tek/Tie2promoter-Tek/Tie2enhancer, we performed transient transfection experiments in 
three cell types: RAW 264.7 murine macrophages, HTB-11 human tumor astrocytes and 
bovine pulmonary aortic endothelial cells (BPAECs). Cells were transfected with one of the 
two plasmids containing PTek/Tie2 alone or in the presence of its enhancer and the luciferase  
activity driven by the endothelial-specific regulatory elements Tek/Tie2promoter and 
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Figure 2. Molecular cloning stages for generation of the pGL3-Tek/Tie2promoter-Tet3G-
Tek/Tie2enhancer plasmid. (A) PTek/Tie2 (2117 bp) and ETek/Tie2 (1616 bp) were amplified by PCR from 
mouse genomic DNA and cloned in pGL3-Basic vector (left panel: a, respectively b). Schematic 
representations of pGL3-Tek/Tie2promoter and pGL3-Tek/Tie2enhacer plasmids are shown in the 
middle panels. Restriction sites for enzymes used for cloning PTek/Tie2 and ETek/Tie2 are highlighted in red 
and blue, respectively. Selection of PTek/Tie2 and ETek/Tie2 positive colonies was done by enzymatic digestion 
(right panels). (B) Tet3G-polyA gene (1232 bp) was cut out from pCMV-Tet3G (left panel) and cloned 
into the pGL3-Tek/Tie2enhancer plasmid, obtaining the plasmid pGL3-Tet3G-Tek/Tie2enhancer 
(middle panel). The correct orientation was tested with BamHI, when the sense orientation gave a 
characteristic band of 572 bp, while antisense orientation gave a band of 865 bp. Positive colonies are 
also linearized with SmaI, which cuts within the insert (C) PTek/Tie2 was cut out from the plasmid 
pGL3-Tek/Tie2promoter (left panel) and inserted between MluI and NheI sites of the plasmid pGL3-
Tet3G-Tek/Tie2enhancer, obtaining the plasmid pGL3-Tek/Tie2promoter-Tet3G-Tek/Tie2enhancer, 
in short Tek-Tet3G (middle panel). Positive colonies having the plasmid of interest gave a specific 
band of 2117 bp, absent in negative colonies (right panel). Positive colonies were noted with „+” and 
negative colonies with „-”. 
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Tek/Tie2enhancer was measured. Our results illustrated in Fig 3B showed that the endothelial 
PTek/Tie2 was activated only in BPAECs, demonstrating the functionality of the cloned 
promoter, as well as its cell type specificity. In addition, our data showed the capacity of the 
endothelial ETek/Tie2 to specifically increase the activity of PTek/Tie2 with a 1.8 fold in BPAECs 
transfected with the pGL3-Tek/Tie2promoter-Tek/Tie2enhancer plasmid. As expected, 
PTek/Tie2 was not active in non-ECs, such as RAW 264.7 or HTB-11; moreover, ETek/Tie2 had no 
effect on the promoter activity in these cells (Fig. 3B). 
 

3.3. pTRE3G-hapoE3 plasmid design and cloning. The general cloning scheme used 
for generating the pTRE3G-hapoE3 plasmid is shown in Fig. 4. 

3.3.1. Human hapoE3 gene amplification. The hapoE3 gene was amplified by PCR, 
using as template human genomic DNA isolated from THP-1 cells and primers designed to 
introduce in the resulting amplicon a 5' HindIII restriction site and a 3' EcoRV restriction site. 
Following agarose electrophoresis, the corresponding gel band (3600 bp) was used for DNA 
isolation and purification (Fig. 5A, right panel). 

3.3.2. Cloning of hapoE3 in pBSK. The hapoE3 gene was cloned in pBSK vector to 
obtain the pBSK-hapoE3 plasmid (Fig. 5A, middle panel). The hapoE3 fragment and pBSK 
vector were digested with HindIII and EcoRV restriction enzymes, and after ligation and 
bacterial transformation, twelve colonies were selected for plasmid DNA isolation and tested 
by enzymatic digestion with SmaI and EcoRI restriction enzymes. Considering that SmaI cuts 
at position 713 inside the vector and at position 561 inside the insert, and EcoRI cuts at 
position 701 inside the vector and at position 2312 inside the insert, we were able to detect 3 
fragments of 1294 bp, 1751bp and 3495 bp (Fig. 5A, left panel). The 12 bp EcoRI/SmaI 
fragment is not detectable given its small size. 

3.3.3. Cloning of hapoE3 in pTRE3G to obtain the pTRE3G-hapoE3 plasmid. For 
cloning in pTRE3G vector, the pBSK-hapoE3 plasmid was subjected to multiple digestion 
with SalI, EcoRV and ScaI, in order to obtain the 3615 bp hapoE3 fragment (Fig. 5B, left 
panel). Analysis of the pBSK-hapoE3 plasmid sequence predicted that digestion with SalI and 
EcoRV would release two fragments, one of 3615 bp, corresponding to the hapoE3 gene, and 
one of 2952 bp. Due to their similar size, an accurate excision from the agarose gel of the 
band corresponding to the hapoE3 insert would have been difficult. Thus, we chose to use 
ScaI, which cuts pBSK-hapoE3 plasmid at position 6118, along with SalI and EcoRV to 
obtain three fragments of different sizes: 3615 bp, 1829 bp and 1108 bp. The hapoE3 
fragment (3615 bp) was separated by agarose gel electrophoresis and the corresponding band 
excised for subsequent DNA isolation and purification (Fig. 5B, left panel). The insert was 
ligated into the pTRE3G vector digested with SalI and EcoRV. Positive colonies were tested 
by multiple digestion with SalI, EcoRV and XbaI (Fig. 5B, right panel). 

 
3.4. In vitro testing of constructs functionality. The ability of the constructs to 

conditionally induce the specific endothelial expression of hapoE3 gene was tested by  
co-transfection in BAEC, PBAEC and HTB-11 cell lines, using a combination of the plasmids 
obtained, as follows: (i) pGL3-Tek/Tie2promoter-Tet3G-Tek/Tie2enhancer (Tek-Tet3G) and 
pTRE3G-hapoE3; (ii) pGL3-Tet3G-Tek/Tie2enhancer and pTRE3G-hapoE3, used as 
negative control, since PTek/Tie2 is missing. The day following co-transfection, the cells were 
incubated for 24h with medium supplemented or not with Dox (1 µg/ml) and the protein 
expression of hapoE3 was assessed by Western Blot. 
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Figure 3. Construction and functional testing of pGL3-Tek/Tie2promoter and pGL3-
Tek/Tie2promoter-Tek/Tie2enhancer plasmids. (A) Schematic representation of PTek/Tie2 subcloning 
into the pGL3-Tek/Tie2enhancer plasmid, also containing the luciferase gene (shown in purple). 
Multiple digestion with BamHI, SalI, MluI and NheI for positive colonies (+) result in five fragments: 
SalI/MluI (2823 bp), NheI/BamHI (1983 bp), BamHI/NheI (504 bp), MluI/BamHI (1613 bp), 
BamHI/SalI (1616 bp); note that the last two could not be resolved by agarose gel electrophoresis, due 
to their similar size. (B) Transient transfection experiments in different cell types using the plasmids 
pGL3-Tek/Tie2promoter (-2100Tie) and pGL3-Tek/Tie2promoter-Tek/Tie2enhancer (-2100/enhTie) 
showed the endothelial specificity of the constructs able to drive the luciferase gene only in BPAEC.  
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Figure 4. Schematic representation of hapoE3 cloning strategy in pTRE3G, to obtain the plasmid 
pTRE3G-hapoE3. Human apoE3 was cloned into pBSK and then cut out and subcloned into pTRE3G 
vector to generate the pTRE3G-hapoE3 plasmid. Sites for the restriction enzymes used are indicated in 
green. 
 

The results demonstrated that co-transfection of BAEC and BPAEC cells with the 
plasmids Tek-Tet3G and pTRE3G-hapoE3 induced hapoE3 protein expression only when 
cells were incubated with medium supplemented with Dox (Fig. 6A). However, under the 
same experimental conditions, HTB-11 cells did not express hapoE3. These results 
demonstrated the functionality of the two transgenes, as well as their specific endothelial 
expression conferred by endothelial PTek/Tie2 and ETek/Tie2. 
 

3.5. Isolation of Tek/Tie2promoter-Tet3G-Tek/Tie2enhancer and TRE-hapoE3 
transgenes. The Tek-Tet3G transgene (5200 bp) was obtained from the pGL3-
Tek/Tie2promoter-Tet3G-Tek/Tie2enhancer plasmid by enzymatic digestion with Eco47III 
and MluI. The TRE-hapoE3 transgene (5523 bp) was obtained from the pTRE3G-hapoE3 
plasmid by enzymatic digestion with ScaI and SapI, as illustrated in Fig. 6C. After 
electrophoresis, the bands corresponding to the transgenes Tek-Tet3G and TRE-hapoE3 were 
excised from the agarose gel stained with Crystal Violet, and DNA was isolated and purified. 
 
4. Discussions 

Apolipoprotein E (apoE), a glycoprotein of 34 kDa, is a major component of the 
lipoprotein transport system playing important roles in lipid metabolism, since it associates 
with chylomicrons remnants, VLDL, LDL and HDL (9). Deficiency in apoE results in 
atherosclerosis in humans as well as in animal models (14-18). ApoE knockout mice 
represent the best characterized model for experimental atherosclerosis. Previous studies 
showed that the systemic increase of apoE expression can lead to hypertriglyceridemia (19, 
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20), and thus the gene therapy applications to correct remnant removal disorders are 
compromised. Tissue-specific induced apoE expression may represent another way to avoid 
side effects of high levels of systemic apoE expression. Until present, there are few data in the 
literature concerning experimental trials to increase apoE expression in specific tissues. 
Delivery of an adenoviral apoE expression vector to the muscle did not produce significant 
effect on atherogenesis (21, 22). 

 

 
Figure 5. Molecular cloning stages for generation of the pTRE3G-hapoE3 plasmid. (A) Human apoE3 
gene sequence (3600 bp) was amplified by PCR (left panel) and cloned in pBSK vector to obtain the 
pBSK-hapoE3 plasmid (middle panel). Restriction sites for SmaI and EcoRI are indicated in purple. 
Digestion of the plasmid with these enzymes gave three characteristic bands of 1294 bp, 1751bp and 
3495 bp (right panel). (B) Human apoE3 (3615 bp) was released from the pBSK-hapoE3 plasmid by 
multiple digestion with  SalI, EcoRV and ScaI and purification from agarose gel after electrophoresis, 
when it was well separated from the smaller 1829 and 1108 bp fragments. Restriction sites within the 
pBSK-hapoE3 plasmid are indicated in purple. From the three resulting fragments, the band of 3615 
bp corresponds to the hapoE3 insert, while the others of 1829 bp and 1108 bp represent the vector cut 
in two smaller pieces (left panel). Then, hapoE3 was cloned in pTRE3G vector in SalI, EcoRV sites 
(shown in purple) and the plasmid pTRE3G-hapoE3 was obtained (middle panel). After ligation and 
bacterial transformation, the positive colonies were identified by multiple digestion with SalI, EcoRV 
and XbaI, obtaining four fragments of 3615, 2455, 852 and 91 bp (right panel). Positive colonies were 
noted with “+”, negative colonies with “-”, and “c” is uncut plasmid. 
 
 

In the current scientific literature there is a small number of reports about targeting the 
ECs molecular expression for atherosclerotic treatment, none of them referring to 
apolipoproteins expression (endogenous or induced) in aortic ECs or in the endothelium of 
other large vessels. One single paper reported that human apoE3 expressing ECs isolated 
from the murine embryonic yolk sac were embedded in Matrigel and injected intradermally in 
the lower abdomen of apoE deficient mice, where they formed ‘mini-organs’; the results 
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showed that apoE secreted from the grafted mini-organs led to cholesterol decrease and 
atherosclerotic aortic plaques reduction (23). This delivery platform may be potentially suited 
for atherosclerosis treatment, but can also have dangerous side effects due to the tumorigenic 
potential of the proliferating ECs. 

 
Figure 6. Transgenic expression system and assessment of its functionality. (A) ApoE detection in 
cells co-transfected with the plasmid encoding for TRE3G-hapoE and the  plasmid containing either 
(PTek/Tie2 + ETek/Tie2 ) (lanes 1 and 2) or ETek/Tie2 (lanes 3 and 4), treated or not with Dox. (B) Schematic 
representations of Tek-Tet3G and TRE-hapoE3 transgenes isolation from corresponding plasmids are 
shown; sites for enzymes used for excision are indicated in red. (C) Electrophoretic migration of the 
transgenes isolated from 10µg plasmids digested with corresponding enzymes (illustrated in red in 
‘B’). The agarose gel was stained with Crystal Violet. 

 
Several mutant murine lines expressing human apoE2, apoE3 or apoE4 specifically in the 

brain represent suitable models to study the function of human apoE isoforms in the central 
nervous system and their contribution to the pathology of Alzheimer’s disease. In these cases, 
the specific expression of apoE isoforms in the brain was achieved by placing the human apoE 
isoform under the control of the human GFAP (glial fibrillary acidic protein) promoter (24).  

Here we report the cloning strategy employed to construct two transgenes intended to be 
used in a new double-transgenic murine model with inducible hapoE3 expression specifically 
in the endothelium. 

In our case, to achieve endothelial-tissue specific expression of hapoE3, we chose the 
murine Tek/Tie2 promoter that has been used successfully in the past for the creation of 
transgenic mice with endothelial-specific transgene expression (25). The available literature 
suggests that the promoter of the angiopoietin receptor Tek/Tie2 gene is among the most 
effective in its ability to selectively direct expression of exogenous genes in the majority of 
ECs in vivo (26-28). Tek expression can be detected in early embryonic ECs and persists 
throughout vascular development (26, 28). 
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For the conditional expression of the human apoE3 transgene, we have used a binary 
system initially described and developed by Gossen and Bujard (11, 29). In order to generate 
the transgenes for inducing apoE expression specifically in the endothelium of mice, we used 
the “tetracycline-on” (Tet-on) regulatory system, in which a modified form of the reverse 
tetracycline transactivator protein (rtTA) is overexpressed under an endothelial cell-selective 
promoter (Tek/Tie2). In the presence of the exogenous tetracycline derivative Dox, this rtTA 
positively modulates the transcription of the co-expressed transgene hapoE3 placed under the 
control of tetracycline-response element (TRE). In our system, the tissue-selective promoter 
PTek/Tie2 provided regional selectivity and addition of exogenous Dox provided temporal 
control. We tested the efficiency and cell specificity of this system in BAEC, BPAEC and 
HTB-11 cells transfected with the two plasmids containing the transgenes, following up the 
induction of hapoE3 expression by Dox. As expected, hapoE3 was successfully induced in 
ECs, but not in astrocytes. This transgenic system tested in vitro for its functionality can be 
further used in classical transgenesis. 

Applying the same concept, similar dual transgenic systems could be used to drive 
endothelial specific expression of other proteins. This will allow investigation of the effects of 
various endothelium-expressed proteins, for an extended range of diseases, related to vascular 
pathologies. 
 
5. Conclusions 

We designed and constructed a transgenic system to induce endothelial-specific apoE3 
conditional expression in vivo. This system proven to be active and endothelial specific in 
vitro, can be further used to obtain transgenic animals for studying the role and function of 
endothelial-derived apoE3 in the plaque development and progression. Conceptually, similar 
transgenic systems could be used to drive endothelial specific expression of other proteins. 
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