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Atherosclerosis, a chronic inflammatory disease, is counted as one of the deadliest cardiovascular diseases. Lectin-
like oxidized LDL receptor-1 (LOX-1) is the major receptor of the oxidized LDL and the inhibition of LOX-1 can 
prevent atherosclerosis. The study aimed to predict the epitope of the human LOX-1 protein, to construct the DNA 
LOX-1 vaccine, and to analyze its expression in the mammalian cell line (HeLa). LOX-1 epitopes were predicted by 
NetMHC 4.0 Server, NetCTLPan 1.1 Server, PickPocket 1.0 Server, and NetMHC Stab 1.0 Server tools.  Plasmids 
contain LOX-1 epitope were transformed into Escherichia coli DH5α. The correct clone carrying LOX-1 epitope was 
verified by sequencing analysis. Subsequently, plasmids were transfected into HeLa cells using lipotransfection 
method. The mRNA expression was analyzed using qRT-PCR and the protein expression was analyzed using 
Western blot method. From epitopes prediction tools, human LOX-1 contains two epitopes, FLYSPWWCLAAATLGV 
and WLWEDGSPLMPHLFRV. Both genes and protein level expression analyses result showed that the LOX-1 mRNA 
expression in the transfected HeLa cells were higher compared to that in the non-transfected HeLa cells. Our 
results suggest that pcDNA3.1-LOX-1 is an atherosclerosis DNA vaccine candidate which is recognized in the 
mammalian cell expression system. 
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Introduction 
 
Atherosclerosis is one of the cardiovascular 
disease that cause fatal complication. This 
disease has been the leading killer in the world 
until now [1]. Atherosclerosis is a complex 
inflammation condition which is initiated by the 
uptake of the oxidized LDL into the endothelium 
cells followed by the endothelial dysfunction, 
releasing of pro-inflammation cytokines, 
monocytes recruitment and migration into sub-
endothelial layer. Attracted monocytes undergo 
a modification into macrophage, later on LOX-1 

mediated the engulfment ox-LDL in macrophage 
which is followed by the foam cell formation, 
fatty streak and atherosclerosis plaque 
development. The rupture of the foam cell 
plaque causes other fatal complication, such as 
infarct myocardial and stroke [2, 3]. 
 
With respect to high rate mortality of 
atherosclerosis, there is an urge task to find the 
effective therapy for atherosclerosis. Several 
approaches have been developed as the 
preventive therapy. One of them is the 
vaccination strategy toward inflammation or 
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certain immune cascade of this disease [4–6]. 
Several proteins have been studied as the anti-
atherosclerosis vaccine candidate, such as 
apolipoprotein B [7, 8], interleukin [9], 
cholesteryl ester transfer protein (CETP) [10–15], 
and vascular epidermal growth factor receptor-2 
(VEGFR-2) [16, 17].  
 
LOX-1 is the major receptor of the ox-LDL in the 
endothelial cells. Binding of the oxidized LDL to 
LOX-1 triggers the activation of Nf-kB, secretion 
of the pro-inflammatory cytokines, and 
monocytes recruitments and migration into sub 
endothelial segment. Moreover, the binding of 
the ox-LDL and the LOX-1 in the smooth muscle 
cells (SMCs) promote the differentiation and 
apoptosis of the SMCs. Uptake of the ox-LDL in 
the macrophage is also mediated by the LOX-1, 
initiates the foam cells formation. The 
accumulation of foam cells leads to the fatty 
streak and plaque development [2, 3]. A previous 
study stated that the anti-LOX-1 restored the 
endothelial function in coronary arterioles in 
atherosclerosis mice [18]. Deletion of LOX-1 is 
also proved to reduce the atherogenesis in 
animal models [19]. Therefore, the inhibition of 
the LOX-1 can prevent the development of the 
atherosclerosis plaque from the initiation phase. 
Our previous research showed that the LOX-1 
vaccination could lead to the prevention of the 
foam cell formation and inhibition of 
inflammation process [20].   
 
The present study aimed to analyze the epitope 
of the LOX-1 protein using in silico method to 
predict the antigenicity of the LOX-1 protein. As 
our knowledge, the LOX-1 has not been studied 
yet as the atherosclerosis vaccine candidate.  
Epitope prediction using in silico method is a 
straight forward method since it saves the time 
and cost of the vaccine development [21, 22]. 
The predicted epitope was constructed in the 
DNA plasmid pcDNA3.1 as the carrier. 
Subsequently, the plasmid was assayed its ability 
to be recognized by mammalian expression 
system (HeLa). 
 
 

Material and methods 
 

1. Retrieval of the LOX-1 protein sequences 
The LOX-1 protein sequence was retrieved from 
Uniprot (www.uniprot.org) and Protein Data 
Bank (www.rcsb.org). Data from both source 
were compared.     
 
2. Identification of the antigenicity of the LOX-1 
protein 
Identification of the antigenicity of the LOX-1 
protein was predicted by using several tools, the 
first prediction was conducted using Net MHC 
4.0 Server [23, 24] based on artificial neural 
network. The second tool used to predict the T 
cell epitope of the LOX-1 protein was the Net CTL 
Pan Server 1.1 [25] based on its binding with 
MHC class I, C terminal proteasomal cleavage, 
and TAP (T-cell activating protein) transport 
efficacy. Other tools used to predict the epitope 
are the Pick. Pocket 1.1 Server [26] based on the 
specific position in specific weight matrices; and 
Net MHC Stab 1.0 server [27] to predict the 
stability of LOX-1 epitope with various MHC 
molecules.  
 
3. Construction of the LOX-1 gene 
Based on the in silico prediction, the C-type 
lectin-like domain (CTLD) of the LOX-1 protein 
contains epitope which can induce the T-cell 
activation. DNA encoding human CTLD LOX-1 
(OLR1) (XM_011520682), 369 base pairs (bp), 
was constructed and inserted into the pcDNA3.1 
vector (Invitrogen, San Diego, California, USA) 
between the restriction sites Nhe1 and EcoRV to 
generate pcDNA3.1-LOX-1 (pLOX-1). The start 
codon, Kozak sequence (ACCATGG), and stop 
codon were also added.  For expression analysis, 
the enhanced green fluorescence protein (eGFP) 
encoding gene (714 bp) was fused downstream 
of the CTLD LOX-1 encoding gene (369 bp) 
resulting pcDNA3.1-GFP-LOX-1 (pGFP-LOX-1). 
Plasmids were transformed into Escherichia coli 
DH5α (kindly provided by Widodo, Ph.D., Biology 
Department, Faculty of Mathematics and 
Natural Sciences, Brawijaya University) by using 
heat shock method. Isolated plasmids were 
analyzed by using restriction enzymes, and PCR 
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analyses. Restriction analysis was performed by 
using NheI and EcoRV restriction enzymes (Jena 
BioScience, Jena, Thuringia, Germany). The 
nucleotide sequence of the LOX-1 coding region 
was also confirmed by nucleic acid sequencing.  
 
4. Cell culture and DNA transfection  
The expression of LOX-1 was performed in 
mammalian cells. HeLa cells were transfected 
with pLOX-1 and pGFP-LOX-1 using 
lipotransfection method. Exponentially growing 
HeLa cells were seeded at 105 cells per well in 24-
well plates in 300 ml of DMEM supplemented 
with 5% FCS (without antibiotics). The cells were 
transfected 24 h later by using LipofectAMINE 
2000 (Invitrogen, San Diego, California, USA) at a 
ratio of lipid (μl) / DNA (μg) of 1: 0.5 as described 
in the protocol. Briefly, 0.5 μl of LipofectAMINE 
2000 was diluted into 25 μl of serum-free media; 
at the same time, 1 μg of plasmid DNA was also 
diluted into 25 μl of serum-free media and left to 
equilibrate for 5 min. The DNA and 
LipofectAMINE 2000 dilutions were mixed by 
pipetting, and complexes were allowed to form 
for 25 min at room temperature. After 25 min, 
the complex mixture (50 μl) was carefully added 
to the cells and mixed gently, and transfection 
was allowed to proceed at 37°C, in 5% CO2 for 3 
h. After 3 h, 1 ml of DMEM supplemented with 
5% FCS was added to each well, and the cells 
were returned to the incubator. The transient 
expression of the fusion GFP-LOX-1 protein was 
observed on 6, 12, 18, and 24 h post transfection 
using Olympus fluorescence microscope with the 
100x and 200x magnification respectively. After 
24 h, the cells were harvested and the total RNA 
and protein were isolated (Jena Bioscience, Jena, 
Thuringia, Germany). 
 
5. LOX-1 mRNA expression analysis  
The expression analysis was performed by using 
quantitative reverse transcriptase real time PCR 
(qRT-PCR) technology on CFX96TM Real Time 
PCR Detection System (Bio Rad, Hercules, 
California, USA) to analysis the LOX-1 mRNA 
expression using KAPA SYBR® FAST Universal 
One-Step qRT-PCR kit (Sigma-Aldrich, St. Louis, 
MO, USA). For detection of LOX-1 and GFP-LOX-

1, the sequences of the primers used were as 
follows: LOX-1 forward primer: 5’ 
AACTGTTACCTATTTTCCTCGGG 3’, LOX-1 reverse 
primer: 5’ACTGTGCTCTTAGGTTTGCC3’, GFP-
LOX-1 forward primer: 5' 
CATGGGCCCTTTAACTGGGA 3', and GFP-LOX-1 
reverse primer: 5' CTCAGGTAGTGGTTGTCGGG 
3’.  For the qRT-PCR, 10 μl of qPCR master mix, 
an 200 nM concentration of each primer, 75 ng 
of the total RNA sample, 0.4 μl of reverse 
transcriptase were mixed and adjusted to a total 
volume of 20 μl with RNase-free water. Standard 
conditions were used for the qRT-PCR (30 min at 
42°C, 5 min at 95°C, and then 40 cycles of 20 sec 
at 95°C, 20 sec at 54°C, 45 sec at 72°C). For each 
qRT-PCR, a no-template reaction was included as 
negative control and a no reverse transcriptase 
reaction was also included to check the genomic 
DNA contamination. Each sample was tested in 
triplicate and β-actin was used as relative 
measurement expression analysis. The 
expression of LOX-1 and GFP-LOX-1 gene was 
calculated through normalization with human β-
actin gene as endogenous control. 
 
6. LOX-1 protein expression analysis  
Total protein was isolated 6, 12, 18, and 24 h 
after transfection using cytoplasmic extraction 
buffer (HEPES 10 mM pH 7.9, KCl 10 mM, EDTA 
0.1 mM, Triton X-100 1%, protease inhibitors). 
LOX-1 protein expression analysis was 
conducted by using Western blot method.  HeLa 
cell lysates were subjected to denaturing SDS-
PAGE electrophoresis and were transferred onto 
nitrocellulose membrane for 2 h. Polyclonal anti-
LOX-1 antibody (Biorybt, Cambridge, UK) was 
used as detecting antibody. Subsequently the 
alkaline phosphatase labelled secondary 
antibody (Santa Cruz, Dallas, Texas, USA) was 
added. After final washed, the substrate was 
applied to the membrane and the observed 
bands were analyzed. 
 
 

Results 
 

1. LOX-1 protein have two epitopes recognized 
by cellular immune system 
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Figure 1. A. Restriction analysis of plasmid pLOX-1 and pGFP-LOX-1 was performed in DNA gel agarose electrophoresis. DNA marker (Lane 1); 
restriction of the pLOX-1 and pGFP-LOX-1 with single enzyme resulted in single bands, 6,554 bp (Lane 7) and 5,821 bp (Lane 9), respectively. 
Restriction of the pLOX-1 and pGFP-LOX-1 with double enzymes resulted in bands with the correct empty plasmid size (5,428 bp) (lane 7 and lane 
10). Insert of the pGFP-LOX-1 was observed in 1,116 bp (lane 7) while the pLOX-1 insert could not be observed (lane 10). Notes: 1: DNA marker, 
2: uncut pcDNA3.1, 3: pcDNA3.1 digest with NheI, 4: pcDNA3.1 digest with NheI and EcoRV, 5: uncut pLOX-1, 6: pLOX-1 digest with NheI, 7: pLOX-
1 digest with NheI and EcoRV, 8: uncut pGFP-LOX-1, 9: pGFP-LOX-1 digest with NheI, 7: pGFP-LOX-1 digest with NheI and EcoRV. B. BLAST result 
from pLOX-1 sequenced with specific LOX-1 forward and reverse primer. Both sequences showed similarity with human OLR1. 
 
 
Table 1. Epitope prediction result. 

Tools Epitope Amino 

acid 

location 

Length 

(amino 

acid) 

Prediction values 

    Parameters Values Threshold 

Cytoplasmic region       

NetMHC 4.0 Server FLYSPWWCL 28 – 37 9 % rank 0.02 < 0.50 

Net CLTpan 1.1 Server       

PickPocket 1.1 Server FLYSPWWCL 

CLAAATLGV 

28 – 37 

36 - 44 

9 

9 

1-log50k  

1-log50k  

0.875 

0.707 

> 0.35 

> 0.35 

NetMHCStab 1.0 

Server 

FLYSPWWCL 28 - 37 9 Stability (h) 6.05 > 6.00 

 

C-type Lectin-like Domain (CTLD) 

   

NetMHC 4.0 Server WLWEDGSPL 215 - 223 9 % rank 0.08 < 0.50 

Net CLTpan 1.1 Server WLWEDGSPL 

YLFSSGSFNW 

215 – 223 

156 - 165 

9 

10 

% rank 

% rank 

0.10 

0.80 

< 0.50 

< 0.50 

PickPocket 1.1 Server PLMPHLFRV 

WLWEDGSPL 

YLFSSGSFNWWCL 

222 -  230 

215 – 223 

156 - 168 

9 

9 

18 

1-log50k  

1-log50k  

1-log50k  

0.810 

0.734 

0.481 

> 0.35 

> 0.35 

> 0.35 

NetMHCStab 1.0 

Server 

PLMPHLFRV 

WLWEDGSPL 

222 – 230 

215 - 223 

9 

9 

Stability (h) 

Stability (h) 

8.91 

2.25 

> 6.00 

> 6.00 
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Figure 2. Transient expression of the fusion GFP-LOX-1 in HeLa cells observed 18 h post transfection. pGFP-LOX-1 transfected HeLa cells showed 
fluorescence (A) while the HeLa transfected with pcDNA3.1 without GFP-LOX-1 (B) as negative control and non-transfected Hela cells (C) did not 
show any fluorescence.  Magnification 100x. 

 
 
From two databases which were compared, we 
can find similar amino acid sequences of the 
LOX-1 protein (Uniprot ID P78380 and Protein 
Data Bank ID 1PYX). The whole amino acid 
sequence (length: 273 amino acids) was used to 
predict its antigenicity. Our antigenicity studies 
revealed that human LOX-1 contains conserved 
T cells reactive regions (Table 1). The epitopes 
which were predicted are FLYSPWWCLAAATLGV 
and WLWEDGSPLMPHLFRV. From these 
prediction results, the CTLD of the LOX-1 protein 
is prospective as the vaccine candidate.  
 
2. pLOX-1 and pGFP-LOX-1 construction 
pLOX-1 and pGFP-LOX-1 were analyzed using 
restriction, PCR, and sequencing analysis. 
Restriction analysis was carried out by plasmid 
digestion with the single (NheI) and double 
enzymes (NheI and EcoRV) (Figure 1). Single 
enzyme (NheI) digestion showed a band in 

height of about 6,000 bp corresponding to the 
theoretical length of the pLOX-1 (5,821 base 
pairs). Furthermore, double enzymes digestion 
(NheI and EcoRV) indicated the DNA bands in the 
size of 5,428 base pairs and 396 base pairs. 
Restriction analysis of the pGFP-LOX-1 
containing LOX-1-GFP encoding gene, the total 
size of the insert is 1,116 bp. Therefore, the 
single and double digestion showed a 
corresponding band in 6,554, 5,428, and 1,116 
bps, respectively. Analysis by PCR using specific 
primer that recognizes human CTLD LOX-1 
indicated that there were genes encoding LOX-1 
and GFP-LOX-1 on the appropriate sizes (data 
not shown). Analysis by sequencing was 
performed with the specific LOX-1 primer. The 
sequencing results were analyzed by using the 
Basic Local Alignment Search Tool (BLAST) 
program and showed the similarity with the 
human LOX-1 encoding gene (OLR1) (Figure 1). 
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Figure 3. The mRNA expression of LOX-1 and GFP-LOX-1 in HeLa cells. The mRNA expression was calculated as dCt that presented the target gene 
expression normalized to β-actin. LOX-1 and GFP-LOX-1 mRNA expression level were higher in transfected cells compare to the non-transfected 
Hela cells, 300 times and 275,813 times, respectively. Notes: A. LOX-1 mRNA expression of pLOX-1 transfected and non-transfected HeLa cells, B. 
GFP-LOX-1 mRNA expression of pGFP-LOX-1 transfected and non-transfected HeLa cells, C. fold change expression was calculated as 2^-ddCt.     

 
 
3. Increased LOX-1 and GFP-LOX-1 expression in 
transfected HeLa cell lines 
The expression of eGFP-LOX-1 in Hela cells was 
able to be visualized under fluorescence 
microscope while the HeLa transfected with 
empty plasmid pcDNA3.1 and the non-
transfected HeLa cells did not show fluorescence 
signals (Figure 2). The highest fluorescence 
intensity was observed in 18 h post transfection.  
 
In our study, the mRNA expression levels of LOX-
1 and GFP-LOX-1 were quantified with the help 
of the qRT-PCR. The mRNA levels of LOX-1 and 
GFP-LOX1 were compared with that of β-actin 
mRNA. As predicted, the mRNA levels of LOX-1 
and GFP-LOX-1 in transfected cells were higher 
than those in non-transfected cells (Figure 3). 
mRNA expression level of pLOX-1 transfected 
HeLa was 300 times higher than that in the non-
transfected HeLa cells, while the GFP-LOX-1 was 

extremely higher in pGFP-LOX-1 transfected 
HeLa cells than in non-transfected HeLa cells 
(275,813 times). The GFP-LOX-1 mRNA 
expression was significantly high since the HeLa 
did not express GFP as its endogenous gene, 
therefore, the expression level of the non-
transfected HeLa was not significantly detected. 
LOX-1 protein expression was also assayed by 
using Western Blot analysis. As shown in Figure 
4, the expressions of LOX-1 on the 6, 12, 18, and 
24 h post transfection were analyzed. Both 
transfected and non-transfected HeLa cells 
expressed mature LOX-1 with the correct sizes 
(about 45 kDa). CTLD LOX-1 protein was only 
observed as a fine band from cells extracted 
from Hela + pLOX-1 transfected cells, expressed 
12 h post transfection. The CTLD LOX-1 encoding 
gene was constructed in pLOX-1 with the size 
369 bp, thus the expressed CTLD LOX-1 has 
appropriate size (about 14 kDa).   
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Figure 4. Detection of LOX-1 by SDS-PAGE (A) and Western Blot (B) analysis. Expressed proteins on the 6, 12, 18, and 24 h post transfection (A: 
lane 2-5) from HeLa cells; expressed proteins on the 6, 12, 18, 24 h post transfection (A: lane 6-9) from HeLa+ pLOX-1 cells. Cell extracts were 
analyzed by Western blotting using an anti-LOX-1, all of the Hela cells extracts that were expressed on the 6, 12, 18, and 24 h post transfection 
(B: lane 2-5) and Hela+pLOX-1 cells extracts that were expressed on the 6, 12, 18, 24 h post transfection (B: lane 6-9) produced bands in about 45 
kDa, showing a mature form of the LOX-1 protein. The lane 8 on B showed Hela+pLOX1 expressed CTLD LOX-1 with the size about 14 kDa. This 
band showed that CTLD LOX-1 only expressed in pLOX-1 transfected Hela cells, that was detected 12 h post transfection.    
 
 

 
Discussion 

 
In this study, we designed epitope based vaccine 
using epitope prediction tolls. Epitope prediction 
used in silico study is a new method that is 
applied to increase the effectiveness and safety 
of vaccines. Through epitope prediction, 
produced vaccine is expected to work more 
specifically on the target antigen and to reduce 
the risk of side effects, particularly the risk of 
hypersensitivity [22, 28]. To evaluate the 
antigenicity of the LOX-1 protein, we used 
several tools, Net MHC 4.0 Server, Net CTL Pan 
Server 1.1, Pick. Pocket 1.1 Server, and Net MHC 
Stab 1.0 server. The tools identified two epitopes 
of human LOX-1, FLYSPWWCLAAATLGV and 
WLWEDGSPLMPHLF RV. The first epitope 
located in the cytoplasmic region while the 
second epitope presented in the C-type lectin-
like domain (CTLD) LOX-1.  CTLD is the most 
important domain in LOX-1 which plays roles in 
the binding activity of LOX-1 with its ligands. 
Modification of several amino acids in this 
domain in fact reduced the binding activity of the 
LOX-1 protein [29, 30]. From our data, it 
suggested that LOX-1 protein is prospective to be 
developed as DNA vaccine candidate which can 
induce the T cell activation.   
 

Despite the promising results of the LOX-1 
epitope as a vaccine candidate, there are 
concerns that the vaccine will be recognized as 
auto-antigen and tolerated by T cells. Several 
other studies that were conducted to overcome 
the problem suggested that dose optimization 
and delivery system are required to increase the 
immune response [31, 32]. Other studies 
showed the use of vaccine along with Salmonella 
typhimurium AroA- as a live vector successfully 
induced a T cell response that inhibited 
atherosclerosis [16, 17, 33].  
  
 Based on our epitope prediction result, we 
construct the DNA vaccine using pcDNA3.1 
carrying CTLD encoding gene (LOX-1 epitope). 
Constructed plasmids were successfully 
transformed into host cells and characterized by 
the ability of host cells to grow in the selection 
media LB agar containing ampicillin. 
Characterization of plasmids was conducted 
using enzyme restriction and sequencing 
analyses.  
 
The constructed pcDNA3.1-LOX-1 was 
successfully transfected in mammalian cells 
(HeLa) using liposome as DNA carrier. Liposomes 
are non-viral carriers which are commonly used 
to introduce DNA into cells. The advantages 
offered by liposome is that they are non-



Journal of Biotech Research [ISSN: 1944-3285] 2017; 8: 103-112 

 

110 

 

oncogenic, non-immunogenic, and easily 
manufactured. Liposomes facilitate entry of DNA 
through the cell membrane via endocytosis. This 
process was mediated by chlatrin and caveolae 
[34]. Although it has been proven effective, 
some studies indicate the toxic side effect of the 
liposome to the host cells. Different cell types 
have different resistance - depending on the 
toxicity of lipid [35, 36]. From our optimization 
result, the optimum DNA and lipid composition 
is 1 μg DNA : 0.5 μl lipid.  
 
Measurement of mRNA level 24 h post 
transfection showed that the transfected Hela 
cells had higher LOX-1 mRNA expression than 
non-transfected HeLa (p < 0.05). The pcDNA3.1 
contains CMV promoter. Zarrien et al. 
demonstrated that the CMV promoter was a 
stronger promoter than RSV and SV 40 [37]. 
Therefore, the mRNA level of the LOX-1 was 
much higher in the transfected cells. The fact 
that the GFP-LOX-1 mRNA was not detected in 
the non-transfected cells is because the GFP is 
not the endogenous protein expressed by HeLa 
cells. This result supports our hypothesis that the 
LOX-1 DNA vaccine can be recognized and 
expressed by the mammalian cells. 
   
Surprisingly, from Western blot result (Figure 4), 
LOX-1 was expressed either in the transfected as 
well as in non-transfected HeLa cells. LOX-1 is an 
endogenous protein expressed by the HeLa. 
Previous research by Hirsch et al. suggested the 
correlation of the LOX-1 expression with the 
cancer cell growth. Lipid metabolism related 
genes are highly expressed in cancer cells, 
including HeLa, demonstrating the importance 
of the lipid metabolism during cellular 
transformation. Lipid metabolism activation has 
major roles in tumorigenesis. LOX-1 is one of the 
lipid metabolism related protein which has been 
known to be upregulated in the cancer cell lines 
[38]. LOX-1 expression is vital to sustain tissue 
integrity and its increasing expression is 
correlated with cancer cell invasion [38, 39].  
Although the mRNA level of the LOX-1 in 
transfected HeLa cells is much higher than that 
in non-transfected HeLa cells, in the translational 

level, the expression of LOX-1 of the transfected 
and non-transfected cells were not significantly 
different (p > 0.05). This result suggested that 
the post transcription regulation of the OLR1 
gene may play a main role in controlling the LOX-
1 protein level.  
 
All transfected and non-transfected HeLa cells 
expressed LOX-1 protein in their mature form 
with the size was about 45 kDa. The molecular 
mass of the human LOX-1 is 30.939 Da. However, 
the glycosylation process produces the 45 kDa 
mature LOX-1 [32]. The CTLD LOX-1 with the size 
about 14 kDa was only observed in the pLOX-1 
transfected HeLa cells, which suggested that the 
pLOX-1 could be recognized by the mammalian 
cells.  
 
Our results suggest that optimization of the LOX-
1 promoter is needed in this DNA vaccine 
development for higher expression efficiency. A 
rational approach to overcome the low-level 
expression of the antigen is to use intron as a 
combination with the promoter, such as the 
combination of CMV promoter and Intron A [40]. 
The Intron A induces the antigen level expression 
through its enhancer activity. It has Nuclear 
Factor 1 (NF1) that acts as the transcription 
binding sequence. Intron A also increases the 
mRNA stability and mRNA transport from 
nucleus to the cytoplasm, therefore, enhances 
the translation process [41, 42]. Other study 
modified the CMV promoter and combine the 
promoter with chicken β-actin promoter (CAG) 
or woodchuck hepatitis virus post-
transcriptional response element (WPRE), an 
RNA sequence that escalates the mRNA stability 
and extra nucleus transport [43]. Another 
approach to increase the antigen expression is 
by reducing the bacterial element which has 
been confirmed to improve the transfection 
efficiency and antigen expression [44, 45]. 

 
 

Conclusion  
 

In summary, the LOX-1 human protein contains 
two epitopes, FLYSPWWCLAAATLGV and 
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WLWEDGSPLMPHLFRV. pLOX-1 can be 
recognized by mammalian expression system. 
While this study only examined the expression of 
LOX-1 in mammalian cells, we expect that similar 
expression could occur in animal model. 
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