
 

 

  
Abstract—Atherosclerosis was identified as a chronic 

inflammatory process resulting from interactions between plasma 
lipoproteins, cellular components (monocyte, macrophages, T 
lymphocytes, endothelial cells and smooth muscle cells) and the 
extracellular matrix of the arterial wall. Several types of genes were 
known to express during formation of atherosclerosis. This study is 
carried out to identify unknown differentially expressed gene (DEG) 
in atherogenesis. Rabbit’s aorta tissues were stained by H&E for 
histomorphology. GeneFishing™ PCR analysis was performed from 
total RNA extracted from the aorta tissues. The DNA fragment from 
DEG was cloned, sequenced and validated by Real-time PCR. 
Histomorphology showed intimal thickening in the aorta. DEG 
detected from ACP-41 was identified as cathepsin B gene and 
showed upregulation at week-8 and week-12 of atherogenesis. 
Therefore, ACP-based GeneFishing™ PCR facilitated identification 
of cathepsin B gene which was differentially expressed during 
development of atherosclerosis. 
 

Keywords—Atherosclerosis, GeneFishing™ PCR, cathepsin B 
gene 
 

I. INTRODUCTION 
THEROSCLEROSIS is an arterial disease that affects the 
large and medium sized arteries causing reduction of 

blood flow due to thickening and hardening of the arterial 
wall. Consequence to the narrowed arterial lumen, several 
clinical syndromes is manifested including ischemic heart 
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disease, peripheral vascular disease, cerebrovascular disease, 
thrombosis, plaque hemorrhage and aneurysm [1].  

Many studies on arterial biology have demonstrated 
pathways of atherogenesis revealed the association of 
endothelial dysfunction and inflammatory processes in the 
arterial wall [2-6]. Inflammation was indicated as a key role in 
the initiation, progression and rupture of the atherosclerotic 
plaque [7]. Furthermore, alteration of arterial wall 
permeability marked dysfunction of the endothelium causing 
the arterial wall to be more susceptible particularly to pro-
atherogenic component such as low-density lipoprotein [8].  
Accumulation of low-density lipoprotein (LDL) in the vessel 
lumen stimulated atherogenesis which strongly related the 
blood cholesterol and atherosclerosis [9-11].Atherosclerosis 
involved expression of associated genes that are differentially 
expressed throughout various stages of its development [12-
14]. Expression profiles of the genes can be characterized by 
Genefishing™ PCR technique which facilitates detection of 
unknown gene in atherogenesis [15]. This system used 
annealing control primers (ACPs) that possessed a unique 
tripartite structure consist of 3’-end and 5’-end distinct portion 
separated by a regulator.  There are two sets of ACPs that play 
important roles in amplification of a specific target gene. The 
first primer, dT-ACP1, reverse transcribed the RNA templates 
to produce first cDNA strand. The procedure is achieved by 
hybridizing the 3’-end core portion of dT-ACP1with a 
sequence complementary to the polyA region of mRNA 
transcripts. The first-strand cDNA produced at the first stage 
possessed the universal sequence of dT-ACP1 at its 5’-end. 
The second primers consist of combination of arbitrary ACPs 
(forward primers) and dT-ACP2 (reverse primers), possessed 
a hybridising sequence complementary to a region on the first 
strand cDNA, and are participating in synthesizing the second 
strand cDNA by PCR. This ACP-based system allows 
amplification of specific target gene by stringent hybridization 
of the ACPs with the intended template. Therefore, gene 
expression profiles can be characterized with elimination of 
false positive result. The present study is carried out to detect 
unknown differentially expressed genes (DEGs) underlying 
development of atherosclerosis by GeneFishing™ PCR. 

II. MATERIALS AND METHODS  
All chemicals, reagents and solvents used were of Analar 

Grade or of the highest grade commercially available, 
obtained from Sigma Chemical Co., U.S.A., Merck, Germany, 
BDH Chemicals Ltd., England, Ambion, Inc., USA and Oxoid 
Ltd., England.  Reagent kits for RNA extraction, reverse 
transcription and cloning were obtained from Qiagen U.S.A. 
Microchips and reagents for RNA and DNA quantification 
were obtained from Agilent Technology Inc, Germany. DEG 
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Premix Kits for GeneFishing™ was obtained from Seegene 
Inc., Korea. ECOS™ Competence cells was obtained from 
Yeastern Biotech Co., Ltd, Taiwan. PCR-gel extraction kit 
was obtained from Promega Corporation, MD, U.S.A.  
EvaGreen® qPCR mix plus for Real-time PCR assay was 
obtained from Solis BioDyne, Estonia.   

A. Induction of Atherosclerosis in New Zealand White 
Rabbits by Cholesterol Diet 

The protocol of animal study was approved and endorsed 
by Animal Ethics Committee, Universiti Teknologi MARA 
(ACUC/CA/07(03)-UiTM). A total of thirty six young adult 
male New Zealand White rabbits, weighing 2.0 to 2.5kg were 
used in this study. The rabbits were housed individually in 
metal cages and subjected to adaptation to the animal facility 
for not less than 1-week during which they were supplied with 
normal rabbit pellet. They were assigned into two feeding 
group i.e normal-fed and 1% cholesterol-fed. Upon 
commencement of the atherosclerosis study, animals were fed 
100g per day rabbit pellet with or without incorporation of 
cholesterol diet. Water was given ad libitum. Preparation of 
cholesterol-fed diet was followed according to Campbell et 
al., (2001). Cholesterol was added to the rabbit pellet as 
diethyl ether solution and was dried of the solvent at 40oC 
overnight before being used. Rabbits were euthanized after an 
overnight food deprivation, with an intravenous injection of 
lethal dose of sodium pentobarbital (120mg/kg). The studies 
were carried out at 1, 2, 4, 6, 8 and 12 weeks of cholesterol 
feeding.  

B. Preparation of Tissue Samples 
After euthanizing, the thoracic cavity was dissected 

longitudinally; other organs were removed to expose the aorta. 
The ascending aorta extending to iliac bifurcation was 
excised. The samples were cleaned of adhering fat and 
connective tissues and perfused with cold phosphate-buffered 
saline. Aortic tissues from the arch segment were selected to 
be used in all experimental protocols in this study as described 
by Yu et al., 2008. Samples were snap-frozen in liquid 
nitrogen and stored at –80oC for further analyses. Aortic 
tissues for histo-morphology were fixed in 10% buffered 
formaldehyde.  

C. Hematoxylin and Eosin (H & E) Staining 
Fixed aortic tissue was processed and prepared for paraffin-

block at tissue embedding centre (Shandon) and sectioned at 5 
μm thickness using a rotary microtome (Microme). Sectioned 
tissue was placed onto a glass slide and allowed to dry and 
prepared for staining with Haematoxylin & Eosin. H&E slides 
were examined and photographed using Olympus Microscope 
equipped with analysisLS professional software. 

D. Total RNA Extraction and Purification  
All protocols in this experiment were conducted in DNase 

and RNase free condition. Aortic tissues (50-100mg) were 
ground to a powder in liquid nitrogen using mortar and pestle. 
Total RNA from the aortic segments was extracted using TRI 
Reagent® (Ambion) as described by Yasuda et al., 2002, 
followed by purification using RNeasy column (Qiagen) 
according to the manufacturer’s instruction.  

E. Evaluation of RNA Concentration and Integrity 
Extracted total RNA was assessed for concentration and 

integrity using ND-1000 Spectrophotometer (Nanodrop 
Technologies, Inc., USA). Further quantification of RNA 
yield and purity was carried out using RNA 6000 Nano Assay 
kit (Agilent Technologies, Inc.). RNA concentration and 
integrity were measured using the 2100 expert software. 

F. GeneFishing™ PCR 
Differentially expressed genes were screened using 120 

arbitrary annealing control primers (ACPs) from 
GeneFishing™ kits.  First strand cDNA was prepared using 
Sensiscript® Reverse Transcription (Qiagen). 50 ng of 
template RNA from control, 2-week, 4-week, 6-week, 8-week 
and 12-week was added into each reaction tube containing  1 
µM dT-ACP1 primer (Seegene), 1X buffer RT, 0.5mM dNTP 
mix, 1.0 µl Sensiscript reverse transcription , 10U/ µl RNase 
inhibitor and RNase-free water. A total volume of 20 µl 
reaction mixtures for each sample were briefly centrifuged 
followed by incubation at 37oC for 1 hour. 

GeneFishing™ PCR was prepared in a 20 μl reaction 
volume consisting of first-strand cDNA (~50 ng), 5 μM 
arbitrary ACP (one of the arbitrary ACPs), 10 μM dT-ACP2 
and 2X SeeAmp™ ACP™ Master Mix. Positive control was 
carried out using the control cDNAs (kidney and liver) 
provided in the DEG Premix kits. PCR reaction was 
performed at 94oC (5 min), 50oC (3 min), 72oC (1 min), 40 
cycles of 94oC (40 sec), 65oC (40 sec), 72o C (40 sec) and final 
extension at 72oC (5 min). 2 μl of PCR products were 
electrophoresed on a 2% agarose gel containing Ethidium 
Bromide. Differentially expressed bands from the agarose gel 
were extracted using Wizard® SV Gel and PCR Clean-Up 
System (Promega). 

G. Cloning and Sequencing of GeneFishing™ PCR 
Products 

GeneFishing™ PCR products which showed distinct bands 
from week-0 to week-12 were cloned according to the 
protocol provided by Qiagen PCR cloning kit. DNA 
purification was performed according to the protocol provided 
by GeneJET™ Plasmid Miniprep Kit (Fermentas). The 
sequence of the clones was determined by ABI 3730XL 
genetic analyzer.  

H. Primer Sequence 
The DNA sequence of the unknown gene was analyzed by 

searching for similarities using the BLAST search program at 
the National Center for Biotechnology Information (NCBI) 
GenBank. The primer sequence of the gene was designed 
using Primer3Plus program and synthesized by AITBiotech 
Company. 

I. Validation of Differentially Expressed Gene by Real-time 
PCR Assay 

Real-time PCR (RT-PCR) was performed using Rotor-gene 
6000 System (Corbett Research). The reaction solution was 
assembled in a volume of 20µl, which comprised of 
EvaGreen® qPCR Mix Plus (Solis Biodyne), forward and 
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reverse primers (final concentration 200nm each) and 50ng 
cDNA template.  

A total of 50ng of template was subjected to RT-PCR with 
cycling condition as follows: 95oC for 5 minutes for activation 
of Taq DNA Polymerase followed by 40 cycles of 
denaturation, annealing and extension at 95oC for 10 seconds, 
60oC for 30 seconds and 72oC for 30 seconds respectively. All 
samples were normalized to glyceraldehydes-3-phosphate 
dehydrogenase (GAPDH) which gave constant Ct values in all 
studied samples. The normalized value for each target cDNA 
reflects the expression level of the corresponding gene in a 
test sample relative to the standard tissue.  

J. Data Analysis 
Data obtained from differentially expressed gene by 

GeneFishing™ was compared with the registered sequence in 
the GenBank using BLAST algorithm [16]. Real-time PCR 
analysis was performed by delta delta Ct generated using 
Rotor-Gene 6000 Software 1.7.87 (Corbett Research). 

III. RESULTS 

A. Total RNA Integrity 
The integrity of total RNA used for GeneFishing™ PCR 

assay were in the range of 6.7 to 8.3 of the RNA integrity 
number (RIN) indicating good quality of intact RNA were 
used in all experiments (Fig. 1).  

B. Morphological Changes of Aorta Tissue in Development 
of Atherosclerosis 

H&E staining of cross section tissues from 1, 2, 4, 6, 8 and 
12 weeks of cholesterol diet-animals were presented in Fig. 
2A - 2F. Evident morphological changes of atherogenesis 
exhibited by increased intima areas commenced from 6 week 
and continuously progress to 12 week cholesterol-diet (Fig. 
2D -  2F).  

C. Detection of Differentially Expressed Genes in 
Atherogenesis  

A total of 120 ACPs were screened from total RNA isolated 
from aortic tissues of 1, 2, 4, 6, 8 and 12 weeks of cholesterol 
diet animals. Of the 120 ACPs screening, DEG fragments 
from ACP41 at week-12 showed intense band compared to 
other weeks studied (Fig. 3). An analysis using BLAST 
(NCBI GenBank), DEG sequence derived from ACP41 
(week-12) showed that this sequence has 100% homology to a 
published mRNA sequence coding for Oryctologus cuniculus 
cathepsin B. Fig. 4A displayed nucleotide sequence of the 
250bp PCR fragment from ACP41 was presented as the upper 
sequence (query) and cathepsin B gene as the lower sequence 
(sbjct). Complete sequence of XM_002709436 is presented in 
Fig. 4B. 

Real-time PCR assay using primer sets, Cathepsin B: 
Forward 5’- CACGTGAATGTGGAGGTGTC–3’and Reverse 
5’ – CCAGAAGTTCCAAGCTCCAG – 3’ exhibited 
differentially expressed gene at week-8 and week-12 (Fig. 5). 
Cathepsin B gene was upregulated at 1.5-fold and 1.3-fold 
corresponding with thickening of the intimal area as detected 

by histomorphology at week-8 and week-12 respectively.  
 

 
Fig. 1 Gel Picture of Agilent 2100 Bioanalyser for Total RNA 

Extracted from Aorta Tissue Samples. Lane 1, control tissue from 
normal-diet rabbit; lanes 2 – 7, cholesterol-diet rabbits from 1 to 12 

weeks respectively 
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Fig. 2 H&E stain of aorta tissues from 1 to 12-week cholesterol-

diet rabbits. 1-week (A), 2-week (B), 4-week  (C), 6-week (D), 8-
week (E), and 12-week (F).  L = lumen, I = intima. Bar represent 

200µm 
 

 
Fig. 3  2% Agarose gel electrophoresis of ACP 41 and ACP 79 

viewed by Typhoon™ 9410 (GE). Lanes 1, 50bp DNA ladder; 2, 
control DEG kidney; 3, control DEG liver, 4, ACP79-1 week; 5, 

ACP79-2 week; 6, ACP79-4 week; 7, ACP79-6 week; 8, ACP79-8 
week; 9,  ACP79-12 week; 10, ACP41-1 week; 11, ACP41-2 week; 

12, ACP41-4 week;13, ACP41-6 week; 14, ACP41-8 week; 15, 
ACP41-12 week. The arrow indicates DEG-ACP 41 exhibiting more 

intense fragment 

 

 
Fig. 4A Nucleotide sequence of DEG-ACP 41(Query) and the 
comparison with cathepsin B gene from Oryctolagus cuniculus 

(Sbjct), Genbank accession # XM_002709436 

 
Fig. 4B Complete sequence of XM_002709436 of Oryctolagus 
cuniculus cathepsin B with 100% (178/178) homology to DEG 

ACP41 transcript showed by underlined sequence from 1705 to 1882 
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Fig. 5 Expression profiles of Cathepsin B gene from 1- week to 12-
week atherogenesis. Increased expressions exhibited in 8 and 12-

week atherogenesis 
 

IV. DISCUSSION  
Atherosclerosis involved expression of associated genes 

that are differentially expressed throughout various stages of 
its development [12-14]. Therefore, this study was performed 
to identify any unknown gene(s) profiling associated with 
atherogenesis. Expression profiles of the genes were evaluated 
by Genefishing™ PCR technique which facilitates detection 
of unknown gene(s) in atherogenesis. This technique was 
firstly introduced by Hwang and co-workers in 2003 in an 
attempt to improve specificity of conventional PCR primer 
during annealing process and eliminating false positive PCR 
products from subsequent amplification process. The novel 
oligonucleotide primer designated ‘Annealing Control Primer’ 
(ACP™) provides a high annealing specificity to the target 
sequences and allows only genuine products to be amplified 
[17]. ACP™ technology is developed based on its unique 
tripartite structure and utilization of precise annealing 
temperature which has the capability to minimize mismatched 
or non-specific hybridization of primer-template. The unique 
tripartite structure of ACP™ consisted of (i) a 3′ end region 
with a target core nucleotide sequence contains 10 nucleotides 
(nts) complementary to the template nucleic acid for 
hybridization; (ii) a 5′ end region with a universal nucleotide 
sequence (22 nts); and (iii) a polydeoxyinosine [poly (dI), 5 
nts] linkerbridging the 3′ and 5′ end sequences [17]. The poly 
(dI) linker generates a region with a lower melting 
temperature (Tm) via the formation of a bubble-like structure 
at specific temperatures. The poly (dI) linker in the bubble-
like structure regulates the annealing of each 3’ end region 
and 5’ end region at distinct annealing temperature during 
PCR reactions. Therefore, the ACP linker acts as a regulator 
for a discrete interaction of nucleotide sequences of 5′ and 3′ 
region with the target template. Due its high annealing 
specificity, the application of the ACP for identification of 
differently expressed gene (DEG) generates reproducible, 

accurate, and PCR products ranging from 100 bp to 2 kb that 
are detectable on agarose gels [18]. 

GeneFishing PCR™ assay was developed specifically to be 
employed in screening of differentially expressed gene (DEG) 
in living cells under various normal physiological stages and 
pathological conditions [15]. Often, under certain biological 
stages, genes are expressed at low level which creates 
difficulties for their identification. Therefore, GeneFishing 
PCR assay resolve the difficulties in ‘fishing out’ the low 
concentrations of DEG transcripts.  

In the present study, Genefishing™ PCR demonstrated the 
ability to detect the unknown genes in atherosclerosis by using 
120 arbitrary ACPs. The unknown gene was then identified as 
Cathepsin B, a cysteine protease localized in lysosomes and 
endosomes of inflammatory cells. This cystein protease was 
found to be associated with degradation of intracellular and 
endocytosed proteins.  

Cathepsin B, expressed by macrophages play an important 
role in atherogenesis by accelerating degradation of the 
vascular extracellular matrix [19].    

The pro-atherogenic property of Cathepsin B was 
characterized by its high mRNA expression in atherosclerotic 
lesion developed in apoE-deficient (apo-E-/-) mice following 
a 20-week high fat diet [20]. The present study also 
demonstrated Cathepsin B as pro-atherogenic by investigating 
its mRNA expression profiles in atherogenesis from 1-week to 
12-week cholesterol-diet rabbit. High expression level of 
Cathepsin B at 12-week atherogenesis could be associated 
with ultrastructural changes of the endothelial surface (data 
not shown). Cathepsin B may provoke loss of endothelial 
surface integrity by degrading native and modified LDL in the 
vessel wall and promote macrophage foam cell formation. 
Lutgens et al., (2007) stated that inhibition of Cathepsin B 
impede its role as LDL degrading agent.  

The present study also identified accumulation of 
macrophages characterised by increased intima region in the 
blood vessel.  The phenotypic changes was apparent from 6-
week to 12-week atherogenesis. Atherosclerosis-stimulating 
role of Cathepsin B may contribute to the morphological 
changes of the intimal area due to its capability to degrade 
ECM of the blood vessel. Accumulation of macrophages 
increased Cathepsin B expression that eventually promoting 
ECM degradation.      
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