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Abstract – Familial defective Apolipoprotein B-100 (Apo 

B-100) was caused by the R3500Q mutation of the Apo B 

gene resulting in a glutamine substitution for the arginine 

residue, consequently, decreased binding of LDL to the LDL 

receptor. In current study, a total of 40 blood samples were 

collected from hyperlipidemia, which were confirmed by the 

concentration of cholesterol over 5.2 mmol/L. AS PCR (allele 

specific PCR) was carried to analyze the R3500Q mutation, 

then, confirmed by PCR sequencing. As the results, 27 of 40 

(counting for 67.50%) cases were identified being R3500Q 

mutation. In which, the prevalence of heterozygote and 

homozygous in this selected population was 25 of 27 

(counting for 92.59%), and 2 of 27 (counting for 7.41%), 

respectively. By PCR sequencing, results were totally 

according to results of AS PCR analyzation. Giving clearly 

evidence, two peaks were observed corresponding to two 

alleles, one allele sequence is G and another is A, that 

concluded as heterozygote (G→A transition). In the case of 

homozygote, only one peak corresponding to a sequence 

allele A. Therefore, our data supported that AS-PCR method 

that we have applied in current study proved consistent, 

rapidly, correctly identified R3500Q mutation in Vietnamese 

population. 
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I. Introduction 
Familial Hypercholesterolemia (FH; MIM#143890) is 

a common dominant disorder characterized by elevation 
of serum cholesterol bound to low density lipoprotein 
(LDL), which promotes deposition of cholesterol in the 
skin (xanthelasma), tendons (xanthomas) and coronary 
arteries (atherosclerosis) [6]. The disorder occurs in two 
clinical forms: homozygous familial hypercholesterolemia 
and heterozygous familial hypercholesterolemia [12]. 
Mutation in genes, such as LDLR, ApoB, PCSK9, counting 
for 60 – 80%, have to be proved as the risk causes of FH 
[2, 6, 12]. In current study, we focused on the mutation in 
ApoB-100 gene (Apolipoprotein B-100, MIM 107730), 
one of the two main forms ApoB-100, ApoB-48 of ApoB 
(Apolipoprotein B) gene, have been considered as the 
second cause of FH [6]. ApoB gene is located on 
chromosome 2p24.1 that codes for ApoB protein, known 

as the main Apolipoprotein on chylomicrons, low density 
lipoprotein (LDLs) and functions as the ligand for LDLR 
(Low density lipoprotein receptor) [6, 21]. Therefore, 
mutation in ApoB-100, even in case of heterozygous 
mutation, will drastically effect on its functional activity, 
subsequently, decreasing its binding activity, so-called 
familial ligand-defective Apolipoprotein B or type B 
familial hypercholesterolemia (MIM#144010). 

Previous studies indicated that many functional 
mutations in ApoB-100 have been identified such as 
R3500Q [1, 7, 10, 14, 15, 17, 23, 17], R3500W [5, 8, 18], 
R3531C [16], T3540T [20], T3552T [20], etc. Among 
them, the first to be described, and the most characterized, 
is R3500Q mutation. R3500Q was firstly reported by 
Vega et al. (1986) by extensive sequence analysis of 2 
alleles of ApoB gene in case of moderate 
hypercholesterolemia. Then, it was found to be 
heterozygous for familial ligand-defective Apolipoprotein 
B by Innerarity et al. (1987) and Soria et al. (1989). They 
demonstrated that there is a mutation in the codon for 
amino acid 3500 that results in the substitution of 
Glutamine (CAG) for Arginine (CGG), named ApoB 
R3500Q (MIM#107730.0009; ClinVar: 
RCV000019479.28). The mutations all occur in Arginine 
codons and result in an Apo B-100 molecule that exhibits 
defective binding to the LDL receptor, leading to impaired 
uptake of LDL into the cell and consequently, 
hypercholesterolemia (Henderson et al., 1997). According 
to Rauh et al. (1992), ApoB R3500Q had been found to be 
approximately 1:500 to 1:700 in North American and 
European population. However, they pointed out that 
mutation has also not been found in Finland [22], Japan 
[4], etc. However, notably, there are very limited data 
regarding ApoB gene mutations in Vietnamese population. 
Therefore, this current study was aimed to characterize the 
ApoB-100 mutation and its associated haplotype in 
subjects with hypercholesterolemia from Vietnamese 
population by AS-PCR (Allele –Specific PCR) assay. 

II. Materials and methods 

A. Samples collection, DNA extraction 

A total of 40 blood samples were collected from 
hyperlipidemic patients, which cholesterol concentration 
was over 5.2 mmol/L (ranged from 5.33 to 17.46 mmol/L) 
without tendon xanthomas, retrieved from Xuyen A 
Hospital and Thu Duc hospital, Vietnam. The procedures 
followed were in accordance with the current revision of 
the Helsinki Declaration of 1975.  

DNA was extracted from clinical sample by means of 
an enzyme digestion using 700 μl lysis buffer (NaCl 5M, 
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 Tris-HCl 1M, EDTA 0.5M, SDS 10% and Proteinase K 1 
mg/ml). The samples were incubated at 56

o
C overnight. 

Then, DNA obtained and purified by Phenol/Chloroform 
extraction and ethanol precipitation. The quality and 
purity of DNA extraction was measured by the proportion 
of A260/A280. Then, the DNA solution was stored at EDTA 
0.5M, -20

o
C for further used. 

B. Detection of R3500Q in clinical 
samples 

R3500Q detection was carried out by AS-PCR within 
two sets of primers (Table I). The procedure of detection 
was according to follow stages: (1) PCR was carried out 
within set primer of APOB-F and APOB-R; (2) Then, the 
PCR product of stage 1 was continuously amplified by set 
primer of APOB-F and APOB-RM (for allelic mutation 
detected) or APOB-F and APOB-RW (for wide type allele 
detected). For PCR assay, the amplification was done in a 
total volume of 15 μl, containing 1 μg DNA template. 
PCR reaction was subjected to initial at 95

o
C for 5 

minutes, followed by 35 cycles at 95
o
C for 30 seconds, 

54
o
C for 30 seconds, 72

o
C for 30 seconds, and finally 

72
o
C for 10 minutes. Each PCR product was directly 

loaded onto a 2.0% agarose gel, stained with Ethidium 
bromide, and directly visualized under UV illumination. 
Then, PCR product was sequenced to confirm target gene 
and mutation analysis. 

TABLE I. PRIMERS’ SEQUENCES USED IN R3500Q DETECTION 

Primer Sequence (5’-3’) P 

APOB-F GACCACAAGCTTAGCTTGG 
334 

APOB-R GGGTGGCTTTGCTTGTATG 

APOB-RM TGCAGCTTCACTGAAGACT 167 

APOB-RW TGCAGCTTCACTGAAGACC 167 

C. Results and discussion 

Initially, total DNA of all samples were extracted by 
phenol/chloroform method, then, measured by the 
proportion of A260/A280. As the result, the ratio of 
A260/A280 ranged from 1.8 to 2.0 (Data not shown), 
indicated pure DNA preparations were done.  Firstly, the 
amplification was carried out by using the APOB-F and 
APOB-R. PCR products, 334 bp, were observed by 
electrophoresis in distinctly different sizes and easily 
identified (Fig. 1). 

 

Figure 1.  Agarose gel electrophoresis showing the presence of PCR 

product amplified by APOB-F and APOB-R. (1)  (10): Clinical blood 

samples. 

Then, the PCR product was 10-fold diluted, then, 5 µl 
DNA was enrolled into R3500Q detection by PCR assay 
within APOB-F and APOB-RM (for allelic mutation 
detected) or APOB-F and APOB-RW (for wide type allele 
detected). As the result, only one 167-bp length band was 
easily identified and observed (Fig. 2). According to Fig. 
2, there were two bands observed, thus, it could be 

concluded that sample 1, 2, 3 and 4 were heterozygous 
allelic mutation.  

 

Figure 2.  Agarose gel electrophoresis showing the presence of PCR 

product amplified by (A) APOB-F and APOB-RM; (B) APOB-F and 
APOB-RW. (1) (2) (3) (4): Clinical blood samples. 

In current report, we pointed out the 344-bp length 
DNA sequencing of representative samples, which 
amplified by APOB-F and APOB-R, for analyzed allelic 
mutation detected by AS-PCR. The homozygous and 
heterozygous allelic mutation were shown in Fig. 3 and 
Fig. 4, respectively. According Fig. 3 and Fig. 4, the 
signal of peaks in PCR product sequencing was quite 
good for reading nucleotide. Based on the DNA 
sequences, there was only one clear peak on nucleotide 
117 (arrowed, Fig. 3), indicated homozygous allelic 
mutation, and double clear peaks on nucleotide 121 
(arrowed, Fig. 4), indicated heterozygous allelic mutation 
or haplotype defective Apolipoprotein B-100. Thus, based 
on these results, it could be included that, AS-PCR was 
successful in detection of R3500Q Apolipoprotein B-100, 
additionally, homozygous and heterozygous were easily 
and rapidly distinguished.  

 

Figure 3.  DNA sequencing of clinical sample 22, indicated 
homozygous allelic mutation (arrowed) 

 

Figure 4.  DNA sequencing of clinical sample 4, indicated 
heterozygous allelic mutation (arrowed) 

In current initial study, total of 40 blood samples were 

enrolled into R3500Q detection by AS-PCR. The 

frequency of R3500Q was 68.0% (27 of 40 cases), 

compared to other previous researches, the frequency of 

R3500Q was higher. Giving examples, it was widely 

accepted that the average population frequency was 

ranged from 1:700 to 1:500 among white population [11], 

from 3% to 5% in most countries in Europe [3], and not 

be found in Russia [9], Turkey [19]. It was expected to the 

geographic distribution of R3500Q mutation, and this 

mutation could be a significant characteristic to 

Vietnamese population. Moreover, in 27 samples, which 

was positive to R3500Q mutation, the frequency of 

heterozygous was 92.59% (25 of 27 cases), only 7.41% (2 

of 27 cases). In heterozygous familial 

hypercholesterolemia, an individual inherits a mutation 

for FH from one parent. Therefore, heterozygous carriers, 

indicated familial ligand-defective Apolipoprotein B, 

towards higher in Vietnamese population. In further study, 

amount of samples will be increased to be tested to reveal 
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 the contribution of this mutation in causing familial 

ligand-defective Apolipoprotein B in Vietnamese 

population, therefore, applied to early diagnosis and 

prognosis of this disease. 

III. Conclusion 
In summary, 27 of 40, counting for 68.0% familial 

ligand-defective Apolipoprotein B blood samples were 
detected within R3500Q mutation by AS-PCR method.  In 
Vietnamese population, this R3500Q mutation is linked to 
the higher frequency of haplotype, which reached to 
92.59% (25 of 27 R3500Q mutation samples), than other 
countries. It could be inferred that, the hypothesis of 
heterozygous familial ligand-defective Apolipoprotein B 
is the significant characteristic in Vietnamese population, 
further study, amount of samples will be expanded and 
screened of R3500Q to support our hypothesis. Notably, 
our finding supported that AS-PCR was consistent, easy, 
correct and rapid in identification of R3500Q mutation. 
Therefore, this method will be easily in clinical 
application for screening and detection of R3500Q, 
revealed to familial ligand-defective Apolipoprotein B, in 
Vietnamese population. 

Acknowledge 

We would like to thank all the individuals assistance in 
Xuyen A Hospital and Thu Duc hospital, Vietnam. This 
study was supported by Ho Chi Minh City Open 
University fund, Vietnam.  

References 
 
[1] A. Horvath, A. Savov, S. Kirov, E. Karshelova, I. Paskaleva, A. 

Goudev, and V. Ganev, “High frequency of the ApoB-100 R3500Q 
mutation in Bulgarian hypercholesterolaemic subjects”, J Med 
Genet., vol 38, pp. 536-540, 2001. 

[2] A. Kalina, A Császár, A. E. Czeizel, L. Romics, F. Szabóki, C. 
Szalai, I. Reiber, A. Németh, S. Stephenson, and R. R. Williams, 
“Frequency of the R3500Q mutation of the apolipoprotein B-100 
gene in a sample screened clinically for familial 
hypercholesterolemia in Hungary”, Atherosclerosis., vol 154, pp. 
247-251, 2001. 

[3] A. S. Sabbagh, R. T. Daher, Z. K. Otrock, R. N. Khalek, G. S. 
Zaatari, and R. A. Mahfouz, “ApoB-100 R3500Q mutation in the 
Lebanese population: prevalence and historical review of the 
literature”, Mol Biol Rep., vol 34, pp. 267-270, 2007. 

[4] A. Tybjaerg-Hansen and S. E. Humphries, “Familial defective 
apolipoprotein B-100: a single mutation that causes 
hypercholesterolemia and premature coronary artery disease” 
Atherosclerosis., vol 96, pp. 91-107, 1992. 

[5] D. Gaffney, J. M. Reid, I. M. Cameron, K. Vass,M. J. Caslake, J. 
Shepherd, and C. J. Packard, “Independent mutations at codon 3500 
of the apolipoprotein B gene are associated with hyperlipidemia” 
Arterioscler Thromb Vasc Biol., vol 15, pp. 1025-1029, 1995. 

[6] E. Farrokhi, F. Shayesteh, S. Asadi Mobarakeh, F. Roghani 
Dehkordi, K. Ghatreh Samani, and M. Hashemzadeh Chaleshtori, 
“Molecular characterization of Iranian patients with possible 
familial hypercholesterolemia”, Indian J Clin Biochem., vol 26, pp. 
244-248, 2011. 

[7] E. Fisher, H. Scharnagl, M. M. Hoffmann, K. Kusterer, D. 
Wittmann, H. Wieland, W. Gross, and W. März, “Mutations in the 
apolipoprotein (apo) B-100 receptor-binding region: detection of 
apo B-100 (Arg3500-->Trp) associated with two new haplotypes 
and evidence that apo B-100 (Glu3405-->Gln) diminishes receptor-
mediated uptake of LDL”, Clin Chem., vol 45, pp. 1026-1038, 1999. 

[8] E. S. Tai, E. S. Koay, E. Chan, T. J. Seng, L. M. Loh, S. K. Sethi, 
and C. E. Tan, “Compound heterozygous familial 
hypercholesterolemia and familial defective apolipoprotein B-100 

produce exaggerated hypercholesterolemia”, Clin Chem., vol 47, pp. 
438-443, 2001. 

[9] F. M. Zakharova, D. Damgaard, M. Y. Mandelshtam, V. I. 
Golubkov, P. H. Nissen, G. G. Nilsen, A. Stenderup, B. M. 
Lipovetsky, V. O. Konstantinov, A. D. Denisenko, V. B. Vasilyev, 
and O. Faergeman, “Familial hypercholesterolemia in St-Petersburg: 
the known and novel mutations found in the low density lipoprotein 
receptor gene in Russia”, BMC Med Genet., vol 6, pp. 6, 2005. 

[10] G. L. Vega and S. M. Grundy, “In vivo evidence for reduced 
binding of low density lipoproteins to receptors as a cause of 
primary moderate hypercholesterolemia”, J Clin Invest., vol 78, pp. 
1410-1414, 1986. 

[11] G. Rauh, C. Keller, H. Schuster, G. Wolfram, and N. Zöllner N, 
“Familial defective apolipoprotein B-100: a common cause of 
primary hypercholesterolemia”, Clin Investig., vol 70, pp. 77-84, 
1992. 

[12] H. H. Hobbs, M. S. Brown., and J .L. Goldstein, “Molecular 
genetics of the LDL receptor gene in familial 
hypercholesterolemia”, Hum. Mutat., vol 1, pp. 445-466, 1992. 

[13] Henderson BG, Wenham PR, Ashby JP, Blundell G (1997) 
Detecting familial defective apolipoprotein B-100: three molecular 
scanning methods compared. Clin Chem., 43(9):1630-4, 1997. 

[14] J. Boren, I. Lee, W. Zhu, K. Arnold, S. Taylor, and T. L. Innerarity 
TL, “Identification of the low density lipoprotein receptor-binding 
site in apolipoprotein B100 and the modulation of its binding 
activity by the carboxyl terminus in familial defective apo-B100”, J 
Clin Invest., vol 101, pp. 1084-1093, 1998. 

[15] J. Wang, M. R. Ban, and R. A. Hegele, “Multiplex ligation-
dependent probe amplification of LDLR enhances molecular 
diagnosis of familial hypercholesterolemia”, J Lipid Res., vol 46, pp. 
366-372, 2005. 

[16] K. E. Heath, S. E. Humphries, H. Middleton-Price, and M. Boxer, 
“A molecular genetic service for diagnosing individuals with 
familial hypercholesterolaemia (FH) in the United Kingdom”, Eur J 
Hum Genet., vol 9, pp. 244-252, 2001. 

[17] L. F. Soria, E. H. Ludwig, H. R. Clarke, G. L. Vega, S. M. Grundy, 
and B. J. McCarthy, “Association between a specific apolipoprotein 
B mutation and familial defective apolipoprotein B-100”, Proc Natl 
Acad Sci U S A, vol 86, pp. 587-591, 1989. 

[18] M. L. Choong, E. S. Koay, K. L. Khoo, M. C. Khaw, and S. K Sethi 
SK, “Denaturing gradient-gel electrophoresis screening of familial 
defective apolipoprotein B-100 in a mixed Asian cohort: two cases 
of arginine3500-->tryptophan mutation associated with a unique 
haplotype”, Clin Chem., vol 43, pp. 916-923, 1997. 

[19] M. M. Sözen, R. Whittall, C. Oner, A. Tokatli, H. S. Kalkanoğlu, A. 
Dursun, T. Coşkun, R. Oner, and S. E. Humphries, “The molecular 
basis of familial hypercholesterolaemia in Turkish patients”, 
Atherosclerosis., vol 180, pp. 63-71, 2005. 

[20] R. Thiart, C. L. Scholtz, J. Vergotine, C. F. Hoogendijk, J. N. de 
Villiers, H. Nissen, K. Brusgaard, D. Gaffney, M. S. Hoffs, W. J. 
Vermaak, and M. J. Kotze, “Predominance of a 6 bp deletion in 
exon 2 of the LDL receptor gene in Africans with familial 
hypercholesterolaemia”, J Med Genet., vol 37, pp. 514-519, 2000. 

[21] S. W. Law, K. J. Lackner, A. V. Hospattankar, J. M. Anchors, A. Y. 
Sakaguchi, S. L. Naylor, and H. B. Jr. Brewer, “Human 
apolipoprotein B-100: cloning, analysis of liver mRNA, and 
assignment of the gene to chromosome 2”, Proc Natl Acad Sci U S 
A., vol 82, pp. 8340-8344, 1985. 

[22] T. Hämäläinen, A. Palotie, K. Aalto-Setälä, K. Kontula, and M. J. 
Tikkanen, “Absence of familial defective apolipoprotein B-100 in 
Finnish patients with elevated serum cholesterol”, Atherosclerosis., 
vol 82, pp. 177-183, 1990. 

[23] T. L. Innerarity, K. H. Weisgraber, K. S Arnold, R. W. Mahley, R. 
M. Krauss, G. L. Vega, and S. M. Grundy, “Familial defective 
apolipoprotein B-100: low density lipoproteins with abnormal 
receptor binding”, Proc Natl Acad Sci U S A., vol 84, pp. 6919-
6923, 1987. 

  

http://www.ncbi.nlm.nih.gov/pubmed/?term=Horvath%20A%5BAuthor%5D&cauthor=true&cauthor_uid=11494965
http://www.ncbi.nlm.nih.gov/pubmed/?term=Savov%20A%5BAuthor%5D&cauthor=true&cauthor_uid=11494965
http://www.ncbi.nlm.nih.gov/pubmed/?term=Kirov%20S%5BAuthor%5D&cauthor=true&cauthor_uid=11494965
http://www.ncbi.nlm.nih.gov/pubmed/?term=Karshelova%20E%5BAuthor%5D&cauthor=true&cauthor_uid=11494965
http://www.ncbi.nlm.nih.gov/pubmed/?term=Paskaleva%20I%5BAuthor%5D&cauthor=true&cauthor_uid=11494965
http://www.ncbi.nlm.nih.gov/pubmed/?term=Goudev%20A%5BAuthor%5D&cauthor=true&cauthor_uid=11494965
http://www.ncbi.nlm.nih.gov/pubmed/?term=Ganev%20V%5BAuthor%5D&cauthor=true&cauthor_uid=11494965
http://www.ncbi.nlm.nih.gov/pubmed/11494965
http://www.ncbi.nlm.nih.gov/pubmed/11494965
http://www.ncbi.nlm.nih.gov/pubmed/?term=Kalina%20A%5BAuthor%5D&cauthor=true&cauthor_uid=11137107
http://www.ncbi.nlm.nih.gov/pubmed/?term=Cs%C3%A1sz%C3%A1r%20A%5BAuthor%5D&cauthor=true&cauthor_uid=11137107
http://www.ncbi.nlm.nih.gov/pubmed/?term=Czeizel%20AE%5BAuthor%5D&cauthor=true&cauthor_uid=11137107
http://www.ncbi.nlm.nih.gov/pubmed/?term=Romics%20L%5BAuthor%5D&cauthor=true&cauthor_uid=11137107
http://www.ncbi.nlm.nih.gov/pubmed/?term=Szab%C3%B3ki%20F%5BAuthor%5D&cauthor=true&cauthor_uid=11137107
http://www.ncbi.nlm.nih.gov/pubmed/?term=Szalai%20C%5BAuthor%5D&cauthor=true&cauthor_uid=11137107
http://www.ncbi.nlm.nih.gov/pubmed/?term=Reiber%20I%5BAuthor%5D&cauthor=true&cauthor_uid=11137107
http://www.ncbi.nlm.nih.gov/pubmed/?term=N%C3%A9meth%20A%5BAuthor%5D&cauthor=true&cauthor_uid=11137107
http://www.ncbi.nlm.nih.gov/pubmed/?term=Stephenson%20S%5BAuthor%5D&cauthor=true&cauthor_uid=11137107
http://www.ncbi.nlm.nih.gov/pubmed/?term=Williams%20RR%5BAuthor%5D&cauthor=true&cauthor_uid=11137107
http://www.ncbi.nlm.nih.gov/pubmed/11137107
http://www.ncbi.nlm.nih.gov/pubmed/?term=Sabbagh%20AS%5BAuthor%5D&cauthor=true&cauthor_uid=17160438
http://www.ncbi.nlm.nih.gov/pubmed/?term=Daher%20RT%5BAuthor%5D&cauthor=true&cauthor_uid=17160438
http://www.ncbi.nlm.nih.gov/pubmed/?term=Otrock%20ZK%5BAuthor%5D&cauthor=true&cauthor_uid=17160438
http://www.ncbi.nlm.nih.gov/pubmed/?term=Khalek%20RN%5BAuthor%5D&cauthor=true&cauthor_uid=17160438
http://www.ncbi.nlm.nih.gov/pubmed/?term=Zaatari%20GS%5BAuthor%5D&cauthor=true&cauthor_uid=17160438
http://www.ncbi.nlm.nih.gov/pubmed/?term=Mahfouz%20RA%5BAuthor%5D&cauthor=true&cauthor_uid=17160438
http://www.ncbi.nlm.nih.gov/pubmed/17160438
http://www.ncbi.nlm.nih.gov/pubmed/?term=Tybjaerg-Hansen%20A%5BAuthor%5D&cauthor=true&cauthor_uid=1466657
http://www.ncbi.nlm.nih.gov/pubmed/?term=Humphries%20SE%5BAuthor%5D&cauthor=true&cauthor_uid=1466657
http://www.ncbi.nlm.nih.gov/pubmed/1466657
http://www.ncbi.nlm.nih.gov/pubmed/?term=Gaffney%20D%5BAuthor%5D&cauthor=true&cauthor_uid=7627691
http://www.ncbi.nlm.nih.gov/pubmed/?term=Reid%20JM%5BAuthor%5D&cauthor=true&cauthor_uid=7627691
http://www.ncbi.nlm.nih.gov/pubmed/?term=Cameron%20IM%5BAuthor%5D&cauthor=true&cauthor_uid=7627691
http://www.ncbi.nlm.nih.gov/pubmed/?term=Vass%20K%5BAuthor%5D&cauthor=true&cauthor_uid=7627691
http://www.ncbi.nlm.nih.gov/pubmed/?term=Caslake%20MJ%5BAuthor%5D&cauthor=true&cauthor_uid=7627691
http://www.ncbi.nlm.nih.gov/pubmed/?term=Shepherd%20J%5BAuthor%5D&cauthor=true&cauthor_uid=7627691
http://www.ncbi.nlm.nih.gov/pubmed/?term=Packard%20CJ%5BAuthor%5D&cauthor=true&cauthor_uid=7627691
http://www.ncbi.nlm.nih.gov/pubmed/7627691
http://www.ncbi.nlm.nih.gov/pubmed/?term=Farrokhi%20E%5BAuthor%5D&cauthor=true&cauthor_uid=22754187
http://www.ncbi.nlm.nih.gov/pubmed/?term=Shayesteh%20F%5BAuthor%5D&cauthor=true&cauthor_uid=22754187
http://www.ncbi.nlm.nih.gov/pubmed/?term=Asadi%20Mobarakeh%20S%5BAuthor%5D&cauthor=true&cauthor_uid=22754187
http://www.ncbi.nlm.nih.gov/pubmed/?term=Roghani%20Dehkordi%20F%5BAuthor%5D&cauthor=true&cauthor_uid=22754187
http://www.ncbi.nlm.nih.gov/pubmed/?term=Roghani%20Dehkordi%20F%5BAuthor%5D&cauthor=true&cauthor_uid=22754187
http://www.ncbi.nlm.nih.gov/pubmed/?term=Ghatreh%20Samani%20K%5BAuthor%5D&cauthor=true&cauthor_uid=22754187
http://www.ncbi.nlm.nih.gov/pubmed/?term=Hashemzadeh%20Chaleshtori%20M%5BAuthor%5D&cauthor=true&cauthor_uid=22754187
http://www.ncbi.nlm.nih.gov/pubmed/22754187
http://www.ncbi.nlm.nih.gov/pubmed/?term=Fisher%20E%5BAuthor%5D&cauthor=true&cauthor_uid=10388479
http://www.ncbi.nlm.nih.gov/pubmed/?term=Scharnagl%20H%5BAuthor%5D&cauthor=true&cauthor_uid=10388479
http://www.ncbi.nlm.nih.gov/pubmed/?term=Hoffmann%20MM%5BAuthor%5D&cauthor=true&cauthor_uid=10388479
http://www.ncbi.nlm.nih.gov/pubmed/?term=Kusterer%20K%5BAuthor%5D&cauthor=true&cauthor_uid=10388479
http://www.ncbi.nlm.nih.gov/pubmed/?term=Wittmann%20D%5BAuthor%5D&cauthor=true&cauthor_uid=10388479
http://www.ncbi.nlm.nih.gov/pubmed/?term=Wieland%20H%5BAuthor%5D&cauthor=true&cauthor_uid=10388479
http://www.ncbi.nlm.nih.gov/pubmed/?term=Gross%20W%5BAuthor%5D&cauthor=true&cauthor_uid=10388479
http://www.ncbi.nlm.nih.gov/pubmed/?term=M%C3%A4rz%20W%5BAuthor%5D&cauthor=true&cauthor_uid=10388479
http://www.ncbi.nlm.nih.gov/pubmed/10388479
http://www.ncbi.nlm.nih.gov/pubmed/?term=Tai%20ES%5BAuthor%5D&cauthor=true&cauthor_uid=11238294
http://www.ncbi.nlm.nih.gov/pubmed/?term=Koay%20ES%5BAuthor%5D&cauthor=true&cauthor_uid=11238294
http://www.ncbi.nlm.nih.gov/pubmed/?term=Chan%20E%5BAuthor%5D&cauthor=true&cauthor_uid=11238294
http://www.ncbi.nlm.nih.gov/pubmed/?term=Seng%20TJ%5BAuthor%5D&cauthor=true&cauthor_uid=11238294
http://www.ncbi.nlm.nih.gov/pubmed/?term=Loh%20LM%5BAuthor%5D&cauthor=true&cauthor_uid=11238294
http://www.ncbi.nlm.nih.gov/pubmed/?term=Sethi%20SK%5BAuthor%5D&cauthor=true&cauthor_uid=11238294
http://www.ncbi.nlm.nih.gov/pubmed/?term=Tan%20CE%5BAuthor%5D&cauthor=true&cauthor_uid=11238294
http://www.ncbi.nlm.nih.gov/pubmed/11238294
http://www.ncbi.nlm.nih.gov/pubmed/?term=Zakharova%20FM%5BAuthor%5D&cauthor=true&cauthor_uid=15701167
http://www.ncbi.nlm.nih.gov/pubmed/?term=Damgaard%20D%5BAuthor%5D&cauthor=true&cauthor_uid=15701167
http://www.ncbi.nlm.nih.gov/pubmed/?term=Mandelshtam%20MY%5BAuthor%5D&cauthor=true&cauthor_uid=15701167
http://www.ncbi.nlm.nih.gov/pubmed/?term=Golubkov%20VI%5BAuthor%5D&cauthor=true&cauthor_uid=15701167
http://www.ncbi.nlm.nih.gov/pubmed/?term=Nissen%20PH%5BAuthor%5D&cauthor=true&cauthor_uid=15701167
http://www.ncbi.nlm.nih.gov/pubmed/?term=Nilsen%20GG%5BAuthor%5D&cauthor=true&cauthor_uid=15701167
http://www.ncbi.nlm.nih.gov/pubmed/?term=Stenderup%20A%5BAuthor%5D&cauthor=true&cauthor_uid=15701167
http://www.ncbi.nlm.nih.gov/pubmed/?term=Lipovetsky%20BM%5BAuthor%5D&cauthor=true&cauthor_uid=15701167
http://www.ncbi.nlm.nih.gov/pubmed/?term=Konstantinov%20VO%5BAuthor%5D&cauthor=true&cauthor_uid=15701167
http://www.ncbi.nlm.nih.gov/pubmed/?term=Denisenko%20AD%5BAuthor%5D&cauthor=true&cauthor_uid=15701167
http://www.ncbi.nlm.nih.gov/pubmed/?term=Vasilyev%20VB%5BAuthor%5D&cauthor=true&cauthor_uid=15701167
http://www.ncbi.nlm.nih.gov/pubmed/?term=Faergeman%20O%5BAuthor%5D&cauthor=true&cauthor_uid=15701167
http://www.ncbi.nlm.nih.gov/pubmed/15701167
http://www.ncbi.nlm.nih.gov/pubmed/?term=Vega%20GL%5BAuthor%5D&cauthor=true&cauthor_uid=3771801
http://www.ncbi.nlm.nih.gov/pubmed/?term=Grundy%20SM%5BAuthor%5D&cauthor=true&cauthor_uid=3771801
http://www.ncbi.nlm.nih.gov/pubmed/3771801
http://www.ncbi.nlm.nih.gov/pubmed/?term=Rauh%20G%5BAuthor%5D&cauthor=true&cauthor_uid=1600334
http://www.ncbi.nlm.nih.gov/pubmed/?term=Keller%20C%5BAuthor%5D&cauthor=true&cauthor_uid=1600334
http://www.ncbi.nlm.nih.gov/pubmed/?term=Schuster%20H%5BAuthor%5D&cauthor=true&cauthor_uid=1600334
http://www.ncbi.nlm.nih.gov/pubmed/?term=Wolfram%20G%5BAuthor%5D&cauthor=true&cauthor_uid=1600334
http://www.ncbi.nlm.nih.gov/pubmed/?term=Z%C3%B6llner%20N%5BAuthor%5D&cauthor=true&cauthor_uid=1600334
http://www.ncbi.nlm.nih.gov/pubmed/1600334
http://www.ncbi.nlm.nih.gov/pubmed/?term=Henderson%20BG%5BAuthor%5D&cauthor=true&cauthor_uid=9299944
http://www.ncbi.nlm.nih.gov/pubmed/?term=Wenham%20PR%5BAuthor%5D&cauthor=true&cauthor_uid=9299944
http://www.ncbi.nlm.nih.gov/pubmed/?term=Ashby%20JP%5BAuthor%5D&cauthor=true&cauthor_uid=9299944
http://www.ncbi.nlm.nih.gov/pubmed/?term=Blundell%20G%5BAuthor%5D&cauthor=true&cauthor_uid=9299944
http://www.ncbi.nlm.nih.gov/pubmed/9299944
http://www.ncbi.nlm.nih.gov/pubmed/?term=Boren%20J%5BAuthor%5D&cauthor=true&cauthor_uid=9486979
http://www.ncbi.nlm.nih.gov/pubmed/?term=Lee%20I%5BAuthor%5D&cauthor=true&cauthor_uid=9486979
http://www.ncbi.nlm.nih.gov/pubmed/?term=Zhu%20W%5BAuthor%5D&cauthor=true&cauthor_uid=9486979
http://www.ncbi.nlm.nih.gov/pubmed/?term=Arnold%20K%5BAuthor%5D&cauthor=true&cauthor_uid=9486979
http://www.ncbi.nlm.nih.gov/pubmed/?term=Taylor%20S%5BAuthor%5D&cauthor=true&cauthor_uid=9486979
http://www.ncbi.nlm.nih.gov/pubmed/?term=Innerarity%20TL%5BAuthor%5D&cauthor=true&cauthor_uid=9486979
http://www.ncbi.nlm.nih.gov/pubmed/?term=Innerarity%20TL%5BAuthor%5D&cauthor=true&cauthor_uid=9486979
http://www.ncbi.nlm.nih.gov/pubmed/9486979
http://www.ncbi.nlm.nih.gov/pubmed/9486979
http://www.ncbi.nlm.nih.gov/pubmed/?term=Wang%20J%5BAuthor%5D&cauthor=true&cauthor_uid=15576851
http://www.ncbi.nlm.nih.gov/pubmed/?term=Ban%20MR%5BAuthor%5D&cauthor=true&cauthor_uid=15576851
http://www.ncbi.nlm.nih.gov/pubmed/?term=Hegele%20RA%5BAuthor%5D&cauthor=true&cauthor_uid=15576851
http://www.ncbi.nlm.nih.gov/pubmed/15576851
http://www.ncbi.nlm.nih.gov/pubmed/?term=Heath%20KE%5BAuthor%5D&cauthor=true&cauthor_uid=11313767
http://www.ncbi.nlm.nih.gov/pubmed/?term=Humphries%20SE%5BAuthor%5D&cauthor=true&cauthor_uid=11313767
http://www.ncbi.nlm.nih.gov/pubmed/?term=Middleton-Price%20H%5BAuthor%5D&cauthor=true&cauthor_uid=11313767
http://www.ncbi.nlm.nih.gov/pubmed/?term=Boxer%20M%5BAuthor%5D&cauthor=true&cauthor_uid=11313767
http://www.ncbi.nlm.nih.gov/pubmed/11313767
http://www.ncbi.nlm.nih.gov/pubmed/11313767
http://www.ncbi.nlm.nih.gov/pubmed/?term=Soria%20LF%5BAuthor%5D&cauthor=true&cauthor_uid=2563166
http://www.ncbi.nlm.nih.gov/pubmed/?term=Ludwig%20EH%5BAuthor%5D&cauthor=true&cauthor_uid=2563166
http://www.ncbi.nlm.nih.gov/pubmed/?term=Clarke%20HR%5BAuthor%5D&cauthor=true&cauthor_uid=2563166
http://www.ncbi.nlm.nih.gov/pubmed/?term=Vega%20GL%5BAuthor%5D&cauthor=true&cauthor_uid=2563166
http://www.ncbi.nlm.nih.gov/pubmed/?term=Grundy%20SM%5BAuthor%5D&cauthor=true&cauthor_uid=2563166
http://www.ncbi.nlm.nih.gov/pubmed/?term=McCarthy%20BJ%5BAuthor%5D&cauthor=true&cauthor_uid=2563166
http://www.ncbi.nlm.nih.gov/pubmed/2563166
http://www.ncbi.nlm.nih.gov/pubmed/2563166
http://www.ncbi.nlm.nih.gov/pubmed/?term=Choong%20ML%5BAuthor%5D&cauthor=true&cauthor_uid=9191540
http://www.ncbi.nlm.nih.gov/pubmed/?term=Koay%20ES%5BAuthor%5D&cauthor=true&cauthor_uid=9191540
http://www.ncbi.nlm.nih.gov/pubmed/?term=Khoo%20KL%5BAuthor%5D&cauthor=true&cauthor_uid=9191540
http://www.ncbi.nlm.nih.gov/pubmed/?term=Khaw%20MC%5BAuthor%5D&cauthor=true&cauthor_uid=9191540
http://www.ncbi.nlm.nih.gov/pubmed/?term=Sethi%20SK%5BAuthor%5D&cauthor=true&cauthor_uid=9191540
http://www.ncbi.nlm.nih.gov/pubmed/?term=Sethi%20SK%5BAuthor%5D&cauthor=true&cauthor_uid=9191540
http://www.ncbi.nlm.nih.gov/pubmed/9191540
http://www.ncbi.nlm.nih.gov/pubmed/?term=S%C3%B6zen%20MM%5BAuthor%5D&cauthor=true&cauthor_uid=15823276
http://www.ncbi.nlm.nih.gov/pubmed/?term=Whittall%20R%5BAuthor%5D&cauthor=true&cauthor_uid=15823276
http://www.ncbi.nlm.nih.gov/pubmed/?term=Oner%20C%5BAuthor%5D&cauthor=true&cauthor_uid=15823276
http://www.ncbi.nlm.nih.gov/pubmed/?term=Tokatli%20A%5BAuthor%5D&cauthor=true&cauthor_uid=15823276
http://www.ncbi.nlm.nih.gov/pubmed/?term=Kalkano%C4%9Flu%20HS%5BAuthor%5D&cauthor=true&cauthor_uid=15823276
http://www.ncbi.nlm.nih.gov/pubmed/?term=Dursun%20A%5BAuthor%5D&cauthor=true&cauthor_uid=15823276
http://www.ncbi.nlm.nih.gov/pubmed/?term=Co%C5%9Fkun%20T%5BAuthor%5D&cauthor=true&cauthor_uid=15823276
http://www.ncbi.nlm.nih.gov/pubmed/?term=Oner%20R%5BAuthor%5D&cauthor=true&cauthor_uid=15823276
http://www.ncbi.nlm.nih.gov/pubmed/?term=Humphries%20SE%5BAuthor%5D&cauthor=true&cauthor_uid=15823276
http://www.ncbi.nlm.nih.gov/pubmed/15823276
http://www.ncbi.nlm.nih.gov/pubmed/?term=Thiart%20R%5BAuthor%5D&cauthor=true&cauthor_uid=10882754
http://www.ncbi.nlm.nih.gov/pubmed/?term=Scholtz%20CL%5BAuthor%5D&cauthor=true&cauthor_uid=10882754
http://www.ncbi.nlm.nih.gov/pubmed/?term=Vergotine%20J%5BAuthor%5D&cauthor=true&cauthor_uid=10882754
http://www.ncbi.nlm.nih.gov/pubmed/?term=Hoogendijk%20CF%5BAuthor%5D&cauthor=true&cauthor_uid=10882754
http://www.ncbi.nlm.nih.gov/pubmed/?term=de%20Villiers%20JN%5BAuthor%5D&cauthor=true&cauthor_uid=10882754
http://www.ncbi.nlm.nih.gov/pubmed/?term=de%20Villiers%20JN%5BAuthor%5D&cauthor=true&cauthor_uid=10882754
http://www.ncbi.nlm.nih.gov/pubmed/?term=Nissen%20H%5BAuthor%5D&cauthor=true&cauthor_uid=10882754
http://www.ncbi.nlm.nih.gov/pubmed/?term=Brusgaard%20K%5BAuthor%5D&cauthor=true&cauthor_uid=10882754
http://www.ncbi.nlm.nih.gov/pubmed/?term=Gaffney%20D%5BAuthor%5D&cauthor=true&cauthor_uid=10882754
http://www.ncbi.nlm.nih.gov/pubmed/?term=Hoffs%20MS%5BAuthor%5D&cauthor=true&cauthor_uid=10882754
http://www.ncbi.nlm.nih.gov/pubmed/?term=Vermaak%20WJ%5BAuthor%5D&cauthor=true&cauthor_uid=10882754
http://www.ncbi.nlm.nih.gov/pubmed/?term=Kotze%20MJ%5BAuthor%5D&cauthor=true&cauthor_uid=10882754
http://www.ncbi.nlm.nih.gov/pubmed/?term=Law%20SW%5BAuthor%5D&cauthor=true&cauthor_uid=3001697
http://www.ncbi.nlm.nih.gov/pubmed/?term=Lackner%20KJ%5BAuthor%5D&cauthor=true&cauthor_uid=3001697
http://www.ncbi.nlm.nih.gov/pubmed/?term=Hospattankar%20AV%5BAuthor%5D&cauthor=true&cauthor_uid=3001697
http://www.ncbi.nlm.nih.gov/pubmed/?term=Anchors%20JM%5BAuthor%5D&cauthor=true&cauthor_uid=3001697
http://www.ncbi.nlm.nih.gov/pubmed/?term=Sakaguchi%20AY%5BAuthor%5D&cauthor=true&cauthor_uid=3001697
http://www.ncbi.nlm.nih.gov/pubmed/?term=Naylor%20SL%5BAuthor%5D&cauthor=true&cauthor_uid=3001697
http://www.ncbi.nlm.nih.gov/pubmed/?term=Brewer%20HB%20Jr%5BAuthor%5D&cauthor=true&cauthor_uid=3001697
http://www.ncbi.nlm.nih.gov/pubmed/3001697
http://www.ncbi.nlm.nih.gov/pubmed/3001697
http://www.ncbi.nlm.nih.gov/pubmed/?term=H%C3%A4m%C3%A4l%C3%A4inen%20T%5BAuthor%5D&cauthor=true&cauthor_uid=2375782
http://www.ncbi.nlm.nih.gov/pubmed/?term=Palotie%20A%5BAuthor%5D&cauthor=true&cauthor_uid=2375782
http://www.ncbi.nlm.nih.gov/pubmed/?term=Aalto-Set%C3%A4l%C3%A4%20K%5BAuthor%5D&cauthor=true&cauthor_uid=2375782
http://www.ncbi.nlm.nih.gov/pubmed/?term=Kontula%20K%5BAuthor%5D&cauthor=true&cauthor_uid=2375782
http://www.ncbi.nlm.nih.gov/pubmed/?term=Tikkanen%20MJ%5BAuthor%5D&cauthor=true&cauthor_uid=2375782
http://www.ncbi.nlm.nih.gov/pubmed/2375782
http://www.ncbi.nlm.nih.gov/pubmed/?term=Innerarity%20TL%5BAuthor%5D&cauthor=true&cauthor_uid=3477815
http://www.ncbi.nlm.nih.gov/pubmed/?term=Weisgraber%20KH%5BAuthor%5D&cauthor=true&cauthor_uid=3477815
http://www.ncbi.nlm.nih.gov/pubmed/?term=Arnold%20KS%5BAuthor%5D&cauthor=true&cauthor_uid=3477815
http://www.ncbi.nlm.nih.gov/pubmed/?term=Mahley%20RW%5BAuthor%5D&cauthor=true&cauthor_uid=3477815
http://www.ncbi.nlm.nih.gov/pubmed/?term=Krauss%20RM%5BAuthor%5D&cauthor=true&cauthor_uid=3477815
http://www.ncbi.nlm.nih.gov/pubmed/?term=Vega%20GL%5BAuthor%5D&cauthor=true&cauthor_uid=3477815
http://www.ncbi.nlm.nih.gov/pubmed/?term=Grundy%20SM%5BAuthor%5D&cauthor=true&cauthor_uid=3477815
http://www.ncbi.nlm.nih.gov/pubmed/3477815


  

63 

 

International Journal of Biomedical Science & Bioinformatics 
Volume 3 : Issue 2      [ISSN 2475 - 2290] 

                                                                                                                   Publication Date : 31  August,  2016 

 About author (s):  

  

Le Huyen Ai Thuy, PhD, Associate 

Professor. 

Research field: Molecular oncology, 

Cancer epigenetics, etc.  

Truong Kim Phuong, MSc, PhD student 

Research field: Molecular of Cancer, 

Cancer epigenetics, etc.  


