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Initial study of the mutation in exon 4 of the
LDLR gene in Vietnamese patients with

Familial hypercholesterolemia
Lao Duc Thuan, Truong Kim Phuong, Le Huyen Ai Thuy

Abstract—~Familial hypercholesterolemia (FH) has been
identified as the genetic disorder disease, which is characterized
by high total cholesterol, in particularly, the high level of low
density lipoprotein (LDL). The normal function of low density
lipoprotein receptor is obligate for the normal of lipid profile.
The mutation in exon 4 of LDLR gene has been identified to be
responsible to FH. In current study, the PCR sequencing
method was applied to analyze the mutation of exon 4 of LDLR
gene of forty clinical samples, which were diagnosed with FH.
As the results, 29 samples of 40 samples, counting for 72.5%.
Notably, the genotypes were heterogeneous. In the
representative sample DAL, the mutation 355del and ¢.379G>T
(p.V106F) were found, in which, the mutation ¢.379G>T
(p-V106F) has not been previously reported previously. In
conclusion, this study being the first comprehensive mutation
analysis of the LDLR causing FH in our country. Additionally,
mutations identification in exon 4 of LDLR geneis the
characteristic of Vietnamese FH patients.

Keywords: LDLR, exon 4, familial hypercholesterolemia
(FH), ¢.379G>T (p.V106F).

1. Introduction

Familial hypercholesterolemia (FH; MIN#143890) is an
autosomal 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). FH has proven to be genetically associated
with defects in Low density lipoprotein receptor (LDLR)
gene [6]. FH is also one of the most common disease with a
frequency of heterozygotes estimated to be 1:500 and a
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frequency of homozygotes being round 1:10° in most
population. Based on the statistic report of US Census
Bureau, International Data Base (2014), the extrapolated
prevalence of heterozygotes in Vietnam is 165,325 cases to
population estimated used.

LDLR, also known as FHC, LDLR-human, etc., located at
the 19p13.2 region, spans 45 kb and includes 18 exons which
encodes the six functional domain in its mature receptor [9,
11, 12]. LDLR gene consists of cell surface proteins involved
in receptor-mediated the transport of LDL into cells via
endocytosis, and plays a major in the clearance of
lipoproteins from blood. To date, more than 1000 mutations,
the most of them are point mutations, in LDLR gene causing
FH have been described (Genetics Home Reference: LDLR
gene). Many reports indicated that the point mutation on
exon 4 was the high frequency mutation on the LDLR gene [3,
2, 8, 12]. To the best of our knowledge, the study examining
the mutations in LDLR gene of FH in Vietnamese population
has not been focused, thus, the aim of present study was to
analyze the mutation in exon 4 of LDLR gene in Vietnamese
population with FH.

I Materials and methods

A. Subjects and individuals

In current study, 40 blood samples diagnosed with FH
with increased total cholesterol (TC > 5.2 mmol/l),
Triglyceride (T > 1.9 mmol/l), low density lipoprotein (LDL
> 3.4 mmol/l). All samples were recruited from Thu Duc
Hospital, HCMC, Vietnam. All participants provided written
informed consent prior to enroliment into the study.

B. DNA isolation

Five ml of blood from each sample were collected, then,
blood leukocytes were isolated by centrifugation at 5000
rpm/minutes, in 10 minutes. Genomic DNA was extracted
from blood leukocytes by means of an enzyme digestion
using 700 pl lysis buffer (NaCl 5M, Tris-HCI 1M, EDTA
0.5M, SDS 10% and Proteinase K 1 mg/ml). The samples
were incubated at 56°C overnight. Then, genomic DNA
obtained and purified by Phenol/Chloroform extraction and
ethanol precipitation. The quality and purity of DNA
extraction was measured by the proportion of Aygp/Azgg. Then,
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the DNA solution was stored at EDTA 0.5M, -20°C for
further used.

C. PCR analysis of LDLR gene (exon
4)

The exon 4 of LDLR gene was amplified by PCR method.
The sequence forward and reverse primer sequences for
LDLR exon 4 amplification were, respectively, 5’-
ACTGCGGCAGCGTCCCCGGC -3 and 5%-
TGGGGGAGCCCAGGGACAGG -3°. For PCR assay, the
amplification was done in a total volume of 25 pl, containing
1 ug DNA template. PCR reaction was subjected to initial at
95°C for 5 minutes, followed by 35 cycles at 95°C for 30
seconds, 54°C for 30 seconds, 72°C for 30 seconds, and
finally 72°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.
Purified DNA amplified products were directly sequenced in
two directions using the amplification primers. The PCR
product sequencing was read by Chroma Lite DNA
sequencing software 2.6.1 (Technelysium). The results were
analyzed with CLC Genomics workbench 9.5 (Qiagen
Bioinformatics) and compared with referent sequence in
NCBI database (NCBI reference sequence: NC_000019.10,
selected region: from 11,089,362 to 11,133,830). Nucleotides
were numbered as suggested by Yamamoto et al and the
mutations were named according to the nomenclature
recommended by den Dunnen and Antonarakis.

m. Results

In current study, PCR-sequencing was used to analyze the
mutation in exon 4 of LDLR gene. The PCR products were
observed by electrophoresis in distinctly different size and
easily identified. The forward and reverse primer yielded a
PCR product of 527 bps (Fig. 1). Then, PCR product was
analyzed by DNA sequencing. The signal of peaks in PCR
product sequencing were quite good for reading nucleotide
and mutation analysis (Data not shown). According to Blast
results, all of the PCR products were similar to Homo sapiens
low density lipoprotein receptor gene, giving the
representative results, it was similar to the referent sequence
with accession number: FJ525879, E-value = 0.0, Ident =
99%. It indicated that we successfully amplified the exon 4
of LDLR gene, then, the resultant sequences were compared
and analyzed with the referent sequence (NCBI reference
sequence: NC_000019.10, selected region: from 11,089,362
to 11,133,830) and CLC Genomics workbench 9.5 software.
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Figure 1. Agarose gel electrophoresis showing the
present of PCR products in representative samples. L50:
Molecular weight ladder 50 bps. DAL to DAS: representative
clinical samples. (-): negative control.

Forty clinical samples were included in this study.
Different mutations in the exon 4 of LDLR gene were
detected in 29 of 40 samples (counting for 72.5%). All
mutations were heterozygous. The LDLR gene mutation, in
representative samples DAL, included the deletion at
nucleotide 355 (355del) and a substitution of valine for
phenylalanine (¢.379G>T (p.V106F)) (Figure 2).
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Figure 2. The partial DNA sequence of representative
samples DAL genotypes of exon 4 region in LDLR gene. The
mutations were signed as arrow. (A) ¢.355del (B) ¢.379G>T
(p.V106F); (1) Referent sequence: NC_000019.10; (2): the
forward strand of DAL; (3) exon 4 in LDLR gene which
collected from NCBI (4): the reverse-complement strand of
the reverse strand of DAL.

Discussion

Forty clinical samples were included in this current study.
The lipid profile parameters used in this study were total
cholesterol, triglyceride and low density lipoprotein. Plasma
total cholesterol ranged from 3.94 to 17.46 (mean = 6.26 %
1.99 mmol/l), triglyceride ranged from 0.92 to 9.20 (mean =
2.70 £ 1.95 mmol/l) and LDL levels ranged from 0.66 to
12.72 (mean = 4.10 £ 1.82 mmol/l).

V.

Recent studies demonstrated that many different types of
LDLR mutation have been identified in patients with FH
worldwide, including nucleotide substitutions, large
rearrangements, nucleotide deletion, etc. that leading to the
disorder of its function [6, 8, 10]. The gene for LDLR spans
45 kbs, divided into 18 exons, and the correspondence
between gene exons and its functions have been well
established [11] According to a systematic review of Siidhof
et al. (1985), most of mutations were located in exon 4 of
LDLR and approximately 60% of the mutations were
missense mutations. It could be explained that exon 4 encode
the ligand binding domain, which is made up of seven
repeats of 40 amino acids each and it is important and
necessary for ligand binding [11]. In our study, we
represented the first description of heterozygous mutations in
the exon 4 of the gene for LDLR in Vietnamese patients with
hypercholesterolemia. In previous studies, the prevalence of
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exon 4 of LDLR gene were 12.1% in Spanish population and
7.7% in Venezuelan Population [1, 2], made the comparison,
in our study, the results showed that 29 cases of 40 cases,
counting for 72.5%, which was completely higher. In our
initial study, all of 40 clinical samples were collected from
FH patients, thus, we initial concluded that the 72.5% FH
patients containing the mutation on exon 4 of the LDLR gene.
Notably, the prevalence of exon 4 mutation was almost
heterozygous. Regarded to the representative samples DAL,
we found out the two mutations, which were deletion at
nucleotide 355 (355del), which causes a frameshift mutation,
and a substitution of valine for phenylalanine (c.379G>T
(p-V106F)). Compared to the list of LDLR gene mutation
databases, the 335del mutation in our study was previously
reported by Jensen et al. (1996). In particular, the ¢.379G>T
(p.V106F) mutation was firstly identified in Vietnamese
population, which have not been reported worldwide when
compared to the list of LDLR gene mutation. In this initial
study, we have indicated that the mutations in exon 4 of
LDLR gene is the characteristic of FH in Vietnamese patients
with the prevalence of 72.5%. It was noted that,
approximately 30% patients in current study may carry other
mutations on different exons of LDLR gene, or on different
genes, such as ApoB and PSK9, which have been reported to
be associated to FH.

V. Conclusion

In summary, this initial study was carried out to evaluate
the prevalence of mutation cases in Vietnamese population,
which focused on the exon 4 of LDLR gene. We have found

29 cases of 40 samples collected from Vietnamese population.

In the representative samples DAL, we found out the
mutation 355del, which was previously identified, and
¢.379G>T (p.V106F), which was the novel mutation in exon
4 of LDLR gene in Vietnamese population. The heterozygous
genotypes with exon 4 of LDLR gene is the characteristic of
FH in Vietnamese population. Further large-scale study is
required in order to investigate and summarize the genotypes
of mutation in exon 4 of the LDLR gene.
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