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ABSTRACT The LDLR (Low density lipoprotein receptor) gene encodes the low density lipoprotein receptor. It
has been reported to function as a carrier of cholesterol in the blood. Further, exon 4 of LDLR gene has been found
to be a hotspot of mutation. However, LDLR gene mutation has not been studied in Vietham. Therefore, the aim
of the current study is to identify mutations located in exon 4 of LDLR gene in Vietnamese high blood cholesterol
patients by PCR-sequencing method. Based on the results, two novel mutations including (1) deletion “C” at
position 336 and (2) insertion “C” at position 376 (insC376) were detected in 2 of 17 clinical samples (accounting
for 11.76%) and 14 of 17 clinical samples (accounting for 82.35%), respectively. Both delC336 and insC376 are
located at the binding domain repeat I11. The observed mutations were separately predicted to cause a translational
frameshift leading to the abnormal LDLR proteins that may have lost their function, resulting in the high blood

cholesterol levels in patients.
INTRODUCTION

Thelow-density lipoproteinreceptor (LDLR)
geneislocated inthe 19p13.1-p13.3region, spans
45 kb, includes 18 exons, and encodes a glyco-
protein of 839 amino acids, whichisthe cell sur-
face receptor that plays akey rolein cholesterol
homeostasis; this receptor mediates the specific
uptake of low-density lipoprotein (LDL) particles
from circulation and transfersthem into cellsvia
endocytosis (Brown and Goldstein 1974; Lindgren
et al. 1985; Phuong et a. 2018a; Phuong et al.
2018b).

The mutation in the LDLR gene is consid-
ered asthe genetic cause of monogenic familial
hypercholesterolemia (FH) (Brown and Gold-
stein 1974; Lindgren et al. 1985). Thiscondition
resultsin very high blood low-density lipopro-
tein cholesterol level, which can lead to various
human diseases, including premature cardiovas-
cular disease (CVD), premature coronary heart
disease (CHD), xanthomas and/or corneal arcus
(Austin et al. 2004; Karalis 2009; Arraiz et al.
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2010). Presently, a large number of mutations
have been reported and catal ogued worldwide.
Based on the LOVD database (http://www.ucl.
ac.uk/IdIr/LOVDv.1.1.0/), atotal of 1741 differ-
ent mutations have been reported, and most of
them are substitutions (accounting for 73.5%);
insertions and deletions have also been report-
ed (Fokkema et a. 2005). Mutationsin LDLR
gene are distributed along the full gene length;
however, a high mutation frequency has been
reported in the exon 4 coding region of the
ligand-binding domain (Arraiz et al. 2010). The
explanation could be that exon 4 encodes three
of the seven cysteine-rich ligand binding repeats
of theLDLR that playsan essentia role (required
for LDL binding viaapolipoprotein B) in recep-
tor binding activity (Neff et al. 2003; Phuong et
al. 2018b; Defesche 2004). In arecent study, a
systematic review by Jiang et al. (2015), 131 mu-
tations of LDL R wereidentified. Approximately
sixty percent of the mutationswereidentified as
missense mutations, and thirty mutations were
identified as new mutations that were not re-
corded in the database of LDL R mutations. The
database may provide information that is spe-
cificto Chinafor further studies that aim to ex-
plorethetreatment of FH (Jiang et al. 2015).



60 PHUONG KIM TRUONG, THUAN DUC LAO AND THUY Al HUYEN LE

Aim

InVietnam, the molecular basisaswell asthe
mutation of LDLR gene has not been studied
yet; therefore, the aim of the current study isto
screen and investigate the mutations in exon 4
of LDLR genein Vietnamese patientswith high
plasma cholesterol levels by PCR-sequencing
method.

METHODOLOGY
SampleCollection and DNA | solation

A total of 17 blood samples were collected
from unrelated hypercholesterolemia patients
with informed consent, and all existing ethical
regulations were followed. The samples were
collected at Hospital Thu Duc District, Ho Chi
Minh City, Vietham. The patientswere diagnosed
with increased serum cholesterol concentration
(> 5.2 mmol/L) without tendon xanthomas.

Total DNA was isolated from clinical sam-
plesby 700 ul lysisbuffer (NaCl 5M, Tris-HCI 1
M, EDTA 0.5 M, SDS 10% and Proteinase K 1
mg/ml). The samples were incubated at 56°C
overnight. The purification of DNA was per-
formed by Phenol (pH = 8)/Chloroform extrac-
tion and ethanol precipitation. Finally, the DNA
solution was stored at EDTA 0.5M at -20°C for
further use.

Amplification and Analysisof LDLR Gene

The application and analysis of LDLR gene
was performed by PCR-sequencing method. The
forward (LDLR-L) andreverseprimer (LDLR-R)
sequenceswere5 ACTGCGGCAGCGTCCCCG-
GC3 and5 TGGGGGAGCCCAGGGACAGGS re
spectively. The amplification was donein atotal
volumeof 15 pl, containing 10 ng DNA template.
PCR reaction was subjected to initial denatur-
ationat 95 °Cfor 5min, followed by 35 cyclesat
95°Cfor30s,55°Cfor30s,72°Cfor30s,and
findly 72 °Cfor 10 min. PCR productsweredirect-
ly loaded onto atwo percent agarose gel, stained
with ethidium bromide, and directly visualized
under UV illumination. The PCR product was se-
guenced to identify whether there were mutations
inexon 4 of LDLRgenein comparisonto theref-
erence transcript of exon 4 of LDLR gene
(ENST00000558518.5, location: 19p13.211,105,220
—11,105,660, length 381 bps).

RESULTS

The PCR product was observed in atotal of
17 clinical samples, yielding a PCR product of
527 bps, asshownin Figure 1. Theamplification
of LDLR gene'sexon 4 fragmentswasdetermined
by Sanger sequencing.

BT hps -

Fig. 1. Agarose gel electrophoresis of the PCR
products of (1) (4): representative clinical sam-
ples. N: negative control; L: 100-bps DNA marker

Based on the comparison to the referent se-
guence, the deletion “C” nucleotide at position
336 (delC336) (Fig. 2a) and theinsertion“C” nu-
clecotide at position 376 (insC376) (Fig. 2b) were
detected in the current study. Regarding the fre-
guency, del C336 and insC376 were detected in 2
of 17 clinical samples(accounting for 11.76%) and
14 of 17 clinical samples (accounting for 82.35%),
respectively. Notably, both del C336 and insC376
were not observed in the reversed sequence;
therefore, these mutations were heterozygous.

Mutations del C336 and insC376 were|ocated
in the LDL -receptors class A domains and sepa-
rately predicted to codethetruncated LDLR pro-
tein. In details, del C336 mutation in our hyperc-
holesterolemiapatientsled tothelossof al three
important disulfide bonds, and the reading frame
was shifted, leading to the amino acid being
changed from amino acid at 121 to create a stop
codon at 205 position (L205"), asshownin Figure
3a. InsC376 mutation encoded the truncated pro-
teinwithin the creation of stop codon downstream
theinsertion site (D129"), asshownin Figure 3b.

DISCUSSION

According to the LOVD database (http://
www.udl.ac.uk/ldir/LOVDv.1.1.0/), thelargest num-
ber of mutations has been reported in exon 4; how-
ever, the mutations of LDLR gene are difficult to
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Fig. 2. Diagram of detected (A) delC336 mutation and (B) insC376 mutation in exon 4 of LDLR gene.
(1) Referent sequence: ENST00000558518.5; (2) (3): A partial exon 4 forward sequence of represented
clinical samples; (4) A partial exon 4 of reversed sequence of represented clinical samples; (5) Bar of
conservation; (6) Consensus sequence logo. Analyzed by CLC Workbench 8.0.1

analyze and observe by full genesequencing. The  structure, exon 4 of LDLR gene codes for the
explanation could be that the mutationsin LDLR  fifth repeat of LDL receptor, which is required
full gene were difficult to identify by Sanger se= = for LDL binding via apolipoprotein; therefore,
quencing method because mutation identification ~ the variants within this region are associated
by Sanger sequencing is difficult duetothecom-  with hypercholesterolemia (Neff et al. 2003; De-
plexity of themutationitsdlf; sequencingdatacon-  fesche2004). Intheoriginal LDLR, theLDL-re-
tainsoverlapping signals. Additionally, themuta-  ceptor class A domain contains six disulfide-
tion of LDLR genehasnot been studied yet. There- bound cysteines, which forms three disulfide
fore, in the current study, the researchersinitially ~ bonds (Fig. 3), including the disulfite bond be-
focused on the LDL-receptor classA domainbe-  tween cysteine 109 —cysteine 121, cysteine 116
longingtoexon4of LDLRinhighbloodcholester-  —cysteine 134, cysteine 128 —cysteine 143, which
ol levels of Viethamese patients. In the current  are important for high affinity binding of posi-
study, the frequencies of mutations delC336 and tively charged sequencesin LDLR ligands(Mah-
ins C376 are 11.76 percent and 82.35 percent, re- ley 1988). In the current study, the deletion of
spectively inexon4 of LDLRgeneinViethamese  “C” nucleotidein the position 336 and insertion
highblood cholesterol patients. Totheresearch-  of “C” nucleotidein the position 376 in exon 4 of
ers understanding, by screening based on LOVD LDLR gene were located in the LDL -receptors
database, both mutations (del C336 and insC376) classA domains, which is necessary in forming
are novel mutations of LDL-receptor class A the binding site for LDL, thereby affecting the
domain belonging tothe LDLR gene’smutation  transportation of cholesterol. As a result, the
in the researchers’ region. According to protein  reading frame is shifted, and incorrect amino
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acids that have probably lost their function
are encoded following the frameshift mutation,
leading to the high plasma cholesterol (Yama-
moto et al. 1984). In details, the del C336 muta-
tion led to the loss of all three important disul-
fide bonds, and the reading frame was shifted,
leading to the amino acid being changed from
amino acid at 121 to create astop codon at posi-
tion 205. In the case of insC376, it affected the
formation of disulfide bonds between cysteine
116 — 134 and cysteine 128 — 143 due to the
creation of stop codon at 129. These mutations
resulted in the conformation change of the
ligand-binding domain of receptor. The genera-
tion of truncated proteins that have probably
lost their function led to the high plasmacholes-
terol. For further study, the amount of samples
could beincreased to characterize the mutations
that occurred in exon 4 of LDLR gene. Addition-
ally, these results are considered as the founda-
tion for the establishment of PCR allele specific
assay for rapid detection of LDLR point muta-
tion, such asdel C336 and insC376, which could
befurther applied in clinical diagnosis.

CONCLUSON

In the current study, two novel mutations
(delC336 and insC376 mutations) were identi-
fiedin Vietnamese hyperchol esterolemia patients
by PCR-sequencing method. Regarding the fre-
guency, delC336 and insC376 mutations were
detected in 2 of 17 clinical samples(accounting
for 11.76%) and 14 of 17 clinical samples (ac-
counting for 82.35%), respectively. Additional-
ly, thedel C336 and insC376 mutationswereiden-
tified to be located at the LDL -receptor classA
domain dueto the creation of stop codon at 205
and 129 respectively, leading to the conforma-
tion of defective protein, which results in the
high plasmacholesterol.

RECOMMENDATIONS

In continuation of this current initial study,
the size of samples should be expanded. Addi-
tionally, the mutations in other exon of LDLR
gene should be considered to characterize the
pattern mutation of LDLR gene in Vietnamese
high blood cholesterol patients.
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