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Abstract

Background & Objective: Familial hypercholesterolemia (FH) is the most common genetic disease in the world
and an autosomal dominant disease characterized by increased plasma cholesterol and low-density lipoprotein (LDL)
concentrations. The clinical diagnosis of the disease is based on family history, the findings of medical examinations, and
the measurement of cholesterol levels. The most important cause of FH is the mutation in one of the LDL-R, APOB, and
PSCK9 genes. About 90% of mutations occur in the LDL-R gene, which accounts for a total of 2,000 different mutations.
Different types of mutations have been observed on different exons of the LDL-R gene, but most of the mutations
have been reported on Exon 4. The aim of this study was to sequence and analyze Exon 4 in patients with familial
hypercholesterolemia in Bushehr province in Iran.

Materials & Methods: In this study, 32 patients were selected based on global criteria for diagnosing the disease, and
a portion of LDL-R containing complete sequence of exon 4 was amplified using LDLRE4F1/ LDLRE4R1 Primers and
blood genomic DNA as a template. PCR products were sequenced and compared with reference sequence to find probable
muta—tions.

Results: The results of sequencing and comparison with the reference sequence showed that no mutation was found in the
exon 4 LDL-R gene. Therefore, this exon did not play a role in FH in the population under study.

Conclusion: Therefore, the cause of FH may be due to the mutations in other areas of the LDL-R gene or other genes,
such as APOB and PSCK9
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Introduction

Hypercholesterolemia is a metabolic disease
that results in an increase in blood cholesterol
higher than normal level. The prevalence of the
disease is high in different populations due to the

poor diet, obesity, and a sedentary lifestyle(1).
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Both environmental and genetic factors
play an important role in raising the blood
cholesterol levels. One of the most common
forms of the genetic disease is familial
hypercholesterolemia (FH) (2). FH is a genetic
disease with a dominant autosomal inheritance
pattern. The disease is caused by high levels
of low-density lipoprotein (LDL) cholesterol
which increases the risk of early cardiovascular
disease (ASCVD) in both men and women (3).
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In patients with FH, the cardiovascular disease
occurs under the age of 20, and 50 and appears
to be homozygote and heterozygote respectively
(4). Early diagnosis and treatment of the disease
can reduce the high risk of cardiovascular
atherosclerosis. Diagnosis can be based on
clinical criteria (including LDL, Cholesterol,
and family history) or DNA testing. In recent
decades, several screening projects have been
conducted in different countries, leading to the
identification of a large number of these patients
(5).
Clinical criteria commonly used to diagnose FH
include Simon Broome Register Group criteria
(SB) (6) Dutch Lipid Clinic Network Criteria
(DLCN) (7), Make Early Diagnosis to Prevent
Early Deaths (MEDPED) criteria (8), and
Japanese FH Management Criteria JFHMC) (9).
Clinical criteria may not identify all the patients
with FH, so genetic testing in many countries is
part of screening strategies (10).
Approximately 86 to 88% of molecular
detection cases, caused by harmful mutations
in the low-density lipoprotein receptor coding
gene (LDL-R), account for about 12%, caused
by mutations in the apolipoprotein B (APOB)
coding gene, and less than 0.1-2% is due to a
mutation in the PCSK9 coding gene (11). About
60% of patients with FH diagnosis did not find
mutations in the LDL-R, APOB, and PCSK9
genes. Some of these reasons can be explained
by the accumulation of small effects of LDL-C
enhancing alleles (12). APOE and STAPI are
other genes in which genetic defects have been
cited as one of the causes of FH.
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The association of Leucine removal in
position 167 of the APOE coding region, as well
as several functional mutations in the STAP1
gene has been identified as the causative agent
(13). Other possible causes include variants of
other genes that have not yet been linked to the
disease (12).

A group of patients in whom no mutations
were observed is called Non-FH-GHs, which
have a milder phenotype than those with a
genetic defect and have a lower risk of LDL-C
accumulation and cardiovascular disease (14).

About 90% of the single-gene causes of the
FH are as the result of mutations in the LDL-R
gene (15), and by 2015, more than 1,700 different
mutations had been identified (16). So far, on all
LDL-R gene exons, different types of mutations
associated with the disease have been identified
(12,17,18), but studies from all over the world
have shown a high prevalence of mutations in
exon 4 (11,12,19,20).

The exon 4 is the largest LDL-R gene exon
and has the highest mutation rate compared
to other exons. Therefore, screening exon
4 of LDL-R gene in patients with familial
hypercholesterolemia using its complete
sequencing was the aim of this study.

Material & Methods
Sampling and DNA Extraction

FH patients were diagnosed based on the
Simon Broome and Register Group criteria
(SB) (6) and Dutch Lipid Clinic Network
Criteria (7). Then, thirty-two unrelated possible
FH (aged 9<-85 years) that have been referred
to laboratories in Bushehr (during during
September-December 2017 and January 2018)
were included in this study (Table 1).
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Table 1. Clinical and demographic characteristics of FH patients

Age TC TG HDL LDL-C
Patient (yera) (mg/dl) (mg/dl) (mg/dl) ( mg/dl)
S1 M 25 290 175 51 195
S2 F 40 273 82 68 190
S3 F 50 285 135 53 205
S4 F 38 267 158 28 207.4
S5 F 60 272 152 44 197.6
S6 F 40 490 135 51 206
S7 M 50 317 203 58 224
S8 M 41 302 99 41 235
S9 F 54 302 175 64 203
S10 M 62 271 159 46 193
S11 F <9 276 61 49 215
S12 F 40 310 329 52 195
S13 F 36 218 283 48 190
S14 M 46 305 243 53 215
S15 M 37 266 168 37 195.4
S16 M 53 311 191 33 197
S17 F 38 285 194 43 206
S18 F 67 308 176 40 233
S19 M 46 322 361 33 217
S20 F 56 317 294 34 224
S21 F 34 280 110 64 194
S22 M 85 387 300 27 300
S23 F 41 298 106 50 227
S24 F 53 340 225 67 216
S25 F 58 368 261 65 230
S26 F 47 359 217 56 260
S27 F 37 253 129 35 192
S28 M 41 309 157 35 243
S29 F 43 374 130 56 286
S30 F 71 320 171 54 232
S31 M 45 296 179 43 217
S32 M 37 510 111 65 329
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Total cholesterol (TC), Triglycerides (TG),
High-density lipoprotein cholesterol (HDL-
C), and Low-density lipoprotein cholesterol
(LDL-C).

Total genomic DNA was extracted from
whole blood using genomic DNA extraction kit
(Gene All- R. Korea), according to the manual
instruction. Briefly, the 200u1 of Blood sample,
200ul GB buffer and 20ul proteinase K were
mixed well and incubated at 55°C for 10 min.
Then, 200 pl ethanol was added to the mentioned
mixture. Subsequently, the mixture was added
into a spin column and centrifuged at 10000
rpm for 1 min. Flow-through and collection tube
were Discarded and the spin column was placed
in a new collection tube. The spin column was
washed with buffers GW1 and GW2 and Flow-
through and collection tube were discarded.
Finally, the column was placed in clean 1.5ml
microcentrifuge tube and 100-200 ul buffer GE
was added into the spin column and centrifuged
at 10000 rpm for 1 min. The purified DNA was
collected and preserved at 4°C for a short time
or -20°C for a long time. Quantity and quality
of DNA was measured using spectrophotometer
at 260 and ratio of 260/ 280 nm, respectively.
In addition, the DNA integrity was evaluated
by electrophoresis on 1% agarose gel.

Amplification of LDL-R gene partial region

A fragment of the LDL-R gene (536bp)
containing partial sequences of Introns 3
and 4 and complete sequence of Exon4 were
amplified using LDLRE4F1 (5'- GTTGGGAG
ACTTCACACGGTG -3") and LDLRE4R1
(5- GTTGGAAATCCACTTCGGCAC -3")
primers. The primers were designed based
on Homo sapiens low density lipoprotein
receptor, Ref Seq Gene (LRG 274) on
chromosome 19 (NG_009060.1). In addition, the
LDLRE4R1’s starting position on the Intron 4
was designed at a far distance from the exon 4,
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to cover the entire sequence of exon 4 while the
PCR products were sequenced using LDLRE4R]1.
First, the PCR condition for amplification of
the fragment was optimized as follows in 50 pl
volume, containing 1X PCR buffer, 3mM MgCl2,
0.4mM of dNTP mix, 20 pM of each primer, 2.5
U Taq DNA polymerase (Fermentas), 200-400ng
DNA. Then, all reactions were performed using
Taq DNA Polymerase Master Mix (Ampliqgon)
and the following thermal cycles: 3 min at 94°
C for initial denaturation, followed by 30 cycles
at 94° C for 1 min, 60° C for 35-55 sec and
72° C for 50-60 sec. The final extension was
at 72° C for 5 min. The PCR products size and
quality were evaluated using 1% agarose gel
electrophoresis.

DNA Sequencing and analysis

The PCR products of all patients were
sequenced using ABI 370 automated
sequencer by Bioneer company (R. Korea),
using LDLRE4R1Primer. Chromas Pro v.2.1
software (Technelysium Pty Ltd., Australia)
was used for sequence chromatograms analysis.
A preliminary sequences alignment was done
using the ClustalW2 (21) for comparing the
resulted sequences. The sequence homologies
and confirmation were performed using the
Blast software (22). In addition, a sequence
alignment was done using the ClustalW2 (21)
for comparing the resulted sequences from this
study with the reference (NG_009060.1).

Results

Amplification of partial region of LDL-R gene
with specific primers LDLRE4F1/LDLRE4R1
produced the expected-size PCR products. The
electrophoresis patterns PCR products showed
that a single DNA band with the expected length
(Figure 1).
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Figure.1 Typical electrophoretic patterns LDL-R gene; 100bp DNA ladder (M) and samples (S32, S31, S30 and S29)

Out of 32 samples, only sequencing quality of 23
samples was acceptable. Ambiguous sites were
deleted using Chromas Pro v.2.1 and region

with good quality were noticed for analysis.

The accuracy of these sequences was confirmed
using Blast software and deposited in GenBank
(Accession numbers LC546972.1-LC546994.1.)

Alignment of sequences using the Clustalw?2
software indicated that all of them were identical.
The comparison between the data in this study and
the reference sequence (NG_009060.1) indicates
no mutation and confirm precisely the same identity
(Figure 2). The results showed that patients have no
mutations in the exon 4 of LDL-R gene.

Figure 2. The Blast result of the sample 3 against the reference sequence (NG_009060.1)
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Discussion

Familial hypercholesterolemia is a dominant
autosomal disease that exposes patients to
cardiovascular disease and premature death
from the disease. Therefore, rapid diagnosis and
treatment of these patients are very important. It
is too difficult to determine a definite limit for
the diagnosis of Familial Hypercholesterolemia,
especially in children and middle-aged peoples
in whom the amount of cholesterol depends
on age. Clinical criteria are also less sensitive,
despite their high specificity. Using laboratory
criteria increases the sensitivity of the diagnosis,
but even in members of an affected family,
diagnosis based on laboratory criteria leads to
misdiagnosis in 10 to 20% of cases. However,
genetic testing has a 100% specificity for
diagnosing people carrying the disease gene in
individuals (23). PCR-RFLP (24), PCR-SSCP
(25) and direct sequencing of PCR product
(24), are the most widely used methods for
diagnosis of the mutations in the LDL receptor
gene. The PCR direct sequencing method is
the most accurate way to screen patients for
new mutations. Therefore, in our study, the
mentioned strategy was used to detect possible
mutations in exon 4 of LDL-R gene.

Various mutations have been reported in
the LDLR gene exons, but due to the large
size of exon 4, compared to other exons, high
frequency of mutations have occurred in this
exon (11, 12). Therefore, this exon has been
selected for the study. Thus, in order to study
the possible new mutations in patients with
familial hypercholesterolemia in Bushehr
province -Iran, whose disease diagnosis was
based on biochemical criteria, the complete
direct sequence of exon 4 of LDL-R gene was
determined using specific primer. The results
of comparing the sequences from this study
with the reference sequence showed that all
individuals in the studied area of the LDL-R
gene had no mutations.

Several laboratories have contributed
in this research. Usually, the people with
hypercholesterolemia have cardiovascular
problems, so a large number of samples were
expected to be from Bushehr Heart Center, however,
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no patient with LDL-C above 190 was found
during the study at heart hospital. Perhaps low
LDL-C in hospitalized patients can be attributed
to their treatment and medication.

In China, a total of 141 mutations were detected
by studying 357 probes, of which 131 were in
the LDLR share, 4 Apo B mutations, and 6
mutations in the PCSK9 gene were reported.
Most mutations occurred in exon 4 of the LDLR
gene (26), while in Tunisia, 42% of patients with
FH mutate to the LDLR gene on Exon 10(27)
has been reported. In a study in which more
than 200 patients from the United Kingdom
were screened for mutations in LDL-R gene,
the highest numbers of mutations were found
in exons 4 (28%), 14 (21%), 3 (10%) and 10
(10%) (28).

In a study which was conducted in Shahrekord
(Chaharmahal and Bakhtiari province), the
role of the LDL receptor gene in causing FH
was poorly reported (29). Also, in the studies
on exons 5 and 6 LDLR genes in patients with
high familial cholesterol in Iran, the relationship
between this area and the LDL-R gene with
FH has been ruled out (30). In a similar study,
mutations in the LDL-R gene were reported
to be the cause of FH. Screening exon 4 of
LDL-R genes in 30 patients with FH (in Iran-
Tehran), that have been clinically diagnosed
with a heterozygote, using SSCP-PCR, a new
mutation was detected at position 445 of LDL-R
gene. This mutation leads to a change from G
to T (conversion of Gly to Cys) (31). Recently,
in a molecular study of FH patients in Iran with
mutations in exons 4, 10, 11, 12, 14, and 17 of
the LDL gene have been reported (32). Also,
Ekrami and Co- worker showed a mutation in
the 3rd and 4th LDL-R gene exons in Iranians
(33). The results of the above data indicate that
the pattern of genetic mutations that cause the
Familial Hypercholesterolemia is variable in
Iranian populations.

The results of the above data suggest that the
pattern of genetic mutations that cause the FH
varies in different populations around the world.
Therefore, due to the increasing in premature
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cardiovascular disease risk in familial
hypercholesterolemia patients, it is necessary
to perform more molecular screening in each
region to detect the mutations. So, the mortality
rate can be reduced by the proper counseling
and lifestyle, including diet, exercise, and drug
treatment significantly.

Conclusion

Despite of the observed biochemical signs
in selected FH patients, no mutation was found
in their exon 4 of LDL-R gene. Therefore,
disturbances in other areas of this gene or other
genes appear to be the cause of FH. Given
that, about 40% of deaths in Bushehr province
are due to FH, a large screening program is
needed to clarify the genetic background and
epidemiological features of the disease.

Acknowledgments

This research (MSc thesis) was financially
supported by Persian Gulf University and
submitted in Irandoc with code number 2453279.

The authors thank the managers and staffs of
Shohada Khalije Fars Hospital, Mehr, Markazi,
Ebne Sina and Abourihan Laboratories.

Conflict of Interest
Authors declares that they have no conflict
of interest.

References

1.Moradi A. Study of PCSK9 and LDLR gene
changes in cardiovascular patients with familial
hypercholesterolemia. MSc thesis of Tarbiat Modares
University; 2016. [ In Persian].

2.Wiegman A, Gidding SS, Watts GF, Chapman
MJ, Ginsberg HN, Cuchel M, et al. Familial
hypercholesteroleemia in children and adolescents:
Gaining decades of life by optimizing detection and
treatment. European Heart Journal. 2015;36(36):2425-37.
3.Cartier JL, Goldberg AC. Familial Hypercholesterolemia:
Advances in Recognition and Therapy. Progress in
cardiovascular diseases. 2016;59(2):125-34.
4.Al-Rasadi K, Al-Waili K. New Treatments on the
Horizon for Familial Hypercholesterolemia. Oman
Medical Journal. 2017;32(6):447-8.

journal.fums.ac.ir

5.De Ferranti SD. Familial hypercholesterolemia in
children and adolescents: A clinical perspective. Journal
of Clinical Lipidology. 2015;9(5):S11-S19.

6.Marks D, Thorogood. Neil HAW, Humphries SE. A
review on the diagnosis, natural history, and treatment
of familial hypercholesterolaemia. Atherosclerosis. 2003;
168: 1-14

7. Liyanage KE, Burnett JR, Hooper AJ,Van Bockxmeer
FM. Familial hypercholesterolemia: epidemiology,
Neolithic origins and modern geographic distribution.
Critical Reviews in Clinical Laboratory Sciences. 2011;
48:1-18.

8.Williams RR, Hunt SC, Schumacher MC, Hegele RA,
Leppert MF, Ludwig EH, et al. Diagnosing heterozygous
familial hypercholesterolemia using new practical criteria
validated by molecular genetics. The American Journal of
Cardiology. 1993;72:171-6.

9.Harada-Shiba M, Arai H, Oikawa S, Ohta T, Okada
T, Okamura T, et al. Guidelines for the management of
familial hypercholesterolemia. Journal of Atherosclerosis
and Thrombosis. 2012;19(12):1043-60.

10.Bouhairie VE, Goldberg AC. Familial
Hypercholesterolemia. Endocrinology and Metabolism
Clinics of North America. 2016;45(1):1-16.

11.Setia N, Saxena R, Arora A, Verma IC. Spectrum of
mutations in homozygous familial hypercholesterolemia
in India, with four novel mutations. Atherosclerosis.
2016;255:31-6.

12.Grenkowitz T, Kassner U, Wiihle-Demuth M, Salewsky
B, Rosada A, Zemojtel T, et al. Clinical characterization
and mutation spectrum of German patients with familial
hypercholesterolemia. Atherosclerosis. 2016;253:88-93.
13.Jarauta E, Pérez-Ruiz MR, Pérez-Calahorra S,
Mateo-Gallego R, Cenarro A, Cofan M, et al. Lipid
phenotype and heritage pattern in families with genetic
hypercholesterolemia not related to LDLR, APOB,
PCSK9, or APOE. Journal of Clinical Lipidology.
2016;10(6):1397-1405.¢2.

14.Amit VK, Hong-Hee W, Gina MP, Kim SL, Traci
MB, Xuan D, et al., Diagnostic Yield of Sequencing
Familial Hypercholesterolemia Genes in Severe
Hypercholesterolemia. Journal of the American College
of Cardiology. 2016; 67(22): 2578-2589.

15.Lee S-H. Update on Familial Hypercholesterolemia:
Diagnosis, Cardiovascular Risk, and Novel Therapeutics.
Endocrinolology and Metabolism. 2017;32(1):36.

16.1to MK, Watts GF. Challenges in the Diagnosis and
Treatment of Homozygous Familial Hypercholesterolemia.
Drugs. 2015;75(15):1715-24.

17.Brown MS, Goldstein JL. A receptor-mediated pathway
for cholesterol homeostasis. Science. 1986;232(4746):34
LP-47.

18. Fouchier SW, Dallinga-Thie GM, Meijers JCM, Zelcer
N, Kastelein JJP, Defesche JC, et al. Mutations in STAP1 are
associated with autosomal dominant hypercholesterolemia.
Circulation Research. 2014;115(6):552-5.

3821



http://dx.doi.org/10.18502/jabs.v11i2.8767
https://dor.isc.ac/dor/20.1001.1.22285105.2021.11.2.3.2
http://jabs.fums.ac.ir/article-1-2410-en.html

[ Downloaded from jabs.fums.ac.ir on 2026-05-31 ]

[ DOR: 20.1001.1.22285105.2021.11.2.3.2 ]

[ DOI: 10.18502/jabs v11i2.8767 ]

Journal of Advanced Biomedical Sciences | Summer 2021 | Vol 11 | No 2

19. Khoo KL, Van Aker P, Defesche JC, Tan H, van de
Kerkhof L, Heijnen-van Eijk SJ, et al. Low-density
lipoprotein receptor gene mutations in a Southeast Asian
population with familial hypercholesterolemia. Clinical
Genetics. 2000; 58:98-105.

20. Mollaki V, Drogari E. Genetic causes of monogenic
familial hypercholesterolemia in the Greek population:
Lessons, mistakes, and the way forward. Journal of
Clinical Lipidology. 2016;10(4):748-56.

21. Larkin, MA, Blackshields G, Brown NP, Chenna
R, McGettigan PA, McWilliam H, et al. Clustal W and
Clustal X version 2.0. Bioinformatics. 2007; 23(21),
2947-8.

22. Altschul SF, Gish W, Miller W, Myers EW, Limpman
DJ. Basic local alighment search tools. Molecular Biology.
1990; 215(3):403-410.

23 Movahedian A, Alizadeh S, Rahmani Z, Dolatkhah
H. Molecular diagnosis of familial hypercholesterolemia.
Medical Laboratory Journal. 2012, 6(1): 73—-84.

24. Fard-Esfahani P, Zeinali C, Dehboneh SR, Taghikhani
M, Khatami S. A novel mutation in exon 4 of the low
density lipoprotein (LDL) receptor gene in an Iranian
familial hypercholesterolemia patient. Iran Biomedical
Journal. 2005;9(3):139-42.

25. Arraiz N, Bermudez V, Rondon N, Reyes F, Borjas
L, Solis E, et al. Novel mutations identification in
exon 4 of LDLR gene in patients with moderate
hypercholesterolemia in a venezuelan population.
American Journal of Therapeutics. 2010;17(3):325-9.
26.Jiang L, Sun LY, Dai YF, Yang SW, Zhang F, Wang
LY. The distribution and characteristics of LDL receptor
mutations in China: A systematic review. Scientific

Report. 2015;5:1-11.

journal.fums.ac.ir

Parviz Sh, et al . _

27 Jelassi A, Jguirim I, Najah M, Abid AM, Boughamoura
L, Maatouk F, et al. Limited mutational heterogeneity
in the LDLR gene in familial hypercholesterolemia in
Tunisia. Atherosclerosis. 2009;203(2):449-53.

28.Heath KE, Humphries SE, Middleton-Price H,
Boxer M. A molecular genetic service for diagnosing
individuals with familial hypercholesterolaemia (FH)
in the United Kingdom. European Journal of Human
Genetics. 2001;9(4):244-52.

29. Hashemzadeh M, Asadi S, Ghatresamani K,
Banitalebi M. Study of low-density lipoprotein (LDL)
receptor gene mutations in patients with high familial
cholesterol in Chaharmahal and Bakhtiari province.
Journal of Shahrekord University of Medical Sciences.
2009;4:27-34. [ In Persian].

30.Nezamoleslami N. Study of nucleotide changes
in exon 5 and 6 LDLR gene in Iranian high familial
cholesterol patients. MSc thesis of Payame Noor
University of Shahre Ray; 2016. [ In Persian].

31. Fard-Esfahani P, Khatami S, Zeinali C, Taghikhani
M, Allahyari M. A modified conformation sensitive gel
electrophoresis (CSGE) method for rapid and accurate
detection of low density lipoprotein (LDL) receptor gene
mutations in Familial Hypercholesterolemia. Clinical
Biochemistry. 2005; 38(6):579-583

32.Fairoozy RH, Futema M, Vakili R, Abbaszadegan
MR, Hosseini S, Aminzadeh M, et al. The Genetic
Spectrum of Familial Hypercholesterolemia (FH) in the
Iranian Population. Scientific Report. 2017;7(1):1-9.

33. Ekrami M, Torabi M, Ghafouri-Fard S, Mowla J,
Soltani BM, Hashemi-Gorji F, et al. Genetic analysis of
Iranian patients with familial hypercholesterolemia. Iran
Biomedical Journal. 2018;22(2):117-22.

3822



http://dx.doi.org/10.18502/jabs.v11i2.8767
https://dor.isc.ac/dor/20.1001.1.22285105.2021.11.2.3.2
http://jabs.fums.ac.ir/article-1-2410-en.html
http://www.tcpdf.org

