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Abstract

Familial hypercholesterolemia (FH) manifested as atherosclerosis is a major cause of coronary heart disease.
Different scoring systems based on clinical and paraclinical data are currently used, but the FH diagnosis should
be made only in the presence of the causative genetic defect. In the present study, 12 symptomatic (previously diag-
nosed with atherosclerosis) and asymptomatic family members were investigated. Serum lipids were measured us-
ing commercial reagents. A genetic investigation was performed by Sanger sequencing using commercial reagents
and custom primers, while copy number variations and a selected set of 40 point mutations were evaluated using
in vitro diagnostic medical devices. For the investigated patients, serum lipids were within the reference range,
due to the fact that the subjects were following lipid-lowering therapy, and smoking was the only identifiable addi-
tional risk factor. Four benign exon variants and three intron variants situated within the low-density lipoprotein
cholesterol receptor gene were identified by Sanger sequencing. No copy number variations and none of the 40
investigated point mutations were determined. Although independently considered benign, the combined effect of
the identified genetic conditions could be pathogenic under the influence of additional risk factors. Even in the
presence of a diagnosis made using clinical scores, the molecular diagnosis is often challenging, attesting to the
complexity of FH genetic etiology.
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Introduction

Coronary heart disease (CHD) is the worldwide
leading cause of death, being mainly associated
with the presence of atherosclerosis (1). With
an estimated incidence of 1:200 individuals (2),
Familial hypercholesterolemia (FH) is a major
cause of atherosclerosis, and unfortunately, it is
still regarded as an “underdiagnosed” and often
“undertreated” pathology (1).

Lifelong elevated low-density lipoprotein cho-
lesterol (LDL-C) levels are characteristic for un-
treated FH patients (1). They have a 30% to 50%
risk of suffering a potentially fatal atherosclerot-
ic event by the age of 50 or 60 in the case of men
or women, respectively (2).

Different scoring systems, such as the Dutch
Lipid Clinic Network (DLCN), Simon Broome
Register, and MedPed, all primarily based on
LDL-C or total cholesterol (CHOL) levels, cuta-
neous stigmata plus personal and family medical
history are useful in assessing the CHD risk and
making a clinical diagnosis (3). However, the
FH diagnosis should be made only in the pres-
ence of the causative genetic defect (3). This is
most often a point mutation in either the LDL
receptor (LDLR), apolipoprotein B100 (4POB),
or subtilisin-kexin type 9 proprotein convertase
(PCSKO9) genes (4). There is also the polygenic
aspect, in which several cholesterol-rising gene
modifications contribute to FH (1) occurrence,
and also the disease being caused by copy num-
ber variations (CNVs).

This research aimed to identify a causative FH
variant within a symptomatic index case, and
subsequently perform ‘“cascade screening” (5)
for the symptomatic and asymptomatic family
members, using multiple genetic diagnostic ap-
proaches.

Material and methods

The study was approved by the Ethics Commit-
tee of the “G.E. Palade” University of Medicine,

Pharmacy, Science and Technology of Tirgu
Mures (73/14.04.2017) and complies with the
Declaration of Helsinki.

Twelve family members were investigated. The
index case and the other symptomatic adults
were previously diagnosed with CHD by angi-
ography before the age of 50 and were following
lipid-lowering therapy. Children were asymp-
tomatic at enrollment and were included to as-
sess their CHD recurrence risk. DLCN criteria
for FH diagnosis were used, however, the score
mainly reflected the CHD status of the affected
subjects, since serum lipids were influenced by
statins and the underlying genetic cause was not
identified at the moment of subject enrollment.
Serum lipids, namely CHOL, triglycerides
(TRIG), directly measured LDL-C, and high-
density lipoprotein cholesterol (HDL-C) were
investigated using a Cobas Integra 400plus
(Hoffmann—La Roche, Switzerland) system and
dedicated reagents. Pretreatment LDL-C levels
were estimated based on the administered sta-
tin dose and current direct LDL-C level, using a
dedicated calculator (6).

DNA was extracted from K3EDTA anticoagu-
lated whole blood with the GeneJET Genomic
DNA Purification Kit (Thermo Fisher Scientif-
ic, USA). CNVs within the LDLR exons were
assessed using an in vitro diagnostic medical
device (IVD) by Multiplex ligation-dependent
probe amplification (MLPA) technique using
the SALSA MLPA Probemix P062 LDLR kit
(MRC Holland, The Netherlands) according to
the product insert indications.

A panel of 40 pathogenic variants in the three
main FH-causing genes, LDLR, APOB, and
PCSK9 was investigated using an IVD test,
namely the Familial Hypercholesterolemia Ar-
rays I&II (Randox Laboratories, United King-
dom), conforming to the manufacturer’s proto-
col.

For Sanger sequencing, amplification was per-
formed on a Mastercycler nexus GSX1 (Ep-
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pendorf, Germany), and capillary electrophore-
sis on a 3500xLDx Genetic Analyzer (Applied
Biosystems, USA), following preparation with
Terminator v3.1 Cycle Sequencing Kit (Thermo
Fisher Scientific, USA) and BigDye XTermina-
tor Purification Kit (Thermo Fisher Scientific,
USA). Variant Reporter v1.1 (Applied Biosyste-
ms, USA) software was used for reference-based
analysis, according to the GRCh38.p13 genome
assembly. All primer pairs (available upon re-
quest) were designed “de novo” with Primer3
(7) software for the NM 000527.5 transcript
ID, to encompass the 18 exons of LDLR and the
corresponding intron-exon junctions. Primer an-
neal regions were verified for complementarity
and single nucleotide polymorphisms presence
with SNPCheck (8) and exons’ existence with-
in the generated amplicons was confirmed with
UCSC In-Silico PCR (9). Amplicon length was
verified both in-silico (10) and using 2% agarose
gel electrophoresis. Sanger sequencing was used
to investigate all LDLR exons for the index case,
while “cascade screening” was employed for all
other subjects.

Results

Lipid serum levels in the adults diagnosed
with CHD are shown in Table 1. All these sub-
jects were included in the “probable FH” (6-8
points) category, following the application of the
DLCN score at the moment of their enrollment.
From the traditional CHD risk factors, smoking
was present in patients 1I/1, 11I/2, 11/3, while I/1
ceased smoking approximately 10 years before
the CHD diagnosis.

No copy number variations within the LDLR
gene and none of the 40 point mutations within
the three main FH-causing genes were identified
using the methods described above in the DNA
samples coming from the adults previously diag-
nosed with CHD.

Analyzing the DNA sample from the index
case, we have identified four variants situated
in the LDLR exons, namely rs11669576 in exon
8, 155930 in exon 10, rs5927 in exon 15, and
rs1359242501 in exon 18. We have also iden-
tified three intron variants, namely rs3745677
upstream of exon 2, rs2738447, and rs7259278
downstream from exon 12. The same exon vari-
ants were identified in other family members, as
shown in Figure 1.

Discussion

LDLR is the main gene associated with FH deter-
minism, and therefore it has been intensely stud-
ied. So far, over 3500 (10) variants have been
reported in this gene, several being considered
pathogenic. Similarly, “traditional” FH risk fac-
tors, such as smoking have been well document-
ed (11), as well as its possible long-lasting effect
on the patients’ CHD risk after the habit was dis-
continued (12).

Studies have often indicated dissimilar results
regarding the identification rate, as well as the
reported variants, mainly due to the investigated
population selection criteria or ethnic/regional
clustering of molecular changes. For instance,
two studies investigated the 18 exons of LDLR
by Sanger sequencing for patients diagnosed
using clinical criteria scores and reported three

Table 1. Serum lipid levels in the adults diagnosed with CHD.

Case no. (from CHOL TRIG HDL-C direct LDL-C estimated(6) LDL-C
the family tree) (mg/dl) (mg/dl) (mg/dl) (mg/dl) (mg/dl)

11/1 134.3 94.5 67.6 182.6

1172 140.4 95.2 78.1 132.7

11/3 214.6 148.5 157.4 267.6

I/1 173.3 255.6 101.9 275.1
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Fig. 1. The family tree, displaying the identified exon variants. Index case - patient I1/1

(from 24 investigated families) (13) and five
(from 27 unrelated investigated subjects) (14)
pathogenic variants, respectively. Neither report-
ed the variants identified in our patients, possibly
due to the large spectrum of LDLR variants as
well as populational and inter-individual differ-
ences. However, the majority of LDLR variants
identified in the index case and her family were
reported by other authors, mainly in Next-Gener-
ation Sequencing investigations, often followed
by Sanger sequencing for confirmation.

Currently, rs1359242501 (Minor Allele Fre-
quency <0.01) found in LDLR exon 18 is consid-
ered a three prime untranslated region (3’-UTR)
variant, and its clinical significance is not men-
tioned at the moment (15). No further informa-
tion about this variant is to be found online using
research-specific (16) or general (17) search en-
gines. At this point, we can only speculate about
the contribution of this variant to FH occurrence.

Further studies are needed to elucidate this mod-
ification’s possible clinical significance, know-
ing that 3'-UTR variants can influence gene ex-
pression after the transcription process.

Variant rs11669576 is considered to be “benign”
or “likely benign” (18) and there are a number
of scientific papers to support this classifica-
tion (18). On the other hand, the presence of
rs11669576 (missense variant) together with
rs5930, also found in our subjects, was associ-
ated with Alzheimer’s disease in a cohort of pa-
tients previously diagnosed with hypercholester-
olemia (19).

Determining a synonymous variant, rs5930 is
classified as “benign” in ClinVar (20). Studies
such as that of Ekrami et al. reinforce its clas-
sification. The authors enrolled 80 FH subjects
based on the Simon Broome criteria and per-
formed Sanger sequencing in four LDLR exons
(namely 3, 4, 9, and 10). They reported eight
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variants, and among them, the benign rs5930 as
well as the pathogenic C95W and D139H (21).
A study on 80 hypercholesterolemia patients
investigated all 18 exons of LDLR, as well as
the R3500Q mutation from APOB using Sin-
gle-strand conformational polymorphism anal-
ysis followed by Sanger sequencing for confir-
mation. The results pointed out eighteen LDLR
variants, from which twelve new, besides the be-
nign rs5927 (22). Data available in genetic data-
bases also classify rs5927 as a “benign” variant
(23).

In our study, all intron variants identified in the
index case DNA sample were disregarded in the
other subjects since all introns are eliminated
through splicing during RNA maturation. None-
theless, recent studies demonstrate that even in-
tron variants (admittedly those within the splic-
ing branchpoint/splicing site can interfere with
the splicing process, causing intron inclusions
or exon skipping, primarily if the affected nu-
cleotide is adenine (24). In our study, rs2738447
involved an adenine substitution, but a recent
phenome-wide association study on over 60,000
subjects classified this variant as “benign” (25).
The definitive FH diagnosis in our patients can-
not be ruled out in the investigated patients. Even
though the identified variants were previously
not described or were individually considered
“benign”, we must also take into account the pos-
sible additive effect of all these variants (the hap-
lotype), together with the presence of the tradi-
tional risk factor, smoking, (the epigenetic factor)
along with the evocative clinical and paraclinical
features in the final evaluation of these cases.
Regardless of the advances in genetic diagnosis
techniques, the molecular diagnosis of FH is of-
ten difficult to be made, mainly due to the large
spectrum of potentially causing genetic defects.
Nonetheless, recent research reiterates the need
for a clinical suspicion or diagnosis to be fol-
lowed by treatment (1), even in cases where the
causal gene defect is not identified (2), although

new classifications regarding hypercholesterol-
emia are being suggested (3).

This is the first report regarding investigation of a
large family with hypercholesterolemia phe-
notype by using different genetic methods. No
pathogenic variants were identified although we
performed MLPA analysis, we used Familial Hy-
percholesterolemia Arrays 1&II and carried out
the sequencing of the 18 exons of LDLR gene
and the corresponding intron-exon junctions. A
comprehensive NGS-based genetic testing of the
genes involved in lipid metabolism would be rec-
ommended as it is reported that it identifies sub-
stantially more people with FH. NGS analysis by
using NGS panels may allow investigation of clas-
sic FH genes (egs LDLR, APOB, or PCSK9) but
also of minor familial hypercholesterolemia genes
(egs. LDLRAPI, ABCGS5, ABCGS, LIPA, APOE,
etc). Recently, Reeskamp at al reported a frequen-
cy of 14.9% of rare pathogenic variant in LDLR,
APOB or PCSK9 in suspected FH patients and
showed that 4.8% of the patients with FH pheno-
type without classic FH genes mutation carried a
variant in one of the minor FH genes (26).

Conclusion

Although independently considered benign, the
combined effect of the identified genetic condi-
tions could be pathogenic under the influence of
additional lifestyle risk factors. Even in the pres-
ence of a diagnosis made using clinical scores,
the molecular diagnosis is often challenging, at-
testing to the complexity of FH genetic etiology.
Nonetheless, patients should follow treatment
and the genetic cause has to be further investi-
gated, to possibly allow for personalized treat-
ment and cascade screening to assess the CHD
risk for their descendants.
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MLPA - Multiplex ligation-dependent probe am-
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TRIG — triglycerides

Authors’ contributions

M.V. designed the study, methodology, analyzed
samples, analyzed/interpreted data, drafted the
manuscript; B.C. analyzed/interpreted data, crit-
ically revised the manuscript; D.M conceptual-
ization, designed the study, resources, evaluated
the patients/collected clinical samples/data, val-
idated results, edited / revised the manuscript,
final aproval.

Conflict-of-Interest

The authors declare no conflict of interest.

Acknowledgements

This work was partially supported by PN-I11-P2-
2.1-PED-2016-0734 research grant.

References

1. Nordestgaard BG, Chapman MJ, Humphries SE, Gins-
berg HN, Masana L, Descamps OS, et al. Familial
hypercholesterolaemia is underdiagnosed and under-
treated in the general population: Guidance for clini-
cians to prevent coronary heart disease. Eur Heart J
2013;34:3478-90. DOI: 10.1093/eurheartj/eht273

2. McGowan MP, Hosseini Dehkordi SH, Moriarty PM,
Duell PB. Diagnosis and Treatment of Heterozygous
Familial Hypercholesterolemia. J Am Heart Assoc
2019;8:e013225. DOI: 10.1161/JAHA.119.013225

3. Khera A V., Hegele RA. What Is Familial Hypercho-

10.

11.

12.

13.

15.

16.

17.

lesterolemia, and Why Does It Matter? Circulation
2020;141:1760-3. DOI: 10.1161/CIRCULATIONA-
HA.120.046961

Vrablik M, Tichy L, Freiberger T, Blaha V, Satny M,
Hubacek JA. Genetics of Familial Hypercholesterol-
emia: New Insights. Front Genet 2020;11:1183. DOI:
10.3389/fgene.2020.574474

Knowles JW, Rader DJ, Khoury MJ. Cascade screening
for familial hypercholesterolemia and the use of genet-
ic testing. JAMA - J Am Med Assoc 2017;318:381-2.
DOI: 10.1001/jama.2017.8543

FH Score n.d. https://www.thscore.eu/#/fhQuestion-
naire (accessed June 23, 2021).

Koressaar T, Lepamets M, Kaplinski L, Raime K,
Andreson R, Remm M. Primer3-masker: Integrating
masking of template sequence with primer design soft-
ware. Bioinformatics 2018;34:1937-8. DOI: 10.1093/
bioinformatics/bty036

SNPCheck n.d. https://genetools.org/SNPCheck/cred-
its.htm (accessed June 20, 2021).

UCSC In-Silico PCR n.d. https://genome.ucsc.edu/cgi-
bin/hgPcr (accessed June 20, 2021).

The LDLR gene homepage - Global Variome shared
LOVD n.d. https://databases.lovd.nl/shared/genes/
LDLR (accessed June 23, 2021).

Bianconi V, Banach M, Pirro M. Why patients with fa-
milial hypercholesterolemia are at high cardiovascular
risk? Beyond LDL-C levels. Trends Cardiovasc Med
2020;31:205-15. DOI: 10.1016/j.tcm.2020.03.004
Kramer A, Jansen ACM, Van Aalst-Cohen ES, Tanck
MWT, Kastelein JJP, Zwinderman AH. Relative risk
for cardiovascular atherosclerotic events after smok-
ing cessation: 6-9 Years excess risk in individuals with
familial hypercholesterolemia. BMC Public Health
2006;6:262. DOIL: 10.1186/1471-2458-6-262

Loépez G, Bernal LM, Gelvez N, Gomez LF, Nova A,
Sanchez Al, et al. Mutational analysis of the LDLR
gene in a cohort of Colombian families with familial
hypercholesterolemia. Atherosclerosis 2018;277:434-
9. DOI: 10.1016/j.atherosclerosis.2018.08.052

. Paththinige CS, Rajapakse JRDK, Constantine GR,

Sem KP, Singaraja RR, Jayasekara RW, et al. Spectrum
of low-density lipoprotein receptor (LDLR) mutations
in a cohort of Sri Lankan patients with familial hyper-
cholesterolemia - A preliminary report. Lipids Health
Dis 2018;17:1-7. DOI: 10.1186/s12944-018-0763-z
r$1359242501 (SNP) - Population genetics - Homo_sa-
piens - Ensembl genome browser 104 n.d. https://www.
ensembl.org/Homo_sapiens/Variation/Population?db=
core;r=19:11133036-11134036;v=rs1359242501;vd-
b=variation;vf=390978283 (accessed June 24, 2021).
Search: rs1359242501 - NLM n.d. https://www.ncbi.
nlm.nih.gov/search/all/?term=rs1359242501 (accessed
June 24, 2021).

rs1359242501 - Google search. https://www.google.


https://www.google.com/url?q=https://doi.org/10.1093/eurheartj/eht273&source=gmail-html&ust=1626289160845000&usg=AFQjCNGSIKjVGAMVhDWA9BuDmdHRSVXxHw
https://www.google.com/url?q=https://doi.org/10.1161/JAHA.119.013225&source=gmail-html&ust=1626289160845000&usg=AFQjCNFx8jAU7v3JRPWhE3eiYyJTzepHpw
https://www.google.com/url?q=https://doi.org/10.1161/CIRCULATIONAHA.120.046961&source=gmail-html&ust=1626289160845000&usg=AFQjCNH4qZIEWuKzgwHu4k35hbUZCRkFJQ
https://www.google.com/url?q=https://doi.org/10.1161/CIRCULATIONAHA.120.046961&source=gmail-html&ust=1626289160845000&usg=AFQjCNH4qZIEWuKzgwHu4k35hbUZCRkFJQ
https://www.google.com/url?q=https://doi.org/10.3389/fgene.2020.574474&source=gmail-html&ust=1626289160845000&usg=AFQjCNFo8l-DwfnuKcqPw3JmMBJE09beyg
https://www.google.com/url?q=https://doi.org/10.3389/fgene.2020.574474&source=gmail-html&ust=1626289160845000&usg=AFQjCNFo8l-DwfnuKcqPw3JmMBJE09beyg
https://www.google.com/url?q=https://doi.org/10.1001/jama.2017.8543&source=gmail-html&ust=1626289160845000&usg=AFQjCNFD951yJVRNpspLd1byd4wW9wAilg
https://www.google.com/url?q=https://www.fhscore.eu/%23/fhQuestionnaire&source=gmail-html&ust=1626289160845000&usg=AFQjCNEvotjx5iiJ79j2AZ8peiuC1v9ZlQ
https://www.google.com/url?q=https://www.fhscore.eu/%23/fhQuestionnaire&source=gmail-html&ust=1626289160845000&usg=AFQjCNEvotjx5iiJ79j2AZ8peiuC1v9ZlQ
https://www.google.com/url?q=https://doi.org/10.1093/bioinformatics/bty036&source=gmail-html&ust=1626289160845000&usg=AFQjCNGASjtqd43bMI6Zp9iWdnbrmlZcNA
https://www.google.com/url?q=https://doi.org/10.1093/bioinformatics/bty036&source=gmail-html&ust=1626289160845000&usg=AFQjCNGASjtqd43bMI6Zp9iWdnbrmlZcNA
https://www.google.com/url?q=https://genetools.org/SNPCheck/credits.htm&source=gmail-html&ust=1626289160845000&usg=AFQjCNF-y_L4PNnFR7GWEAz0Kq2RE4Vp1Q
https://www.google.com/url?q=https://genetools.org/SNPCheck/credits.htm&source=gmail-html&ust=1626289160845000&usg=AFQjCNF-y_L4PNnFR7GWEAz0Kq2RE4Vp1Q
https://www.google.com/url?q=https://genome.ucsc.edu/cgi-bin/hgPcr&source=gmail-html&ust=1626289160845000&usg=AFQjCNECtZntH83iMoIJ5Hzlyt4YmBGDgw
https://www.google.com/url?q=https://genome.ucsc.edu/cgi-bin/hgPcr&source=gmail-html&ust=1626289160845000&usg=AFQjCNECtZntH83iMoIJ5Hzlyt4YmBGDgw
https://www.google.com/url?q=https://databases.lovd.nl/shared/genes/LDLR&source=gmail-html&ust=1626289160845000&usg=AFQjCNH4zYxoH_OT-UDP2xb_YXX6BoDX5w
https://www.google.com/url?q=https://databases.lovd.nl/shared/genes/LDLR&source=gmail-html&ust=1626289160845000&usg=AFQjCNH4zYxoH_OT-UDP2xb_YXX6BoDX5w
https://www.google.com/url?q=https://doi.org/10.1016/j.tcm.2020.03.004&source=gmail-html&ust=1626289160845000&usg=AFQjCNGP4uGPsBGBVpDJCefLw4JWFsohmQ
https://www.google.com/url?q=https://doi.org/10.1186/1471-2458-6-262&source=gmail-html&ust=1626289160845000&usg=AFQjCNF67_RAcPiDjZtrOcpHY00-RiTOHA
https://www.google.com/url?q=https://doi.org/10.1016/j.atherosclerosis.2018.08.052&source=gmail-html&ust=1626289160846000&usg=AFQjCNHvGiqPdJMGGA3DM0mDcmCM0Ocu2w
https://www.google.com/url?q=https://doi.org/10.1186/s12944-018-0763-z&source=gmail-html&ust=1626289160846000&usg=AFQjCNGazEEJcZujBG_XtrFfihmXH7UXpg
https://www.google.com/url?q=https://www.ensembl.org/Homo_sapiens/Variation/Population?db%3Dcore;r%3D19:11133036-11134036;v%3Drs1359242501;vdb%3Dvariation;vf%3D390978283&source=gmail-html&ust=1626289160846000&usg=AFQjCNFUHUk3SNx7ZeUcmZYsjvxFvbWl0Q
https://www.google.com/url?q=https://www.ensembl.org/Homo_sapiens/Variation/Population?db%3Dcore;r%3D19:11133036-11134036;v%3Drs1359242501;vdb%3Dvariation;vf%3D390978283&source=gmail-html&ust=1626289160846000&usg=AFQjCNFUHUk3SNx7ZeUcmZYsjvxFvbWl0Q
https://www.google.com/url?q=https://www.ensembl.org/Homo_sapiens/Variation/Population?db%3Dcore;r%3D19:11133036-11134036;v%3Drs1359242501;vdb%3Dvariation;vf%3D390978283&source=gmail-html&ust=1626289160846000&usg=AFQjCNFUHUk3SNx7ZeUcmZYsjvxFvbWl0Q
https://www.google.com/url?q=https://www.ensembl.org/Homo_sapiens/Variation/Population?db%3Dcore;r%3D19:11133036-11134036;v%3Drs1359242501;vdb%3Dvariation;vf%3D390978283&source=gmail-html&ust=1626289160846000&usg=AFQjCNFUHUk3SNx7ZeUcmZYsjvxFvbWl0Q
https://www.google.com/url?q=https://www.ncbi.nlm.nih.gov/search/all/?term%3Drs1359242501&source=gmail-html&ust=1626289160846000&usg=AFQjCNGahIK4xO4P-8BOMeqzhPMX8jF1AQ
https://www.google.com/url?q=https://www.ncbi.nlm.nih.gov/search/all/?term%3Drs1359242501&source=gmail-html&ust=1626289160846000&usg=AFQjCNGahIK4xO4P-8BOMeqzhPMX8jF1AQ
https://www.google.com/url?q=https://www.google.com/search?q%3Drs1359242501&source=gmail-html&ust=1626289160846000&usg=AFQjCNFopHsiFRNVWXEe-mQP3I-1xDTtEg

18.

19.

20.

21.

22.

Revista Romdna de Medicina de Laborator Vol. 29, Nr. 3, Iulie, 2021

com/search?q=rs1359242501 (accessed June 24,2021).
VCV000183138.6 - ClinVar - NCBI n.d. https:/www.
ncbi.nlm.nih.gov/clinvar/variation/183138/#id_second
(accessed June 24, 2021).

De Oliveira F, Berretta J, De Almeida Junior G, De
Almeida S, Chen E, Smith M, et al. Pharmacogenet-
ic analyses of variations of measures of cardiovascu-
lar risk in Alzheimer’s dementia. Indian J Med Res
2019;150:261-71. DOIL: 10.4103/ijmr.JJMR 1209 17
VCV000200916.5 - ClinVar - NCBI n.d. https:/www.
ncbi.nlm.nih.gov/clinvar/variation/200916/  (accessed
June 24, 2021).

Ekrami M, Torabi M, Ghafouri-Fard S, Mowla J, Sol-
tani BM, Hashemi-Gorji F, et al. Genetic analysis of
Iranian patients with familial hypercholesterolemia.
Iran Biomed J 2018;22:117-22.

Komarova TY, Korneva VA, Kuznetsova TY, Golovina
AS, Vasilyev VB, Mandelshtam MY. Familial hyper-
cholesterolemia mutations in Petrozavodsk: No simi-

23.

24.

25.

26.

325

larity to St. Petersburg mutation spectrum. BMC Med
Genet 2013;14:1-5. DOI: 10.1186/1471-2350-14-128
VCV000252262.5 - ClinVar - NCBI n.d. https:/www.
ncbi.nlm.nih.gov/clinvar/variation/252262/ (accessed
June 24, 2021).

Chiang HL, Wu JY, Chen YT. Identification of func-
tional single nucleotide polymorphisms in the branch-
point site. Hum Genomics 2017;11:1-6. DOIL: 10.1186/
s40246-017-0122-6

Safarova MS, Satterfield BA, Fan X, Austin EE, Ye
Z, Bastarache L, et al. A phenome-wide association
study to discover pleiotropic effects of PCSK9, APOB,
and LDLR. Npj Genomic Med 2019;4. DOI: 10.1038/
s41525-019-0078-7

Reeskamp LF, Tromp TR, Defesche JC, Grefhorst A,
Stroes ES, Hovingh GK, et al Next-generation sequenc-
ing to confirm clinical familial hypercholesterolemia.
Eur J Prev Cardiol. 2020 Jul 27:2047487320942996.
DOI: 10.1177/2047487320942996


https://www.google.com/url?q=https://www.google.com/search?q%3Drs1359242501&source=gmail-html&ust=1626289160846000&usg=AFQjCNFopHsiFRNVWXEe-mQP3I-1xDTtEg
https://www.google.com/url?q=https://www.ncbi.nlm.nih.gov/clinvar/variation/183138/%23id_second&source=gmail-html&ust=1626289160846000&usg=AFQjCNECEoVa-Dbi-vuvcYAcPMtN0Gv9pQ
https://www.google.com/url?q=https://www.ncbi.nlm.nih.gov/clinvar/variation/183138/%23id_second&source=gmail-html&ust=1626289160846000&usg=AFQjCNECEoVa-Dbi-vuvcYAcPMtN0Gv9pQ
https://www.google.com/url?q=https://doi.org/10.4103/ijmr.IJMR_1209_17&source=gmail-html&ust=1626289160846000&usg=AFQjCNFPRKSfMmLdW4NNXoujqgso3rSBXA
https://www.google.com/url?q=https://www.ncbi.nlm.nih.gov/clinvar/variation/200916/&source=gmail-html&ust=1626289160846000&usg=AFQjCNGaWxJeDfKVtBr0WJoFejxsmOPVUA
https://www.google.com/url?q=https://www.ncbi.nlm.nih.gov/clinvar/variation/200916/&source=gmail-html&ust=1626289160846000&usg=AFQjCNGaWxJeDfKVtBr0WJoFejxsmOPVUA
https://www.google.com/url?q=https://doi.org/10.1186/1471-2350-14-128&source=gmail-html&ust=1626289160846000&usg=AFQjCNHSALwkl2kPYgHM-jKgYTGXuy38tA
https://www.google.com/url?q=https://www.ncbi.nlm.nih.gov/clinvar/variation/252262/&source=gmail-html&ust=1626289160846000&usg=AFQjCNG5nrNca9jdq8zYUEJIeU0TuZcTuA
https://www.google.com/url?q=https://www.ncbi.nlm.nih.gov/clinvar/variation/252262/&source=gmail-html&ust=1626289160846000&usg=AFQjCNG5nrNca9jdq8zYUEJIeU0TuZcTuA
https://www.google.com/url?q=https://doi.org/10.1186/s40246-017-0122-6&source=gmail-html&ust=1626289160846000&usg=AFQjCNFlpzBZzncn39eznidNJhXWGK19xw
https://www.google.com/url?q=https://doi.org/10.1186/s40246-017-0122-6&source=gmail-html&ust=1626289160846000&usg=AFQjCNFlpzBZzncn39eznidNJhXWGK19xw
https://www.google.com/url?q=https://doi.org/10.1038/s41525-019-0078-7&source=gmail-html&ust=1626289160846000&usg=AFQjCNE1PUilaAkXg_Rt_MCrj4lmHVX8Lg
https://www.google.com/url?q=https://doi.org/10.1038/s41525-019-0078-7&source=gmail-html&ust=1626289160846000&usg=AFQjCNE1PUilaAkXg_Rt_MCrj4lmHVX8Lg
https://www.google.com/url?q=https://doi.org/10.1177/2047487320942996&source=gmail-html&ust=1626289160846000&usg=AFQjCNEZnlU-M9SXvvsUwHSz6EYRTKE2LQ

