& frontiers | Frontiers in Cardiovascular Medicine

@ Check for updates

OPEN ACCESS

EDITED BY
Neil Morgan,

University of Birmingham,
United Kingdom

REVIEWED BY
Radoslaw Debiec,

University of Leicester,

United Kingdom

Jose Krieger,

University of Sdo Paulo, Brazil

*CORRESPONDENCE
Anastasia V. Blokhina
blokhina0310@gmail.com

SPECIALTY SECTION
This article was submitted to
Cardiovascular Genetics and Systems
Medicine,

a section of the journal

Frontiers in Cardiovascular Medicine

RECEIVED 30 June 2022
ACCEPTED 08 August 2022
PUBLISHED 25 August 2022

CITATION

Blokhina AV, Ershova Al, Meshkov AN,
Kiseleva AV, Klimushina MV,

Zharikova AA, Sotnikova EA,
Ramensky VE and Drapkina OM (2022)
Phenotypic vs. genetic cascade
screening for familial
hypercholesterolemia: A case report.
Front. Cardiovasc. Med. 9:982607.
doi: 10.3389/fcvm.2022.982607

COPYRIGHT

© 2022 Blokhina, Ershova, Meshkov,
Kiseleva, Klimushina, Zharikova,
Sotnikova, Ramensky and Drapkina.
This is an open-access article
distributed under the terms of the
Creative Commons Attribution License
(CC BY). The use, distribution or
reproduction in other forums is
permitted, provided the original
author(s) and the copyright owner(s)
are credited and that the original
publication in this journal is cited, in
accordance with accepted academic
practice. No use, distribution or
reproduction is permitted which does
not comply with these terms.

Frontiers in Cardiovascular Medicine

TYPE Case Report
PUBLISHED 25 August 2022
Dol 10.3389/fcvm.2022.982607

Phenotypic vs. genetic cascade
screening for familial
hypercholesterolemia: A case
report

Anastasia V. Blokhina'*, Alexandra |. Ershova?,

Alexey N. Meshkov?, Anna V. Kiseleva?, Marina V. Klimushina?®,
Anastasia A. Zharikova®*, Evgeniia A. Sotnikova?,

Vasily E. Ramensky*® and Oxana M. Drapkina®

!Laboratory of Clinomics, National Medical Research Center for Therapy and Preventive Medicine of
the Ministry of Healthcare of the Russian Federation, Moscow, Russia, ?Laboratory of Molecular
Genetics, National Medical Research Center for Therapy and Preventive Medicine of the Ministry of
Healthcare of the Russian Federation, Moscow, Russia, *Department for the Study of Biochemical
Risk Markers of Chronic Noncommunicable Diseases, National Medical Research Center for
Therapy and Preventive Medicine of the Ministry of Healthcare of the Russian Federation, Moscow,
Russia, *Faculty of Bioengineering and Bioinformatics, Lomonosov Moscow State University,
Moscow, Russia, °*Laboratory of Genomic and Medical Bioinformatics, National Medical Research
Center for Therapy and Preventive Medicine of the Ministry of Healthcare of the Russian Federation,
Moscow, Russia, ®Department of Fundamental and Applied Aspects of Obesity, National Medical
Research Center for Therapy and Preventive Medicine of the Ministry of Healthcare of the Russian
Federation, Moscow, Russia

One of the most common autosomal dominant disorders is familial
hypercholesterolemia (FH), causing premature atherosclerotic cardiovascular
diseases and a high risk of death due to lifelong exposure to elevated
low-density lipoprotein cholesterol (LDL-C) levels. FH has a proven arsenal of
treatments and the opportunity for genetic diagnosis. Despite this, FH remains
largely underdiagnosed worldwide. Cascade screening is a cost-effective
method for the identification of new patients with FH and the prevention of
cardiovascular diseases. It is usually based only on clinical data. We describe
a 48-year-old index patient with a very high LDL-C level without controlled
guidelines-based medication, premature atherosclerosis, and a rare variant
in the low-density lipoprotein receptor (LDLR) gene. Phenotypic cascade
screening identified three additional FH relatives, namely the proband’s
daughter, and two young grandsons. The genetic screening made it possible to
rule out FH in the proband’s younger grandson. This clinical case demonstrates
that genetic cascade screening is the most effective way of identifying new FH
cases. We also first described in detail the phenotype of patients with a likely
pathogenic variant LDLR-p.K223_D227dup.
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Introduction

One of the most common autosomal dominant disorders
is familial hypercholesterolemia (FH) (1-3), causing premature
atherosclerotic cardiovascular diseases and a high risk of death
due to lifelong exposure to elevated low-density lipoprotein
cholesterol (LDL-C) levels (4). The genetic basis of FH
is well understood and in the vast majority of cases are
variants in one of the three genes: low-density lipoprotein
receptor gene (LDLR), apolipoprotein B gene (APOB), and
proprotein convertase subtilisin/kexin type 9 gene (PCSK9) (1).
Highly effective lipid-lowering therapy (LLT) and extracorporeal
methods of FH treatment (apheresis) are currently available (4).
Despite this, FH remains largely underdiagnosed worldwide (5).

Cascade screening is a mechanism for identifying people
with a genetic condition by the process of systematic family
members examination using phenotypic or genetic strategy
(6). It is a cost-effective method for the identification of new
patients with FH and the prevention of cardiovascular disease, as
highlighted in the major international guidelines (4-7). Genetic
testing is recommended in international guidelines to confirm
the FH, but it is not obligated and the diagnosis of FH is usually
based only on clinical data (the phenotypic strategy) (4-8).
However, if the FH can be diagnosed by clinical data, what are
the benefits of genetic testing?

Here, we demonstrate the role of genetic screening
for FH in real clinical practice and describe a case of a
48-year-old index patient with premature atherosclerosis and a
very high LDL-C level without controlled guidelines-based
identified a likely
pathogenic LDLR variant. Phenotypic and then genetic

medication.  Genetic testing rare
cascade screening confirmed heterozygous FH (HeFH) in
proband’s daughter with the same LDLR variant. Phenotypic
screening suggested HeFH in two probands grandsons,
whereas the genetic screening made it possible to rule out
FH in the younger grandson. We also first described in
detail the phenotype of patients with a likely pathogenic
variant ~LDLR:  hgl9:chr19:11216249_11216263dup,  or
NM_000527.5:c.667_681dup, NP_000518.1:p.K223_D227dup
at the protein level. We observed segregation of this variant in

three generations.

Case description

Materials and methods

Subjects

Three-generation family (a 48-year-old woman (the
index patient), the probands pregnant 30-year-old daughter
(gestational age —3.5 weeks), and two grandsons (ten and

four-year-old) presented to the Lipid Clinic (National Medical
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Research Center for Therapy and Preventive Medicine, Moscow,
Russia) in October 2020.

Genetic analyses

Using the QIAamp DNA Blood Mini Kit (Qiagen, Hilden,
Germany), DNA extraction was performed. DNA concentration
was measured on a Qubit 4.0 (Thermo Fisher Scientific,
Waltham, MA, USA). The libraries for the NGS custom panel
were done with the SeqCap EZ Prime Choice Library kit (Roche,
Basel, Switzerland). This panel included exon sequences of
the LDLR, APOB, PCSK9, and LDLRAPI genes, as well as
other genes, associated with lipid metabolism disorders (ABCA1I,
ABCG5, ABCGS8, ANGPTL3, APOAI, APOA5, APOC2, APOC3,
APOE, CETP, GPDI1, GPIHBP1, LCAT, LIPC, LIPI, LMFI,
LPL, MTTP, SARIB, STAP1, USFI). Next-generation sequencing
(NGS) was performed on the Nextseq 550 (Illumina, San Diego,
CA, USA). All stages of sequencing were carried out according
to the manufacturer’s protocols.

After the bioinformatic analysis .bam and .vcf files were
generated. For clinical interpretation only variants with minor
allele frequency (MAF) <0.01% in the Genome Aggregation
Database (gnomAD; http://gnomad.broadinstitule.org) were
analyzed according to the American College of Medical
Genetics and Genomics/Association for Molecular Pathology
(ACMG/AMP2015) guidelines and according to the Clinical
Genome Resource (ClinGen) guidelines for LDLR variant
classification (9, 10).

The validation of variants was done by Sanger sequencing on
the Applied Biosystem 3,500 Genetic Analyzer (Thermo Fisher
Scientific, Waltham, MA, USA).

Results

Phenotypic cascade screening of the proband
and first-degree relatives

A 48-year-old woman presented to the Lipid Clinic in
October 2020 with severe hypercholesterolemia. The first blood
test for total cholesterol (TC) was done in 2014 (the TC value
was about 10 mmol/L) and irregular LLT (rosuvastatin 20 mg
daily) was started. In February 2020 TC was 11.46 mmol/L
(without LLT). The patient continued rosuvastatin 20 mg daily
(LDL-C was 7.81 mmol/L). At the time of the visit, the patient’s
medications included rosuvastatin 20 mg daily and evolocumab
140 mg per 2 weeks (LDL-C was 3.92 mmol/L).

The patient had been smoking for 5 years and also had
a history of early menopause. At a physical examination, she
had obesity (height 164 cm, weight 84kg, and body mass
index 31.2 kg/m?), bilateral Achilles tendons xanthomas, and
xanthelasmas, but not corneal arcus. She also had carotid
(duplex ultrasound showed 25-30% stenoses of both carotid
bifurcations), femoral (20-25% stenoses of left common femoral
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and left popliteal arteries), and coronary atherosclerosis (the
Agatston score was 252.83). The echocardiography showed
aortic valve calcification.

The patients father had two strokes, with the first event
occurring at the age of 55, and died of myocardial infarction at
the age of 70. Father’s TC levels are unknown. Proband’s mother
is 69-year-old. According to oral communication provided
by the proband, her TC is not high, although the lipid
profile is not available. TC levels had also not been measured
in the patient’s 30-year-old daughter and two grandsons
(ten and four-year-old).

Given severe hypercholesterolemia, family history, and
examination, the proband has a “definite” diagnosis of HeFH (14
points according to the Dutch Lipid Clinic Network (DLCN))
(11). Thus, HeFH was diagnosed in the proband by clinical
data. The presence of FH in a proband indicates the need
for phenotypic cascade screening in first-degree relatives. We
invited the patient’s 30-year-old daughter for examination. She
had no xanthomas, xanthelasmas, or corneal arcus, but she
had already had peripheral atherosclerosis (duplex ultrasound
showed 15-20% stenosis of the right common femoral artery).
She also had a high LDL-C level (9.81 mmol/L) but had never
taken a LLT (Figure 1A). Therefore, probands daughter also
had a “definite” diagnosis of HeFH (10 points according to
the DLCN).

Genetic cascade screening of the proband and

the proband’s daughter

the 2019
Atherosclerosis

of
Society  guidelines

According  to European  Society
Cardiology/European
for the management of dyslipidaemias, a patient with a clinical
FH diagnosis is recommended to undergo molecular genetic
testing (recommendations class I, evidence level C) to identify
pathogenic or likely pathogenic variants in the LDLR, APOB, or
PCSK9 (4).

In the index patient, a total of 89 variants were identified.
Of these, only two variants (duplication and missense) had MAF
<0.01% and changed the gene amino acid sequence (Table 1).

One of the variants is a heterozygous missense variant in
ABCGS5: hgl19:chr2:44059195G>C, NM_022436.3:¢.293C>G,
NP_071881.1:p.A98G, rs145164937. According to the
ACMG/AMP2015 guidelines, this variant has two evidences of
pathogenicity: MAF <0.01% in gnomAD (PM2) and multiple
in silico predictions as deleterious (PP3). Thus, this variant can
be classified as uncertain significance.

At the the had a
heterozygous likely pathogenic duplication in LDLR:
chr19:11216249_11216263dup, NM_000527.5:c.667_681dup,
NP_000518.1:p.K223_D227dup. The validation of this variant
was done by Sanger sequencing (Figure 2). This variant was

same  time, proband

also confirmed in the proband’s daughter by Sanger sequencing.
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The observed criteria of pathogenicity according to the
ACMG/AMP2015 are PM4, PM2, PP1, and PP5 (9).

Phenotypic cascade screening of the
second-degree relatives

Considering the presence of HeFH in the proband’s
daughter, we analyzed the probands grandson’s lipid profile
(Figure 1A).

For the diagnosis of FH in the proband’s grandsons, the
pediatric diagnostic criteria should be used (13). The eldest
grandson has a very high LDL-C level and FH can be diagnosed
by clinical data (LDL-C level and family history). The younger
grandson’s LDL-C level is not very high, but the positive
genetic testing of his mother may suggest HeFH (LDL-C
level >3.5 mmol/L).

Genetic cascade screening of the
second-degree relatives

The same LDLR variant was verified in elder proband’s
grandson by Sanger sequencing. Despite that phenotypic
screening suggested HeFH in two probands grandsons, the
genetic screening made it possible to rule out FH in the younger
grandson (Figure 1B).

Personalized treatment and recommendations

Considering HeFH and additional risk factors, the proband
has a very high cardiovascular risk. The LDL-C target level
is less than 1.4 mmol/L. After 1 month of high-intensity
statin therapy (rosuvastatin 40mg daily) with ezetimibe
10mg daily and the injection of evolocumab (140mg per
2 weeks), she achieved the LDL-C target level (LDL-C
1.29 mmol/L).

The proband’s daughter needs high-intensity statin therapy
and her LDL-C target level is less than 1.8 mmol/L.
However, she is currently pregnant. LLT should not be given
during pregnancy or during the breastfeeding period (4).
Therefore, we are going to initiate the LLT after the end
of breastfeeding.

The probands elder grandson was sent for further
examination to a specialized pediatric department. He should be
educated to adopt a proper diet and treated with a statin. His
LDL-C target should be <3.5 mmol/L (4, 13).

We diet
dynamic monitoring of LDL-C level for the probands
NGS of
the lipid metabolism disorder genes and determination
risk LDL-C
considered.  Finally, recommended
HeFH of the future child of the probands daughter after
his birth.

recommended a  lipid-lowering and

younger grandson. For future perspectives,

of polygenic for level may be

scores

we screening  for
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FIGURE 1

Phenotypic (A) and genetic (B) cascade screening. According to phenotypic screening, the younger grandson has HeFH [black-filled square (A)],
in relation to genetic screening, he is healthy [white square (B)]. Circles represent females, squares indicate males, and diamond is pregnancy
(unknown gender). Black-filled symbols show FH phenotype, gray symbols point to members with an unknown phenotype, and white symbols
are healthy family members. Slashes indicate deceased members. +/— or -/- represent heterozygous or wild-type of LDLR-p.K223_D227dup
variant. The index patient (II-1) is marked with an arrow. LDL-C, low-density lipoprotein cholesterol; P, pregnancy.
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TABLE 1 Two Two rare variants with MAF < 0.01% identified in the proband.

Gene Genomic Transcript; DNA
coordinates (hg19) change; Protein
change
LDLR chr19:11216249_11216263dup NM_000527.5;
€.667_681dup;
p-K223_D227dup
ABCG5 chr2:44059195G>C NM_022436.3; ¢.293C>G;

p-A98G

10.3389/fcvm.2022.982607

dbSNP gnomAD ACMG
ID MAF interpretation
(v.2.1.1)
Likely pathogenic
(PM4, PM2, PP1, PP5)
15145164937 0.002253 Variant of uncertain

significance (PM2,
PP3)

ACMG, American College of Medical Genetics and Genomics; gnomAD, Genome Aggregation Database; MAF, minor allele frequency.

Discussion

Familial hypercholesterolemia is one of the most common
monogenic disorders with underestimated real prevalence. The
meta-analyses of 2020 showed that the prevalence of HeFH in
the general population is one in 313 (14). A recent population
study in Russia showed the prevalence of HeFH is one
in 173 (15).

In patients with FH cumulative LDL-C exposure is the
leading cause of premature cardiovascular events (16). Hence,
early identification of FH and its treatment with highly effective
and safe LLT is necessary. Nevertheless, despite the high
prevalence, the presence of diagnostic criteria, as well as
the availability of NGS, and effective methods for reducing
LDL-C levels, FH remains underdiagnosed and undertreated
worldwide (5).

Here, we presented a three-generation family, where we
identified HeFH by both phenotypic and genetic cascade
screening in the proband’s family members.

Using phenotypic cascade screening we confirmed HeFH
by clinical data at the proband, the proband’s daughter, and
grandsons. The younger grandson’s LDL-C level is not very
high, but based on the positive genetic testing of his mother
we may suggest HeFH. However, the genetic screening allowed
to rule out FH in the younger grandson. Given FH at the
proband’s daughter, her future child also has a 50% probability
of inheriting FH.

Using NGS we identified a rare LDLR duplication variant
p-K223_D227dup with segregation in two proband’s relatives.
According to the ClinGen 2021 guidelines for LDLR variant
classification, the duplication meets two moderate criteria,
such as absence in the gnomAD (PM2) and segregation
with phenotype in three informative meioses (PP1_Moderate).
Besides, this variant was found in two unrelated FH cases
(PS4_Supporting) (17) and also identified in a patient with FH
diagnosis based on validated clinical criteria, after alternative
causes of high cholesterol, were excluded (PP4). Therefore,
p-K223_D227dup can be classified as likely pathogenic. This
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variant has not been previously described in patients with
FH in the European population (18). The identification and
interpretation of pathogenicity of new or rare FH-associated
variants supplement the knowledge about the spectrum of FH
variants. We also first described in detail the phenotype of
patients with p.K223_D227dup based on segregation in three
generations. This made it possible to increase the segregation
level of pathogenicity from supporting to moderate.

Cascade screening is the step-by-step identification of
patients with a monogenic disease among the proband’s first-
, second-, and, when possible, third-degree relatives. There are
two strategies for cascade screening of the proband’s relatives:
phenotypic and genetic (6).

Considering a phenotypic strategy, FH can be based
on clinical data, using the DLCN criteria (11), the Simon
Broome Register Diagnostic Criteria (19), the biochemical
criteria for diagnosis of the proband’s relatives (8), and
the criteria of FH in children (13). Genetic testing is also
recommended in international guidelines to confirm the FH
and conduct cascade screening (4-8). However, if the FH
can be diagnosed by clinical data, what are the benefits of
genetic testing?

Firstly, genetic testing helps to confirm the genetic
basis of the disease and clarify the cardiovascular risk
stratification. In this case, the positive genetic testing results
for the proband, the probands daughter, and especially
for the probands elder grandson may suggest a greater
risk of developing cardiovascular events compared with a
clinical FH phenotype without an established monogenic
etiology. This statement has been noted in a number of
studies (20, 21). Furthermore, the gene type and even the
pathogenic variant type can affect an individual’s LDL-C
level and consequently the risk of developing premature
coronary and peripheral atherosclerosis (7). In a number of
studies, it has been noted that LDLR pathogenic variants
carriers have a greater level of LDL-C compared to APOB
or PCSK9 variants (22). In this case, all positive LDLR
variant patients had a very high LDL-C level. The LDL-C
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level of the 10-year-old male was almost comparable to his
30-year-old mother.

Besides this, cardiovascular risk in patients with FH is
considered manageable. Using genetic testing not only does
not decrease perceptions of control over FH, cholesterol levels,
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or cardiovascular diseases but on the contrary, leads to more
positive patient perceptions of FH (23, 24). It means that
patients feel personally responsible for managing their health.
Patients consider that FH genetic testing is very important
and, regardless of the result, are ready to recommend genetic
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screening to their family members, which, in turn, can help to
improve FH diagnosis (24). In this case, all available proband’s
relatives underwent genetic screening.

A meta-analysis of 17 studies performed in 2016 did not
show any significant behavioral changes in smoking, physical
activity, or dietary intake before and after the genetic testing.
However, only one study of patients with FH was included in this
meta-analysis (25). On the other hand, several studies of patients
with FH showed other behavioral changes, such as changes in the
perception of the most effective way to achieve LDL-C level. The
patients with pathogenic variants consider their disease more
accurately, with increased motivation to take LLT (23, 24). In this
work after the positive genetic testing results, the proband began
to take all prescribed LLT and achieved LDL-C targets. The
early diagnosis is associated with appropriate treatment, lifestyle
modifications, and in turn better prognosis. However, children
have a silent presentation of FH and phenotypic screening alone
is not enough. For examination of children and adolescents,
it is not often possible to identify such phenotypic markers as
xanthomas, corneal arcus, arteries atherosclerotic changes, or
premature cardiovascular events (13, 26).

Genetic testing in childhood and adolescence, in a period
of the formation of healthy lifestyle habits, is essential for
ensuring long-term adherence and can contribute to the
primary prevention of cardiovascular diseases. Starting FH
treatment from a young age, and being surrounded by other
family members during treatment, facilitates adherence and has
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particular importance in the treatment of FH (27). Children with
FH variant are more understanding of their genetic disease basis.
Furthermore, FH carrier children demonstrate high feelings of
control over their disease (28).

Characterization of genetic cascade screening benefits is
presented in Figure 3.

It is important to note that FH variants are verified only in
20-80% of patients with HeFH phenotype and at the same time
the negative genetic testing results do not rule out a diagnosis of
FH (29, 30). In this case, the genetic screening allowed to exclude
the presence of LDLR variant p.K223_D227dup in the younger
grandson. It is likely that his elevated LDL-C level is due to diet.
Even with a negative FH genetic analysis, it is always necessary
to remember about other lipid metabolism genetic disorders or
that some patients with the typical FH phenotype may have
a polygenic etiology of hypercholesterolemia (31). Targeted,
exome or even genome sequencing, as well as genetic risk scores,
may help to establish the reason for hypercholesterolemia. This
highlights the unique role of genetic testing in the personalized
medicine era.

Conclusion

the the
availability of NGS, and effective methods for reducing
LDL-C the

In summary, given high FH prevalence,

levels, genetic cascade screening is most
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reliable, effective, and expedient method of personalized
medicine for identifying new FH cases, including children
and adolescents at the preclinical stage. This helps to
stratification, and carry

clarify the cardiovascular risk

out targeted preventive measures, including lifestyle,
cardiovascular risk factors correction, and early initiation
of intensive LLT to achieve LDL-C targets and prevent the
development of cardiovascular events. In unclear phenotypes,
especially in children, genetic screening may help to rule

out FH.
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The datasets presented in this study can be found in
online repositories. The names of the repository/repositories
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