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Familial hypercholesterolemia is a severe hereditary disease leading to the development of atherosclerosis and its 
complications in the form of angina pectoris, myocardial infarction, cerebral stroke, or even leading to sudden death. 
Since the description of the disease, the concept of it has undergone significant evolution. First, it became clear that 
the prevalence of this disease was significantly higher than originally thought (1:300 for heterozygous familial hyper-
cholesterolemia and not as 1:500 as estimated earlier). Secondly, it has been established that it is not based on the 
pathology of the low-density lipoprotein receptor gene alone, but includes at least four monogenic forms (defects of the 
APOB, PCSK9, ARH genes) and may also have a multigenic nature. Thirdly, with the development of DNA analysis 
methods from the initially available Southern hybridization to next generation DNA sequencing, the exceptional mo-
lecular heterogeneity of familial hypercholesterolemia became obvious and, accordingly, the need to establish national 
spectra of mutations leading to the development of familial hypercholesterolemia was established. Researchers have 
moved from characterizing individual mutations to creating national registries and databases. Finally, research into the 
genetics of familial hypercholesterolemia has led to the emergence of new classes of cholesterol-lowering drugs. In  Rus-
sia, molecular diagnostics of familial hypercholesterolemia has also undergone significant changes since the beginning of 
the study of   familial hypercholesterolemia in 1987 and to the present, consideration of these changes formed the basis 
of this review. 
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Семейная гиперхолестеринемия — тяжелое наследственное заболевание, ведущее к развитию атеросклероза 
и его осложнений в виде стенокардии, инфарктов миокарда, мозговых инсультов или даже приводящее к вне-
запной смерти. С момента описания заболевания представление о нем претерпели существенную эволюцию. 
Во-первых, стало очевидно, что распространенность этого заболевания заметно выше, чем исходно предполага-
лось (1 : 300 для гетерозиготной формы, а не 1 : 500, как оценивалось ранее). Во-вторых, установлено, что в его 
основе лежит не патология одного лишь гена рецептора липопротеинов низкой плотности, оно включает, по 
крайней мере, четыре моногенные формы (дефекты генов APOB, PCSK9, ARH) и также может иметь мультиген-
ную природу. В-третьих, с развитием методов анализа ДНК от доступной исходно гибридизации по Саузерну до 
методов секвенирования ДНК нового поколения стала очевидна исключительная молекулярная гетерогенность 
семейной гиперхолестеринемии и, соответственно, определена необходимость установления национальных спек-
тров мутаций, ведущих к ее развитию. От характеристики отдельных мутаций исследователи перешли к созданию 
национальных регистров и баз данных. Наконец, исследование генетики семейной гиперхолестеринемии привело 
к появлению новых классов гипохолестеринемических препаратов. В России молекулярная диагностика также 
претерпела существенные изменения с момента начала изучения семейной гиперхолестеринемии в 1987  г. и по 
настоящее время; рассмотрение этих изменений легло в основу настоящего обзора. 

Ключевые слова: гиперхолестеринемия; молекулярная диагностика; рецептор липопротеинов низкой плот-
ности; заболевания сердечно-сосудистой системы.
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What is the incidence of familial 
hypercholesterolemia in Russia?

FH is the most prevalent hereditary disease in hu-
mans and typically exhibits an autosomal dominant 
type of inheritance. The classical form is associated 
with impaired low-density lipoprotein (LDL) catabo-
lism due to LDL receptor dysfunction or quantitative 
deficiency [1]. This disease has two variants, hetero-
zygous and homozygous, differing in symptom se-
verity. Previously, the incidence of the heterozygous 
form of FH in most populations of the world was es-
timated at 1:500, while that of the homozygous form 
was estimated to be one case per million of patients 
examined [1]. However, studies conducted in indi-
vidual countries using standardized diagnostic crite-
ria have revealed that the incidence of FH in out-
bred populations is substantially higher: 1:219–300 
for the heterozygous form and 1:300,000 for the 
homozygous form [2–4]. In populations where the 
founder effect is substantial, the incidence of FH 
may be even higher, as observed in Johannesburg 
Jews (1:67)  [5], South African Afrikaners (1:76) 
[6–8], French-speaking Canadians (1:270) [9], and 
Lebanese Christians (1:90) [10]. The  exact inci-
dence of FH in Russia remains unknown. According 
to various estimates, the number of patients with 
the heterozygous form of FH in Russia varies 
from 287,000  [11] to 1,300,000 people [12], while 
150–300  people in the country have the homozy-
gous form of FH [11]. The incidence of FH in the 
Tyumen and Kemerovo regions was evaluated as part 
of the largest population study in the modern annals 
of Russia, ESSE-RF (Epidemiology of cardiovascu-
lar diseases and their risk factors in the regions of the 
Russian Federation) [12]. The incidence of reliably 
established FH (definite FH according to the criteria 
of the Dutch Lipid Clinic Network, DLCN) [3, 13] 
(Table 1) was determined in a group of 1630  pa-
tients from the Tyumen region and 1622 patients 
from the Kemerovo region aged 25–64 years, which 
amounted to 0.24% (1 of 407 examined), and that 
of probable FH was 0.68% (1 of 148 examined), 
with the total number of patients with these two 
diagnoses being 0.92% (1 of 108 examined). In this 
study, 40% of FH patients had experienced ischemic 
heart disease because of atherosclerosis, and 23% had 
received statin therapy. In the combined group of 
patients diagnosed with probable or definite FH, the 
odds of developing ischemic heart disease and myo-
cardial infarction were 3.71 (95% CI (confidence 
interval) 1.58–8.72) (p = 0.003) and 4.06 (95% CI 
0.89–18.55) (p = 0.070), respectively, compared to 
patients without FH. These results suggest that the 
FH incidence in Russia may be significantly higher 
than previously believed and that only a small pro-
portion of FH patients are diagnosed and receive 
appropriate treatment. Thus, the FH incidence in 

Russia may be even higher than the average among 
the white races. The necessity of conducting genetic 
studies on the molecular nature of FH in Russia is 
determined by the elevated risk of coronary athero-
sclerosis among FH patients and the potential for 
preventive medical intervention.

Molecular nature of familial 
hypercholesterolemia

In 1938, Muller first characterized FH as an 
“ inborn error of metabolism” that led to high 
blood cholesterol and early myocardial infarctions 
in patients. Muller proposed that FH is a mono-
genic, autosomal dominant disease [14]. Later, in 
the mid-1960s and early 1970s, it was discovered 
that FH clinically exists in two forms: a less severe 
heterozygous form and a more severe homozygous 
form [15].

M. Brown and J. Goldstein [16] demonstrated 
that the primary cause of FH is dysfunction of the 
receptor that extracts LDL from the bloodstream. 
The LDL receptor gene was cloned [17], the initial 
mutations in it were identified, and the LDL re-
ceptor cell cycle was established. After the cloning 
of the apolipoprotein B (APOB) gene in 1985 [18] 
and the identification of a variant known as familial 
defective apolipoprotein B (FDB) in 1989 [19–21], 
it became evident that FH was not restricted to mu-
tations in the receptor gene but necessitated APOB 
gene analysis. It was subsequently determined that 
several variants, located in diverse gene locations, 
contribute to a defective binding of APOB to the 
receptor [22]. However, 95% of all FDB cases are 
linked to a single mutation p.(Arg3527Gln), previ-
ously cited as R3500Q.

In 2001, the autosomal recessive hypercholester-
olemia (ARH) gene [23] was identified, which en-
codes an adapter protein for the LDL receptor that 
facilitates the internalization of the LDL receptor 
that has bound lipoproteins. The PCSK9 gene of 
the subtilisin-kexin type proprotein convertase [24], 
which functions as a chaperone in the intracellular 
transport of the receptor, was cloned in 2003. It was 
discovered that mutations in this gene can result in 
both hypercholesterolemia due to increased recep-
tor degradation and hypocholesterolemia as a result 
of decreased receptor degradation [25, 26]. Fig. 1 
illustrates the interaction scheme of proteins that 
are involved in the removal of LDL from the cir-
culation. In 2013, rare variants of the apolipopro-
tein  E  (APOE) gene were identified in FH patients.

The LDL receptor, a product of the LDLR 
gene, interacts with a single LDL protein, apolipo-
protein  B-100 (APOB-100), a product of the 
APOB  gene. This interaction leads to lipoprotein-
receptor complex uptake, which is facilitated by the 
accessory protein LDLRAP1, a product of the gene 
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Table 1 / Таблица 1

Diagnostic criteria of familial hypercholesterolemia according to Dutch Lipid Clinic Network (DLCN) [3, 13]
Диагностические критерии семейной гиперхолестеринемии по голландской сети липидных клиник  

(Dutch Lipid Clinic Network, DLCN) [3, 13]

Criteria group Symptoms of hypercholesterolemia Points

Amnestic Presence of first-degree relatives with ischemic heart disease up to 55 years of 
age in men, up to 60 years of age in women, or with LDL cholesterol level 
above the 95th percentile in the population

1

Presence of first-degree relatives with tendon xanthomas and/or lipoid corneal 
arcus, or children under 18 years of age with LDL cholesterol level above the 
95th percentile for this population and age

2

Clinical Early ischemic heart disease in a patient (up to 55 years of age in men, up to 
60 years of age in women)

2

Early cerebral or peripheral vascular disorders in a patient (up to 55 years of age 
in men, up to 60 years of age in women) 

1

Examination data Presence of tendon xanthomas 6

Presence of lipoid corneal arcus under age 45 4

Biochemical LDL cholesterol level ≥8.5 mmol (328 mg/dL) 8

LDL cholesterol level 6.5–8.4 mmol (251–327 mg/dL) 5

LDL cholesterol level 5.0–6.4 mmol (193–250 mg/dL) 3

LDL cholesterol level 4.0–4.9 mmol (155–192 mg/dL) 1

Genetic Pathogenic mutation in one of the LDLR, APOB, or PCSK9 genes 8

N o t e: LDL — low-density lipoproteins. The diagnosis of familial hypercholesterolemia is considered definite in case of 
the score of 8 or more; probable if the score is 6 to 8; possible if the score is 3 to 5; and unlikely if the score is 2 or less. 
Only one point from each category is used for the calculation. For example, if a patient under 45 years of age has both 
tendon xanthomas and lipoid corneal arcus, the score for these examinations is taken as 6.

Fig. 1. Interactions of proteins involved in LDL uptake from bloodstream. LDL — low-density lipoprotein; LDLR — low-
density lipoprotein receptor
Рис. 1. Взаимодействия белков, участвующих в захвате липопротеинов низкой плотности из кровотока. ЛНП  — 
липопротеины низкой плотности; РЛНП — рецептор липопротеинов низкой плотности
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of the same name, also known as ARH. The PCSK9 
protein serves as a molecular chaperone for this 
complex. An  autosomal dominant form of hyper-
cholesterolemia is caused by receptor dysfunction 
due to mutations in its gene or impaired binding 
to the ligand due to mutations in the APOB gene. 
Dominant mutations in the PCSK9 gene result in an 
increase in affinity for the receptor, LDL receptor 
degradation in lysosomes, and prevent its return to 
the cell surface, leading to the development of FH. 
Mutations in the LDLRAP1 (ARH) gene are linked 
to the development of an autosomal recessive form 
of hypercholesterolemia.

The ClinVar database currently contains 4,127 cli-
nically significant variants associated with FH inci-
dence for the LDLR gene. Of these, 1,422  variants 
were classified as pathogenic mutations and 875 vari-
ants were classified as likely pathogenic. The re-
maining variants were considered benign variants or 
variants of uncertain clinical significance. According 
to the same database, the PCSK9 gene contains 
25  pathogenic and 10 likely pathogenic variants, 
while the LDLRAP1 gene contains 40 pathogenic 
and 15 conditionally pathogenic variants. The  pur-
pose of providing these figures is to illustrate the 
extremely high level of heterogeneity in FH.

The APOE gene variants, which were recently 
identified in the context of FH research, should be 
individually discussed. A small number of APOE gene 
variants are associated with FH development. These 
include the c.500_502delTCC/[p.(Leu167del)] vari-
ant, which is associated with FH in a large French 
family [27], and the [p.(Arg163Cys)] variant, which 
was found in a homozygous state in a 9-year-old 
boy and his heterozygous mother in a Canadian 
family of Italian origin [28] [29]. Another 7 APOE 
variants [p.(Glu21Lys), p.(Leu46Pro), p.(Gln99Lys), 
p.(Pro102Arg), p.(Arg269Gly), and p.(Leu270Glu)] 
were identified in probands with FH without changes 
in other genes associated with FH. However, no reli-
able evidence of their role in the genesis of the dis-
ease was obtained based on functional tests or fam-
ily analysis [30]. Thus, the APOE gene is evidently 
associated with FH occurrence, but makes only 
a minor contribution to the diversity of its forms. 
The ABCG5/ABCG8 and LIPA genes are potential 
locations for rare mutations in FH [3]. However, it 
has become clear that most cases of FH, in which 
mutations in the aforementioned genes are not iden-
tified, are linked to polygenic heredity, as they imi-
tate monogenic forms of the disease [31].

This is the process by which the modern un-
derstanding of the genetics of FH was established. 
Typically, FH is considered a monogenic disease 
that involves the LDLR, APOB, LDLRAP1, and 
PCSK9 genes, necessitating the analysis of all four of 
these genes for diagnosis. This has become possible 
with the introduction of next generation sequenc-

ing methods into diagnostic practice in 2010–2012, 
enabling whole-exome or whole genome sequencing. 
These methods are also employed to identify nu-
merous intron mutations that can result in splicing 
disorders and a severe clinical phenotype. Moreover, 
80%–85% of FH cases are caused by LDL receptor 
gene mutations. Mutations in the APOB gene are 
responsible for 5%–10% of FH cases, and the rar-
est mutations are those in the PCSK9 gene and in 
the LDL receptor adaptor protein gene LDLRAP1, 
occurring in no more than 1% of patients with the 
disease [3]. The utilization of next-generation se-
quencing methods in Russia was delayed, and FH 
diagnostics employing them commenced in 2019 
[32–35].

The severity of FH is phenotypically and clini-
cally distinct among mutations in the LDLR, APOB, 
LDLRAP1, and PCSK9 genes. Thus, homozygotes 
for the p.(Arg3527Gln) mutation in the APOB 
gene exhibit total plasma cholesterol concentrations 
of 330–420 mg/dL and LDL cholesterol levels of 
260–350 mg/dL [36]. Thus, the phenotypic ex-
pression is significantly less severe than that in ho-
mozygotes for LDL receptor gene mutations with 
cholesterol levels of 600–1200 mg/dl. Heterozygotes 
for this APOB gene mutation exhibit elevated LDL 
cholesterol levels by 60–70 mg/dl; however, they 
are not always diagnosed with FH. Consequently, 
the risk of cardiovascular diseases is highest in FH 
caused by the LDLR gene pathogenic variants and 
substantially lower in patients with APOB gene de-
fects [37]. Additionally, the LDL cholesterol level 
in PCSK9-associated hypercholesterolemia can be 
as elevated as in LDLR-associated hypercholester-
olemia [38].

History of familial hypercholesterolemia studies 
in Russia

In Russia, research related to FH genetics was 
initiated in 1987 (Table 2) and included three stages. 
Initially, FH was diagnosed using only one avail-
able method: Southern hybridization for identifying 
LDLR gene deletions and restriction fragment length 
polymorphism analysis for disease diagnostics, and 
the molecular heterogeneity of the disease was thus 
revealed [39]. At this stage, it was established that 
large-scale LDL receptor gene rearrangements are rare 
in the Russian population; a deletion was observed 
in only one of 50 probands in St. Petersburg  [40]. 
A systematic search for deletions in the LDLR gene 
in 42 patients with FH in Novosibirsk was conducted 
much later [35]. The patients underwent targeted se-
quencing of lipid metabolism genes, and no func-
tionally significant substitutions were detected in the 
LDLR, APOB, and PCSK9 genes using the method 
of multiplex amplification of ligase-linked samples. 
The  search results identified deletions in the LDLR 
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gene in two patients, which is in good agreement 
with the early estimate of the gene deletion fre-
quency in FH in St. Petersburg at  2%. Globally, 
in outbred populations, the LDLR gene deletions in 
FH make up about 8%–10% of all variants of this 
gene [3].

At stage 2, the polymerase chain reaction method 
and Sanger DNA sequencing were employed fol-
lowing manual or automatic analysis of the con-
formational polymorphism of single-stranded DNA 
fragments. An examination of 74 probands diagnosed 
with FH in St. Petersburg, in whom all exons and 
the promoter region of the LDLR gene were stud-
ied, revealed 33 types of mutational changes in the 
LDLR  gene in a total of 59% (44  out of 74) of 
probands. This included 30 mutations that, in our 
opinion, cause the disease in 55% (41 out of 74) of 
families with  FH. This cohort did not exhibit any 
mutations in the APOB gene [41]. Similar studies 
were conducted on populations in Petrozavodsk and 
Moscow. The  Petrozavodsk cohort of 52 patients 
underwent genetic analysis, and 22 probands  (42%) 
were found to have LDLR gene mutations. Of these, 
14 varieties of mutations were suspected to be re-
sponsible for the disease in 14  families (27%) 
[42, 43]. To date, 18 mutations have been iden-
tified in FH patients in Petrozavodsk  [44]. In the 
most extensive study of this period [45], conducted 
in Moscow, 21  LDLR  gene mutations were detect-
ed in 23 of 50  probands with  FH (46%). The  same 
study examined common APOB gene mutations, 
which accounted for a total of 2.6% in a large 

sample of 730 patients with FH in Moscow [45]. 
However, among the variants detected, only the 
p.Arg3527Gln (R3500Q) mutation is definitively 
associated with hypercholesterolemia and results in 
a defective variant in binding to the APOB-100 re-
ceptor (FDB). It was revealed in 14  (1.9%) patients 
with FH [45]. A smaller study [46], which included 
111 patients with a heterozygous form of  FH, re-
vealed that five individuals (4.5%) were carriers of 
R3500Q mutation. During stage  2, in Novosibirsk, 
the coding region of the LDLR gene was sequenced 
in 20  patients aged 45–49 years with the highest 
level of total serum cholesterol in this age group, 
irrespective of family history of the disease  [47]. 
Consequently, seven previously undescribed muta-
tions and 12  known mutations in the LDLR gene 
were discovered. The spectrum of LDLR gene muta-
tions in a population sample of patients with hyper-
cholesterolemia was significantly different from the 
spectrum of mutations in FH patients from clinical 
samples, as demonstrated by this study [47].

Stage 3 involved the utilization of next-gener-
ation sequencing techniques. In Western Siberia, 
80 individuals (60 probands) with heterozygous FH 
underwent targeted high-throughput sequencing to 
investigate the spectrum of rare variants in 43 genes, 
including LDLR, APOB, PCSK9, and LDLRAP1 [35]. 
The targeted gene panel included coding regions and 
adjacent splicing sites of 43 genes, including LDLR, 
APOB, PCSK9, LDLRAP1, CETP, LPL, HMGCR, 
NPC1L1, PPARA, MTTP, LMF1, SAR1B, ABCA1, 
ABCG5, ABCG8, CYP7A1, STAP1, LIPA, PNPLA5, 

Table 2 / Таблица 2

Primary milestones in the study of familial hypercholesterolemia genetics in Russia
Основные вехи изучения генетики семейной гиперхолестеринемии в России

Year Event

1987 Start of genetic studies of familial hypercholesterolemia at the Institute of Experimental Medicine

1989 First report of LDLR gene deletion in Russia [40]

1998 First point mutations of LDLR gene in St. Petersburg [51]

1998 First report of APOB mutation in Russia [73]

2001 First report of LDLR gene mutations in Moscow [74]

2005 Spectrum of LDLR gene mutations in St. Petersburg [41]

2008 Spectrum of LDLR gene mutations in a population sample in Novosibirsk [47]

2009 Spectrum of LDLR and APOB gene mutations in Moscow [45]

2013 Spectrum of LDLR gene mutations in Petrozavodsk [42]

2017 Diagnostics and treatment of familial hypercholesterolemia (Russian recommendations) [72]

2017 Launch of next-generation sequencing for diagnosing familial hypercholesterolemia with the study 
of many genes, including PCSK9 [75]

2020 Summary of LDLR gene variants in Russia [49]

2021 Results of the ESSE-RF study of familial hypercholesterolemia in the regions of Russia [50]
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APOA1, APOA5, APOC2, APOE, LCAT, ANGPTL3, 
LIPC, APOA4, APOC3, SREBF1, LMNA, PPARG, 
PLIN1, POLD1, LPA, SMAD1, SMAD2, SMAD3, 
SMAD4, SMAD5, SMAD6, SMAD7, SMAD9, LIPG. 
Pathogenetically significant variants in genes as-
sociated with FH were identified in 47.5% of the 
examined individuals. Clinically significant variants 
in the LDLR gene were observed in 19 probands 
(73.1% of all variants identified in probands); patho-
genic variants were detected in the APOB gene in 
three probands (11.5%); in four probands (15.4%), 
rare clinically significant variants were identified 
in the LPL, SREBF1, APOC3, and ABCG5 genes. 
Large-scale studies were conducted in Moscow and 
included the study of 63 genes in 52 patients [48]; 
pathogenic variants were revealed in 48% of patients 
(in 24 cases in the LDLR gene and in two cases 
in the APOB gene). In a large cohort of 595 pa-
tients, mutations in LDLR, APOB, and PCSK9 were 
searched using targeted and whole genome sequenc-
ing. However, potentially pathogenic variants were 
not detected in 301 patients out of 595 (50.6%) [34]. 
In St. Petersburg, a comparable study that included 
31 adult patients and 28 children and adolescents 
with definite or possible FH according to DLCN 
criteria identified pathogenic variants in these groups 
in 58% and 89% of cases, respectively [33]. Thus, 
the disease is linked to polygenic heredity, as even 
whole genome sequencing in Russia was unable to 
detect gene mutations in autosomal dominant FH 
in approximately 50% of adult patients with FH. 
At stage  3, reports were published summarizing the 
search results for mutations in the FH genes in 
Russia [34, 44, 49]. During this stage, the study of 
FH genetics was further extended geographically in 
Russia, and individual LDLR gene mutations were 
identified in multiple cities [50, 44].

The success of further research on FH genetics 
in Russia will be determined by several factors, one 
of which is the establishment of a comprehensive 

registry of FH patients in the country. The other 
is the integration of targeted sequencing into the 
mainstream practice of laboratories [44].

The spectrum of mutations in the low-density 
lipoprotein-receptor gene in patients with familial 
hypercholesterolemia in Russia

Currently, it is evident that the founder effect in 
Russia is not manifested in FH in relation to LDLR 
gene mutations. Most pathogenic variants (142 out 
of 203, or 70%) in Russia were identified in sin-
gle families, while only 61 variants were observed 
in two or more families [44]. Only five mutations 
were detected in ten or more families. The variant 
c.478T > G [p.(Cys160Gly)] (rs879254540), first 
described in St. Petersburg [51] and subsequently 
documented in Moscow and Novosibirsk, was 
identified in a total of ten families. This mutation 
is specific to Russia and is considered a Slavic mu-
tation. Deletion c.654_656delTGG [p.(Gly219del)] 
(rs121908027) (14 families) is a variant responsible 
for up to 30% of FH cases in Ashkenazi Jews in 
St. Petersburg [52], as well as globally. Variants 
c.986G > A p.[Cys329Tyr] (rs761954844) (13 fami-
lies), c.1202T > A [p.(Leu401His)] (rs121908038) 
(33  families), c.1775G > A p.[Gly592Glu] 
(rs137929307) (43 families) are widespread among 
people of the Caucasian race and not exclusively 
in Russia [44]. It is important to note that the 
ESSE-RF study only examined the incidence of FH 
in 11 regions of the Russian Federation. Specifically, 
mutations in the LDLR, APOB, and PCSK9 genes 
were searched in patients with verified and prob-
able  FH. The cities of Krasnoyarsk, Vologda, 
Ivanovo, St.  Petersburg, Orenburg, Tomsk, Omsk, 
Petrozavodsk, Vladivostok, Tyumen, and Kemerovo 
were covered [50]. The majority of the LDLR gene 
variants were detected in St. Petersburg, Moscow, 
Novosibirsk, and Petrozavodsk, as the studies were 
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conducted significantly longer and within the con-
text of other programs. Notably, the distribution of 
LDL receptor gene mutations by type in Russian 
FH patients is similar to that of the global popula-
tion (Fig. 2).

The establishment of national databases on ge-
netic variants that cause the disease and on genetic 
polymorphisms of the LDLR gene that are prevalent 
in Russia is a critical component of the research on 
the range of LDLR gene mutations [53, 54].

New hypocholesterolemic drugs that appeared 
during the study of the genetics of familial 
hypercholesterolemia

As the genetics of FH have become more well un-
derstood, new classes of hypocholesterolemic medi-
cations have emerged in addition to the traditional 
treatment of statins, ezetimibe, and bile acid seques-
trants in the intestine. These drugs predominantly 
include monoclonal antibodies against  PCSK9, in-
cluding alirocumab and evolocumab [55]. Alirocumab 
is a human IgG1 antibody that is administered sub-
cutaneously at a dose of 75–150 mg once every two 
weeks or 300 mg once every four weeks. Evolocumab 
is a human IgG2 antibody administered subcutane-
ously at a dose of 140 mg once every two weeks 
or 420 mg once every four weeks. They decrease 
LDL cholesterol levels by 40%–64% when used 
concurrently with statins in heterozygous  FH  [56] 
and achieve a reduction in LDL cholesterol by 
20%–30% in the presence of a non-null allele of 
the LDL receptor gene in homozygous FH [56, 57]. 
Another therapeutic agent is inclisiran, a small inter-
fering RNA that inhibits PCSK9. When administered 
subcutaneously at a dose of 300 mg once every four 
months, inclisiran can reduce LDL cholesterol lev-
els in homozygous FH by 12%–37% [58]. Another 
new hypocholesterolemic drug is bempedoic acid, 
which inhibits ATP citrate lyase in its activated form. 
ATP citrate lyase is involved in liver cholesterol bio-
synthesis at earlier stages than hydroxymethyl-CoA 
reductase, which is inhibited by statins [59, 60]. 
In  patients with heterozygous FH or as monother-
apy, the use of bempedoic acid is recommended in 
conjunction with dietary measures and the maximum 
tolerated dose of statins for the treatment of hyper-
cholesterolemia. Novel drugs for FH treatment also 
include mipomersen, an antisense oligonucleotide to 
the APOB gene mRNA, and lomitapide, an inhibitor 
of microsomal triglyceride transfer protein, which is 
involved in the assembly and secretion of very low-
density lipoproteins in the liver and chylomicrons 
in the intestine [30]. Angiopoietin-like protein 3 
(ANGPTL3) modulates the metabolism of triglyc-
eride-rich lipoproteins predominantly by inhibiting 
lipoprotein lipase [61]. The development of famil-
ial combined hypolipidemia, which is characterized 

by a decrease in the level of LDL and high-density 
lipoproteins, has been demonstrated to be caused 
by mutations in the ANGPTL3 gene due to a loss 
of its function [62]. The human antibody against 
ANGPTL3 (evinacumab [63]) has been demonstrat-
ed to be efficacious in reducing LDL cholesterol by 
23% in individuals with elevated LDL cholesterol. 
Consequently, it is a promising treatment option for 
hypercholesterolemia [64, 65]. This entire collection 
of lipid-lowering drugs can be employed to treat FH, 
depending on the extent of cholesterol increase as-
sociated with mutations in different genes causing 
the disease [66].

Conclusion

Genetic diagnostics of FH is justified, as physi-
cians possess a substantial arsenal of medications that 
are effective in treating the condition. Unfortunately, 
the disease is not consistently diagnosed in Russia, 
and not all patients receive the necessary treatment, 
despite understanding the molecular character of 
the condition [67]. An example is the most recent 
study [50] conducted within the ESSE-RF program, 
where the frequency of heterozygous FH was deter-
mined among 18,142  participants. The prevalence 
of definite or probable FH according to DLCN 
criteria was 0.58% (1 out of 173 patients). Tendon 
xanthomas were present in only 16.1% of patients, 
while 36.2% of patients had mutations in one of 
the three dominant hypercholesterolemia genes. 
Cardiovascular diseases were present in 45.6% of 
patients, and 63% of patients received statins. Only 
one patient received an additional PCSK9 inhibitor, 
and none of the patients received ezetimibe. Only 
3% of patients attained the recommended cholesterol 
level during treatment.

A significant issue linked to FH is the disease 
diagnostics among children, which remain at an ex-
tremely low level [68, 69]. Based on the prevalence 
in the population, the estimated number of patients 
with the heterozygous form of FH in Russia may 
be more than 840 thousand [37], including about 
200  thousand children under the age of 18 [70]. 
Cascade screening is the most cost-effective and ef-
ficient method for diagnosing FH in children. This 
method involves identifying the disease among the 
relatives of the index patient [69, 70]. Conducting 
such screening is significantly facilitated by detect-
ing a genetic defect in the family. Currently, in the 
all-Russian registry RENESSANS (register of FH 
patients and patients with very high cardiovascu-
lar risk with insufficient efficacy of lipid-lowering 
therapy) [71], more than 1,700 patients with FH are 
registered, which is less than 2% of the potential 
number of patients [70].

The necessity for more comprehensive diagnos-
tics of the disease, as well as early and aggressive 
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cholesterol-lowering therapy, is underscored by the 
ineffective treatment of FH in Russia and the poor 
diagnostics. This appears to be the future of FH 
research in Russia. Russian guidelines for FH di-
agnostics and treatment [72] acknowledge the obvi-
ous benefits of genetic screening, since identifying 
a specific gene mutation significantly simplifies the 
diagnosis of FH and cascade screening. The reduc-
tion in the cost of DNA analysis technologies and 
the advancement of these technologies provide opti-
mism that these methods will be extensively utilized 
in Russian medical practice for FH diagnostics in 
the future.

Additional information

Source of financing. The work was carried out 
within the framework of state tasks of the Ministry 
of Science and Higher Education of the Russian 
Federation: NIR No. FGWG-2022-0009 (NIOKTR 
reg. No. 122020300191-9).

Competing interests. The authors declare no com-
peting of interest.

Author contribution. All authors made a substan-
tial contribution to the conception of the study, 
acquisition, analysis, interpretation of data for the 
work, drafting and revising the article, final approval 
of the version to be published and agree to be ac-
countable for all aspects of the study.

Personal contribution of each author: F.M. Za­
kharova — making drawings and diagrams; 
M.Yu. Mandelshtam — preparing the main text and 
tables; T.Yu. Bogoslovskaya — preparing a biblio-
graphy; V.B. Vasilyev — preparing a section on the 
treatment of familial hypercholesterolemia and edit-
ing the final version of the  text.

Дополнительная информация

Источник финансирования. Работа выполне-
на в рамках государственных заданий Минис-
терства науки и высшего образования  РФ: 
НИР № FGWG-2022-0009 (рег. № НИОКТР 
122020300191-9).

Конфликт интересов. Авторы заявляют об от-
сутствии конфликта интересов.

Вклад авторов. Все авторы внесли существен-
ный вклад в разработку концепции, проведение 
исследования и подготовку статьи, прочли и одо-
брили финальную версию перед публикацией. 

Наибольший вклад распределен следующим 
образом: Ф.М. Захарова — изготовление рисунков 
и диаграмм; М.Ю. Мандельштам — подготовка 
основного текста и таблиц; Т.Ю. Богословская — 
подготовка библиографии; В.Б. Васильев — под-
готовка раздела о лечении семейной гиперхоле-
стеринемии и редактирование финальной версии 
текста.

References

1. Goldstein JL, Hobbs HH, Brown MS. Familial hypercholesterol-
emia. The Metabolic and Molecular Bases of Inherited Disease. 
Scriver C, Beaudet A, Sly W, Valle D, editors. New York: McGraw-
Hill; 2001. P. 2863–2913.

2. Sjouke B, Kusters DM, Kindt I, et al. Homozygous autosomal 
dominant hypercholesterolaemia in the Netherlands: prevalence, 
genotype-phenotype relationship, and clinical outcome. Eur 
Heart J. 2015;36(9):560–565. doi: 10.1016/S0735-1097(14)62053-2

3. Defesche JC, Gidding SS, Harada-Shiba M, et al. Familial hy-
percholesterolaemia.  Nat Rev Dis Primers. 2017;3:17093.  
doi: 10.1038/nrdp.2017.93

4. Sarraju A, Knowles JW. Genetic testing and risk scores: im-
pact on familial hypercholesterolemia.  Front Cardiovasc Med. 
2019;6:5. doi: 10.3389/fcvm.2019.00005

5. Seftel HC, Baker SG, Jenkins T, Mendelsohn D. Prevalence of famil-
ial hypercholesterolemia in Johannesburg Jews. Am J Med Gen-
et. 1989;34(4):545–547. doi: 10.1002/ajmg.1320340418  

6. Marks D, Thorogood M, Neil HA, Humphries SE. A review 
on the diagnosis, natural history, and treatment of famil-
ial hypercholesterolaemia.  Atherosclerosis. 2003;168(1):1–14.  
doi: 10.1016/s0021-9150(02)00330-1

7. Steyn K, Goldberg YP, Kotze MJ, et al. Estimation of the preva-
lence of familial hypercholesterolaemia in a rural Afrikaner 
community by direct screening for three Afrikaner founder 
low density lipoprotein receptor gene mutations.  Hum Genet. 
1996;98(4):479–484. doi: 10.1007/s004390050243 

8. Marais AD, Firth JC, Blom DJ. Familial hypercholestero-
lemia in South Africa.  Semin Vasc Med. 2004;4(1):93–95.  
doi: 10.1055/s-2004-822991 

9. Moorjani S, Roy M, Gagné C, et al. Homozygous familial hyper-
cholesterolemia among French Canadians in Québec Province. 
Arteriosclerosis. 1989;9(2):211–216. doi: 10.1161/01.atv.9.2.211

10. Der Kaloustian VM, Naffah J, Loiselet J. Genetic dis-
eases in Lebanon. Am J Med Genet. 1980;7(2):187–203.  
doi: 10.1002/ajmg.1320070212

11. Karpov YuA, Kukharchuk VV, Boytsov SA, et al. Consensus state-
ment of the Russian National Atherosclerosis Society (RNAS). 
Familial hypercholesterolemia in Russia: outstanding issues 
in diagnosis and management. Journal of atherosclerosis and 
dyslipidemias. 2015;(2(19)):5–16. EDN: UAPQET 

12. Ershova AI, Meshkov AN, Bazhan SS, et al. The prevalence of 
familial hypercholesterolemia in the West Siberian region of 
the Russian Federation: a substudy of the ESSE-RF. PLoS One. 
2017;12(7):e0181148. doi: 10.1016/j.atherosclerosis.2017.06.592

13. Umans-Eckenhausen MA, Defesche JC, Sijbrands EJ, et al. 
Review of first 5 years of screening for familial hypercholes-
terolaemia in the Netherlands. Lancet. 2001;357(9251):165–168.  
doi: 10.1016/s0140-6736(00)03587-x

14. Muller C. Angina pectoris in hereditary xanthomatosis. Nutr Rev. 
1987;45(4):113–115. doi: 10.1111/j.1753-4887.1987.tb02723.x

15. Khachadurian AK. The inheritance of essential famil-
ial hypercholesterolemia. Am J Med. 1964;37:402–407.  
doi: 10.1016/0002-9343(64)90196-2

16. Brown MS, Goldstein JL. Familial hypercholesterolemia: de-
fective binding of lipoproteins to cultured fibroblasts associ-
ated with impaired regulation of 3-hydroxy-3-methylglutaryl 

https://doi.org/10.1016/S0735-1097(14)62053-2
https://doi.org/10.1038/nrdp.2017.93
https://doi.org/10.3389/fcvm.2019.00005
https://doi.org/10.1002/ajmg.1320340418
https://doi.org/10.1016/s0021-9150(02)00330-1
https://doi.org/10.1007/s004390050243
https://doi.org/10.1055/s-2004-822991
https://doi.org/10.1161/01.atv.9.2.211
https://doi.org/10.1002/ajmg.1320070212
https://elibrary.ru/uapqet
https://doi.org/10.1016/j.atherosclerosis.2017.06.592
https://doi.org/10.1016/s0140-6736(00)03587-x
https://doi.org/10.1111/j.1753-4887.1987.tb02723.x
https://doi.org/10.1016/0002-9343(64)90196-2


ISSN 1608-4101 (Print) Медицинский академический журнал 
ISSN 2687-1378 (Online) Medical Academic Journal

АнАлитические обзоры / ANALYTICAL REVIEWS

Том Выпуск 
Volume 24 Issue 1 2024

31

coenzyme  A reductase activity. Proc Natl Acad Sci USA. 
1974;71(3):788–792. doi: 10.1073/pnas.71.3.788

17. Südhof TC, Goldstein JL, Brown MS, Russell DW. The LDL re-
ceptor gene: a mosaic of exons shared with different proteins. 
Science. 1985;228(4701):815–822. doi: 10.1126/science.2988123

18. Law SW, Lackner KJ, Hospattankar AV, et al. Human apolipo-
protein B-100: cloning, analysis of liver mRNA, and assign-
ment of the gene to chromosome 2.  Proc Natl Acad Sci USA. 
1985;82(24):8340–8344. doi: 10.1073/pnas.82.24.8340 

19. Vega GL, Grundy SM. In vivo evidence for reduced binding of low 
density lipoproteins to receptors as a cause of primary mod-
erate hypercholesterolemia.  J Clin Invest. 1986;78(5):1410–1414. 
doi: 10.1172/jci112729

20. Innerarity TL, Weisgraber KH, Arnold KS, et al. Familial defective 
apolipoprotein B-100: low density lipoproteins with abnormal 
receptor binding. Proc Natl Acad Sci USA. 1987;84(19):6919–6923. 
doi: 10.1073/pnas.84.19.6919

21. Soria LF, Ludwig EH, Clarke HR, et al. Association between 
a specific apolipoprotein B mutation and familial defective apo-
lipoprotein B-100.  Proc Natl Acad Sci USA. 1989;86(2):587–591. 
doi: 10.1073/pnas.86.2.587 

22. Alves AC, Etxebarria A, Soutar AK, et al. Novel functional APOB 
mutations outside LDL-binding region causing familial hy-
percholesterolaemia. Hum Mol Genet. 2014;23(7):1817–1828.  
doi: 10.1093/hmg/ddt573

23. Garcia CK, Wilund K, Arca M, et al. Autosomal recessive hy-
percholesterolemia caused by mutations in a putative LDL 
receptor adaptor protein. Science. 2001;292(5520):1394–1398.  
doi: 10.1126/science.1060458

24. Seidah NG, Benjannet S, Wickham L, et al. The secretory proprotein 
convertase neural apoptosis-regulated convertase 1 (NARC-1): 
liver regeneration and neuronal differentiation. Proc Natl Acad 
Sci USA. 2003;100(3):928–933. doi: 10.1073/pnas.0335507100

25. Abifadel M, Varret M, Rabès JP, et al. Mutations in PCSK9 
cause autosomal dominant hypercholesterolemia. Nat Genet. 
2003;34(2):154–156. doi: 10.1038/ng1161

26. Mandelshtam  MYu, Vasilyev VB. Monogenic hypercholesterol-
emias: new genes, new drug targets. Russian Journal of Genetics. 
2008;44(10):1134–1140. EDN: LLCFZZ doi: 10.1134/s1022795408100025

27. Marduel M, Ouguerram K, Serre V, et al. Description of a large 
family with autosomal dominant hypercholesterolemia as-
sociated with the APOE p.Leu167del mutation. Hum Mutat. 
2013;34(1):83–87. doi: 10.1002/humu.22215

28. Awan Z, Choi HY, Stitziel N, et al. APOE p.Leu167del mu-
tation in familial hypercholesterolemia. Atherosclerosis. 
2013;231(2):218–222. doi: 10.1016/j.atherosclerosis.2013.09.007

29. Wintjens R, Bozon D, Belabbas K, et al. Global molecular 
analysis and APOE mutations in a cohort of autosomal domi-
nant hypercholesterolemia patients in France.  J Lipid Res. 
2016;57(3):482–491. doi: 10.1194/jlr.p055699

30. Abifadel M, Boileau C. Genetic and molecular architecture of 
familial hypercholesterolemia. J Intern Med. 2023;293:144–165. 
doi: 10.1111/joim.13577

31. Talmud PJ, Shah S, Whittall R, et al. Use of low-density li-
poprotein cholesterol gene score to distinguish patients 
with polygenic and monogenic familial hypercholesterolae-
mia: a case-control study.  Lancet. 2013;381(9874):1293–1301.  
doi: 10.1016/s0140-6736(12)62127-8

32. Shakhtshneider E, Ivanoshchuk D, Orlov P, et al. Analysis of the 
Ldlr, Apob, Pcsk9 and Ldlrap1 genes variability in patients with 
familial hypercholesterolemia in West Siberia using targeted 
high throughput resequencing. Atherosclerosis. 2019;287:e285. 
doi: 10.1016/j.atherosclerosis.2019.06.883

33. Miroshnikova VV, Romanova OV, Ivanova ON, et al. Identification 
of novel variants in the LDLR gene in Russian patients with fa-
milial hypercholesterolemia using targeted sequencing. Biomed 
Rep. 2021;14(1):15. doi: 10.3892/br.2020.1391

34. Meshkov A, Ershova A, Kiseleva A, et al. The  LDLR, APOB, and 
PCSK9 variants of index patients with familial hypercholesterolemia 
in Russia. Genes (Basel). 2021;12(1):66. doi: 10.3390/genes12010066

35. Shakhtshneider E, Ivanoshchuk D, Timoshchenko O, et al. 
Analysis of rare variants in genes related to lipid metabolism in 
patients with familial hypercholesterolemia in Western Siberia 
(Russia). J Pers Med. 2021;11(11):1232. doi: 10.3390/jpm11111232

36. Andersen LH, Miserez AR, Ahmad Z, Andersen RL. Famil-
ial defective apolipoprotein B-100: a  review.  J Clin Lipidol. 
2016;10(6):1297–1302. doi: 10.1016/j.jacl.2016.09.009

37. Ezhov MV, Barbarash OL, Voevoda MI, et al. Organization of 
lipid centers operation in the Russian Federation — new op-
portunities. Russian Journal of Cardiology. 2021;26(6):16–23.  
EDN: UGKJTQ doi: 10.15829/1560-4071-2021-4489 

38. Hamasaki M, Sakane N, Hara K, Kotani K. LDL-cholesterol and 
PCSK9 in patients with familial hypercholesterolemia: influence 
of PCSK9 variants under lipid-lowering therapy. J Clin Lab Anal. 
2021;35(11):e24056. doi: 10.1002/jcla.24056 

39. Mandelshtam MYu, Lipovetskii BM, Schvartsman AL, Gaitskho-
ki VS. Molecular heterogeneity of familial hypercholesterolemia 
in the St. Petersburg population. Russian Journal of Genetics. 
1995;31(4):447–452. (In Russ.)

40. Mandelshtam MJ, Lipovetskyi BM, Schwartzman AL, Gaitsk-
hoki VS. A novel deletion in the low-density lipoprotein 
receptor gene in a patient with familial hypercholester-
olemia from Petersburg.  Hum Mutat. 1993;2(4):256–260.  
doi: 10.1002/humu.1380020404

41. Zakharova FM, Damgaard D, Mandelshtam MY, et al. Familial 
hypercholesterolemia in St-Petersburg: the known and novel 
mutations found in the low density lipoprotein receptor gene in 
Russia.  BMC Med Genet. 2005;6:6. doi: 10.1186/1471-2350-6-6

42. Komarova TYu, Korneva VA, Kuznetsova TYu, et al. Familial hy-
percholesterolemia mutations in Petrozavodsk: no similarity to 
St. Petersburg mutation spectrum. BMC Med Genet. 2013;14:128. 
doi: 10.1186/1471-2350-14-128

43. Korneva VA, Kuznetsova TYu, Bogoslovskaya TYu, et al. Cho-
lesterol levels in genetically determined familial hypercholes-
terolaemia in Russian Karelia.  Cholesterol. 2017;2017:9375818.  
doi: 10.1155/2017/9375818

44. Vasilyev  VB, Zakharova FM, Bogoslovskaya TYu, Mandel-
shtam  MYu. Analysis of the low density lipoprotein receptor 
gene (LDLR) mutation spectrum in Russian familial hyper-
cholesterolemia. Vavilov Journal of Genetics and Breeding. 
2022;26(3):319–326. EDN: HPHVJV doi: 10.18699/vjgb-22-38

45. Meshkov AN, Malyshev PP, Kukharchuk VV. Familial hypercho-
lesterolemia in Russia: genetic and phenotypic characteristics. 
Terapevticheskiy Arkhiv. 2009;81(9):23–28. EDN: KZRAHZ

46. Malyshev PP, Meshkov AN, Kotova LA, Kukharchuk VV. Famil-
ial defect of apolipoprotein В-100: molecular disease basis and 

https://doi.org/10.1073/pnas.71.3.788
https://doi.org/10.1126/science.2988123
https://doi.org/10.1073/pnas.82.24.8340
https://doi.org/10.1172/jci112729
https://doi.org/10.1073/pnas.84.19.6919
https://doi.org/10.1073/pnas.86.2.587
https://doi.org/10.1093/hmg/ddt573
https://doi.org/10.1126/science.1060458
https://doi.org/10.1073/pnas.0335507100
https://doi.org/10.1038/ng1161
https://elibrary.ru/llcfzz
https://doi.org/10.1134/s1022795408100025
https://doi.org/10.1002/humu.22215
https://doi.org/10.1016/j.atherosclerosis.2013.09.007
https://doi.org/10.1194/jlr.p055699
https://doi.org/10.1111/joim.13577
https://doi.org/10.1016/s0140-6736(12)62127-8
https://doi.org/10.1016/j.atherosclerosis.2019.06.883
https://doi.org/10.3892/br.2020.1391
https://doi.org/10.3390/genes12010066
https://doi.org/10.3390/jpm11111232
https://doi.org/10.1016/j.jacl.2016.09.009
https://elibrary.ru/ugkjtq
https://doi.org/10.15829/1560-4071-2021-4489
https://doi.org/10.1002/jcla.24056
https://doi.org/10.1002/humu.1380020404
https://doi.org/10.1186/1471-2350-6-6
https://doi.org/10.1186/1471-2350-14-128
https://doi.org/10.1155/2017/9375818
https://elibrary.ru/hphvjv
https://doi.org/10.18699/vjgb-22-38
https://elibrary.ru/kzrahz


АнАлитические обзоры / ANALYTICAL REVIEWS

Медицинский академический журнал ISSN 1608-4101 (Print) 
Medical Academic Journal ISSN 2687-1378 (Online)

Том Выпуск 
Volume 24 Issue 1  2024

32

clinico-biochemical characteristics of the patients. Cardiovascu-
lar Therapy and Prevention. 2007;6(6):40–45. EDN: IJWXGL

47. Voevoda MI, Kulikov IV, Shakhtshneider EV, et al. The spec-
trum of mutations in the low-density lipoprotein receptor 
gene in the Russian population. Russian Journal of Genetics.  
2008;44(10):1191–1194. EDN: LLCFYB doi: 10.1134/s1022795408100074

48. Semenova AE, Sergienko IV, García-Giustiniani D, et al. Verifi-
cation of underlying genetic cause in a cohort of Russian pa-
tients with familial hypercholesterolemia using targeted next 
generation sequencing.  J Cardiovasc Dev Dis. 2020;7(2):16.  
doi: 10.3390/jcdd7020016

49. Vasilyev V, Zakharova F, Bogoslovskaya T, Mandelshtam M. Familial 
hypercholesterolemia in Russia: Three decades of genetic stud-
ies. Front Genet. 2020;11:550591. doi: 10.3389/fgene.2020.550591

50. Meshkov AN, Ershova AI, Kiseleva AV, et al. The prevalence of 
heterozygous familial hypercholesterolemia in selected regions 
of the Russian Federation: The FH-ESSE-RF study. J Pers Med. 
2021;11(6):464. doi: 10.3390/jpm11060464

51. Chakir Kh, Skobeleva NA, Shevtsov SP, et al. Two novel 
slavic point mutations in the low-density lipoprotein recep-
tor gene in patients with familial hypercholesterolemia from 
St.  Petersburg, Russia.  Mol Genet Metab. 1998;63(1):31–34.  
doi: 10.1006/mgme.1997.2614

52. Mandelshtam M, Chakir K, Shevtsov S, et al. Prevalence of 
Lithuanian mutation among St.  Petersburg Jews with famil-
ial hypercholesterolemia.  Hum Mutat. 1998;12(4):255–258.  
doi: 10.1002/(sici)1098-1004(1998)12:4<255::aid-humu6>3.0.co;2-e

53. Patent RU 2022621118/18.05.2022. Bull. No. 5. Mandelstam MYu, 
Zakharova FM, Bogoslovskaya TYu, Vasiliev VB. List of muta-
tions in the low-density lipoprotein receptor gene found in pa-
tients with familial hypercholesterolemia in Russia. (In Russ.) 
EDN: FFCVVP

54. Patent RU 2022620667/29.03.2022. Bull. No. 4. Mandelsh-
tam  MYu, Zakharova  FM, Bogoslovskaya TYu, Vasilyev  VB. List 
of polymorphisms in the low-density lipoprotein receptor gene 
found in patients with familial hypercholesterolemia in Russia.  
(In Russ.) EDN: FULUHN

55. El Khoury P, Elbitar S, Ghaleb Y, et al. PCSK9 Mutations in fa-
milial hypercholesterolemia: from a groundbreaking discovery 
to anti-PCSK9 therapies.  Curr Atheroscler Rep. 2017;19(12):49.  
doi: 10.1007/s11883-017-0684-8

56. Raal FJ, Honarpour N, Blom DJ, et al. Inhibition of PCSK9 
with evolocumab in homozygous familial hypercholes-
terolaemia (TESLA Part B): a randomised, double-blind, 
placebo-controlled trial. Lancet. 2015;385(9965):341–350.  
doi: 10.1016/s0140-6736(14)61374-x

57. Blom DJ, Harada-Shiba M, Rubba P, et al. Efficacy and safety 
of Alirocumab in  adults with homozygous familial hyper-
cholesterolemia: The ODYSSEY HoFH Trial. J Am Coll Cardiol. 
2020;76(2):131–142. doi: 10.1016/j.jacc.2020.05.027

58. Hovingh GK, Lepor NE, Kallend D, et al. Inclisiran durably low-
ers low-density lipoprotein cholesterol and proprotein conver-
tase subtilisin/kexin type 9 expression in homozygous familial 
hypercholesterolemia: The ORION-2 pilot study.  Circulation. 
2020;141(22):1829–1831. doi: 10.1161/circulationaha.119.044431

59. Ray KK, Bays HE, Catapano AL, et al. Safety and efficacy of 
Bempedoic acid to reduce LDL cholesterol.  N Engl J Med. 
2019;380(11):1022–1032. doi: 10.1056/nejmoa1803917

60. Tibuakuu M, Blumenthal RS, Martin SS.  Bempedoic Acid for 
LDL-C lowering: what do we know? [Internet]. American College 
of Cardiology; Aug 10, 2020. Available from: https://www.acc.
org/latest-in-cardiology/articles/2020/08/10/08/21/bempedo-
ic-acid-for-ldl-c-lowering. Accessed: 29 Feb 2024.

61. Arca M, Minicocci I, Maranghi M. The angiopoietin-like protein 3: 
a hepatokine with expanding role in metabolism. Curr Opin Li-
pidol. 2013;24(4):313–320. doi: 10.1097/mol.0b013e3283630cf0

62. Musunuru K, Pirruccello JP, Do R, et al. Exome sequencing, 
ANGPTL3 mutations, and familial combined hypolipidemia. N Engl 
J Med. 2010;363(23):2220–2227. doi: 10.1056/nejmoa1002926

63. Dewey FE, Gusarova V, Dunbar RL, et al. Genetic and pharma-
cologic inactivation of ANGPTL3 and cardiovascular disease. 
N Engl J Med. 2017;377(3):211–221. doi: 10.1056/nejmoa1612790

64. Stitziel NO, Khera AV, Wang X, et al. ANGPTL3 Deficiency and 
protection against coronary artery disease.  J Am Coll Cardiol. 
2017;69(16):2054–2063. doi: 10.1016/j.jacc.2017.02.030

65. Chilazi M, Sharma G, Blumenthal RS, Martin SS. Angiopoietin-
like 3 (ANGPTL3) — a novel therapeutic target for treatment 
of hyperlipidemia [Internet]. American College of Cardiology; 
Jan 06, 2021. Available from: https://www.acc.org/latest-in-car-
diology/articles/2021/01/06/13/01/angiopoietin-like-3-angptl3. 
Accessed: 29 Feb 2024.

66. Raal FJ, Hovingh GK, Catapano AL. Familial hypercholesterol-
emia treatments: Guidelines and new therapies. Atherosclerosis. 
2018;277:483–492. doi: 10.1016/j.atherosclerosis.2018.06.859

67. Konstantinov VO. Familial hypercholesterolemia: Three “un-
der” (understood, underdiagnosed, and undertreated) disease. 
In: Cardiovascular Risk Factors in Pathology. IntechOpen.  
doi: 10.5772/intechopen.93042

68. Sadykova DI, Galimova LF. Familial hypercholesterolemia in 
children: clinic, diagnostics, treatment. Russian bulletin of 
perinatology and pediatrics. 2017;62:(5):119–123. EDN: XCWDXR  
doi: 10.21508/1027-4065-2017-62-5-119-123

69. Galimova LF, Sadykova DI, Slastnikova E., Usova NE. Di-
agnosis of familial hypercholesterolemia in children: cas-
cade screening from theory to practice. Cardiovascular 
Therapy and Prevention. 2020;19(3):191–196. EDN: VYMTKN  
doi: 10.15829/1728-8800-2020-2348

70. Zakharova IN, Osmanov IM, Pshenichnikova II, et al. Hypercho-
lesterolemia in children and adolescents: focus on the famil-
ial variant. Medical council. 2021;(17):294–299. EDN: AGKVPC  
doi: 10.21518/2079-701X-2021-17-294-299

71. Yezhov MV, Bliznyuk SA, Tmoyan NA, et al. Register of patients 
with familial hypercholesterolemia and patients of very high car-
diovascular risk with lipid-lowering therapy underperformance 
(RENESSANS). Russian Journal of Cardiology. 2019;24(5):7–13. 
EDN: ZGREKR doi: 10.15829/1560-4071-2019-5-7-13

72. Ezhov MV, Sergienko IV, Rozhkova TА, et al. Diagnosis and 
treatment of family hypercholesterinemia (russian guidelines). 
The Bulletin of Contemporary Clinical Medicine. 2017;10(2):72–79. 
EDN: YKOSDZ doi: 10.20969/VSKM.2017.10(2).72-79

73. Pogoda T, Metelskaya V, Perova N, Limborska S. Detec-
tion of the apoB-3500 mutation in a Russian family with 
coronary heart disease. Hum Hered. 1998;48(5):291–292.  
doi: 10.1159/000022819

74. Krapivner SR, Malyshev  PP, Poltaraus AB, et al. A case of fa-
milial hypercholesterolemia caused by a novel mutation D461Y 

https://elibrary.ru/ijwxgl
https://elibrary.ru/llcfyb
https://doi.org/10.1134/s1022795408100074
https://doi.org/10.3390/jcdd7020016
https://doi.org/10.3389/fgene.2020.550591
https://doi.org/10.3390/jpm11060464
https://doi.org/10.1006/mgme.1997.2614
https://doi.org/10.1002/(sici)1098-1004(1998)12:4<255::aid-humu6>3.0.co;2-e
https://elibrary.ru/ffcvvp
https://elibrary.ru/fuluhn
https://doi.org/10.1007/s11883-017-0684-8
https://doi.org/10.1016/s0140-6736(14)61374-x
https://doi.org/10.1016/j.jacc.2020.05.027
https://doi.org/10.1161/circulationaha.119.044431
https://doi.org/10.1056/nejmoa1803917
https://www.acc.org/latest-in-cardiology/articles/2020/08/10/08/21/bempedoic-acid-for-ldl-c-lowering
https://www.acc.org/latest-in-cardiology/articles/2020/08/10/08/21/bempedoic-acid-for-ldl-c-lowering
https://www.acc.org/latest-in-cardiology/articles/2020/08/10/08/21/bempedoic-acid-for-ldl-c-lowering
https://doi.org/10.1097/mol.0b013e3283630cf0
https://doi.org/10.1056/nejmoa1002926
https://doi.org/10.1056/nejmoa1612790
https://doi.org/10.1016/j.jacc.2017.02.030
https://www.acc.org/latest-in-cardiology/articles/2021/01/06/13/01/angiopoietin-like-3-angptl3
https://www.acc.org/latest-in-cardiology/articles/2021/01/06/13/01/angiopoietin-like-3-angptl3
https://doi.org/10.1016/j.atherosclerosis.2018.06.859
https://doi.org/10.5772/intechopen.93042
https://elibrary.ru/xcwdxr
https://doi.org/10.21508/1027-4065-2017-62-5-119-123
https://elibrary.ru/vymtkn
https://doi.org/10.15829/1728-8800-2020-2348
https://elibrary.ru/agkvpc
https://doi.org/10.21518/2079-701X-2021-17-294-299
https://elibrary.ru/zgrekr
https://doi.org/10.15829/1560-4071-2019-5-7-13
https://elibrary.ru/ykosdz
https://doi.org/10.20969/VSKM.2017.10(2).72-79
https://doi.org/10.1159/000022819


ISSN 1608-4101 (Print) Медицинский академический журнал 
ISSN 2687-1378 (Online) Medical Academic Journal

АнАлитические обзоры / ANALYTICAL REVIEWS

Том Выпуск 
Volume 24 Issue 1 2024

33

in the low density lipoprotein receptor gene. Kardiologiia. 
2001;41(1):92–94. EDN: MOTAFT

75. Shakhtshneider EV, Makarenkova KV, Astrakova KS, et al. Tar-
geted next-generation sequencing of PCSK9 gene in patients 
with familial hypercholesterolemia in Russia. Kardiologiia. 
2017;57(6):46–51. EDN: YUEIUX doi: 10.18565/cardio.2017.6.46-51

Список литературы

1. Goldstein J.L., Hobbs H.H., Brown M.S. Familial hypercholestero-
lemia. The Metabolic and Molecular Bases of Inherited Disease. 
Scriver C, Beaudet A, Sly W, Valle D, editors. New York: McGraw-
Hill, 2001. P. 2863–2913.

2. Sjouke B., Kusters D.M., Kindt I., et al. Homozygous autosomal 
dominant hypercholesterolaemia in the Netherlands: prevalence, 
geno type-phenotype relationship, and clinical outcome // Eur Heart 
J. 2015. Vol. 36, N 9. P. 560–565. doi: 10.1016/S0735-1097(14)62053-2

3. Defesche J.C., Gidding S.S., Harada-Shiba M., et al. Familial 
hypercholesterolaemia //  Nat Rev Dis Primers. 2017. Vol. 3. 
P. 17093. doi: 10.1038/nrdp.2017.93

4. Sarraju A., Knowles J.W. Genetic testing and risk scores: impact 
on familial hypercholesterolemia // Front Cardiovasc Med. 2019. 
Vol. 6. P. 5. doi: 10.3389/fcvm.2019.00005

5. Seftel H.C., Baker S.G., Jenkins T., Mendelsohn D. Preva-
lence of familial hypercholesterolemia in Johannesburg 
Jews  //  Am  J  Med  Genet. 1989. Vol. 34, N  4. P. 545–547.  
doi: 10.1002/ajmg.1320340418

6. Marks D., Thorogood M., Neil H.A., Humphries S.E. A review on 
the diagnosis, natural history, and treatment of familial hyper-
cholesterolaemia // Atherosclerosis. 2003. Vol. 168, N 1. P. 1–14. 
doi: 10.1016/s0021-9150(02)00330-1

7. Steyn K., Goldberg Y.P., Kotze M.J., et al. Estimation of the prev-
alence of familial hypercholesterolaemia in a rural Afrikaner 
community by direct screening for three Afrikaner founder low 
density lipoprotein receptor gene mutations // Hum Genet. 1996. 
Vol. 98, N 4. P. 479–484. doi: 10.1007/s004390050243 

8. Marais A.D., Firth J.C., Blom D.J. Familial hypercholesterolemia 
in South Africa // Semin Vasc Med. 2004. Vol. 4, N 1. P. 93–95. 
doi: 10.1055/s-2004-822991 

9. Moorjani S., Roy M., Gagné C., et al. Homozygous fa milial 
hypercholesterolemia among French Canadians in Qué-
bec Province  //  Arteriosclerosis. 1989. Vol. 9, N  2. P. 211–216.  
doi: 10.1161/01.atv.9.2.211

10. Der Kaloustian V.M., Naffah J., Loiselet J. Genetic diseases 
in Lebanon //  Am J Med Genet. 1980. Vol. 7, N  2. P. 187–203.  
doi: 10.1002/ajmg.1320070212

11. Карпов Ю.А., Кухарчук В.В., Бойцов С.А. и др. Заключение 
совета экспертов Национального общества по изучению 
атеросклероза (НОА). Семейная гиперхолестеринемия 
в Российской Федерации: нерешенные проблемы диагно-
стики и лечения // Атеросклероз и дислипидемии. 2015. 
№ 2(19). С. 5–16. EDN: UAPQET 

12. Ershova A.I., Meshkov A.N., Bazhan S.S., et al. The prevalence of 
familial hypercholesterolemia in the West Siberian region of the 
Russian Federation: a substudy of the ESSE-RF // PLoS One. 2017. 
Vol. 12, N 7. P. e0181148. doi: 10.1016/j.atherosclerosis.2017.06.592

13. Umans-Eckenhausen M.A., Defesche J.C., Sijbrands E.J., et al. 
Review of first 5 years of screening for familial hypercholes-

terolaemia in the Netherlands // Lancet. 2001. Vol. 357, N 9251. 
P. 165–168. doi: 10.1016/s0140-6736(00)03587-x

14. Muller C. Angina pectoris in hereditary xanthomatosis // Nutr Rev. 
1987. Vol. 45, N 4. P. 113–115. doi: 10.1111/j.1753-4887.1987.tb02723.x

15. Khachadurian A.K. The inheritance of essential familial hy-
percholesterolemia // Am J Med. 1964. Vol. 37. P. 402–407.  
doi: 10.1016/0002-9343(64)90196-2

16. Brown M.S., Goldstein J.L. Familial hypercholesterolemia: de-
fective binding of lipoproteins to cultured fibroblasts associ-
ated with impaired regulation of 3-hydroxy-3-methylglutaryl 
coenzyme A reductase activity // Proc Natl Acad Sci USA. 1974. 
Vol. 71, N 3. P. 788–792. doi: 10.1073/pnas.71.3.788

17. Südhof T.C., Goldstein J.L., Brown M.S., Russell D.W. The LDL receptor 
gene: a mosaic of exons shared with different proteins // Science. 
1985. Vol. 228, N  4701. P. 815–822. doi: 10.1126/science.2988123

18. Law S.W., Lackner K.J., Hospattankar A.V., et al. Human apolipo-
protein B-100: cloning, analysis of liver mRNA, and assignment 
of the gene to chromosome 2 // Proc Natl Acad Sci USA. 1985. 
Vol. 82, N 24. P. 8340–8344. doi: 10.1073/pnas.82.24.8340 

19. Vega G.L., Grundy S.M. In vivo evidence for reduced binding 
of low density lipoproteins to receptors as a cause of primary 
moderate hypercholesterolemia //  J Clin Invest. 1986. Vol. 78, 
N 5. P. 1410–1414. doi: 10.1172/jci112729

20. Innerarity T.L., Weisgraber K.H., Arnold K.S., et al. Familial defec-
tive apolipoprotein B-100: low density lipoproteins with abnor-
mal receptor binding //  Proc Natl Acad Sci USA. 1987. Vol.  84, 
N 19. P. 6919–6923. doi: 10.1073/pnas.84.19.6919

21. Soria L.F., Ludwig E.H., Clarke H.R., et al. Association between 
a specific apolipoprotein B mutation and familial defective apo-
lipoprotein B-100 // Proc Natl Acad Sci USA. 1989. Vol. 86, N 2. 
P. 587–591. doi: 10.1073/pnas.86.2.587 

22. Alves A.C., Etxebarria A., Soutar A.K., et al. Novel functional 
APOB mutations outside LDL-binding region causing familial 
hypercholesterolaemia //  Hum Mol Genet. 2014. Vol. 23, No. 7. 
P. 1817–1828. doi: 10.1093/hmg/ddt573

23. Garcia C.K., Wilund K., Arca M., et al. Autosomal recessive 
hypercholesterolemia caused by mutations in a putative LDL 
receptor adaptor protein //  Science. 2001. Vol. 292, N  5520. 
P. 1394–1398. doi: 10.1126/science.1060458

24. Seidah N.G., Benjannet S., Wickham L., et al. The secre-
tory proprotein convertase neural apoptosis-regulated conver-
tase  1 (NARC-1): liver regeneration and neuronal differentia-
tion // Proc Natl Acad Sci USA. 2003. Vol. 100, N 3. P. 928–933.  
doi: 10.1073/pnas.0335507100

25. Abifadel M., Varret M., Rabès J.P., et al. Mutations in PCSK9 
cause autosomal dominant hypercholesterolemia // Nat Genet. 
2003. Vol. 34, N 2. P. 154–156. doi: 10.1038/ng1161

26. Мандельштам М.Ю., Васильев В.Б. Моногенные гипер-
холестеринемии: новые гены, новые мишени для лече-
ния // Генетика. 2008. Т. 44, № 10. С. 1309–1316. EDN: LLCFZZ  
doi: 10.1134/s1022795408100025

27. Marduel M., Ouguerram K., Serre V., et al. Description of a large 
family with autosomal dominant hypercholesterolemia associ-
ated with the APOE p.Leu167del mutation // Hum Mutat. 2013. 
Vol. 34, N 1. P. 83–87. doi: 10.1002/humu.22215

28. Awan Z., Choi H.Y., Stitziel N., et al. APOE p.Leu167del mutation in 
familial hypercholesterolemia // Atherosclerosis. 2013. Vol. 231, 
N 2. P. 218–222. doi: 10.1016/j.atherosclerosis.2013.09.007

https://elibrary.ru/motaft
https://elibrary.ru/yueiux
https://doi.org/10.18565/cardio.2017.6.46-51
https://doi.org/10.1016/S0735-1097(14)62053-2
https://doi.org/10.1038/nrdp.2017.93
https://doi.org/10.3389/fcvm.2019.00005
https://doi.org/10.1002/ajmg.1320340418
https://doi.org/10.1016/s0021-9150(02)00330-1
https://doi.org/10.1007/s004390050243
https://doi.org/10.1055/s-2004-822991
https://doi.org/10.1161/01.atv.9.2.211
https://doi.org/10.1002/ajmg.1320070212
https://elibrary.ru/uapqet
https://doi.org/10.1016/j.atherosclerosis.2017.06.592
https://doi.org/10.1016/s0140-6736(00)03587-x
https://doi.org/10.1111/j.1753-4887.1987.tb02723.x
https://doi.org/10.1016/0002-9343(64)90196-2
https://doi.org/10.1073/pnas.71.3.788
https://doi.org/10.1126/science.2988123
https://doi.org/10.1073/pnas.82.24.8340
https://doi.org/10.1172/jci112729
https://doi.org/10.1073/pnas.84.19.6919
https://doi.org/10.1073/pnas.86.2.587
https://doi.org/10.1093/hmg/ddt573
https://doi.org/10.1126/science.1060458
https://doi.org/10.1073/pnas.0335507100
https://doi.org/10.1038/ng1161
https://elibrary.ru/llcfzz
https://doi.org/10.1134/s1022795408100025
https://doi.org/10.1002/humu.22215
https://doi.org/10.1016/j.atherosclerosis.2013.09.007


АнАлитические обзоры / ANALYTICAL REVIEWS

Медицинский академический журнал ISSN 1608-4101 (Print) 
Medical Academic Journal ISSN 2687-1378 (Online)

Том Выпуск 
Volume 24 Issue 1  2024

34

29. Wintjens R., Bozon D., Belabbas K., et al. Global molecular anal-
ysis and APOE mutations in a cohort of autosomal dominant 
hypercholesterolemia patients in France //  J Lipid Res. 2016. 
Vol. 57, N 3. P. 482–491. doi: 10.1194/jlr.p055699

30. Abifadel M., Boileau C. Genetic and molecular architecture of 
familial hypercholesterolemia // J  Intern Med. 2023. Vol. 293. 
P. 144–165. doi: 10.1111/joim.13577

31. Talmud P.J., Shah S., Whittall R., et al. Use of low-density lipo-
protein cholesterol gene score to distinguish patients with poly-
genic and monogenic familial hypercholesterolaemia: a case-
control study //  Lancet. 2013. Vol. 381, N  9874. P. 1293–1301.  
doi: 10.1016/s0140-6736(12)62127-8

32. Shakhtshneider E., Ivanoshchuk D., Orlov P., et al. Analysis of 
the Ldlr, Apob, Pcsk9 and Ldlrap1 genes variability in patients 
with familial hypercholesterolemia in West Siberia using tar-
geted high throughput resequencing // Atherosclerosis. 2019. 
Vol. 287, P. e285. doi: 10.1016/j.atherosclerosis.2019.06.883

33. Miroshnikova V.V., Romanova O.V., Ivanova O.N., et al. 
Identification of novel variants in the  LDLR  gene in Rus-
sian patients with familial hypercholesterolemia using tar-
geted sequencing  //  Biomed Rep. 2021. Vol. 14, N  1. P. 15.  
doi: 10.3892/br.2020.1391

34. Meshkov A., Ershova A., Kiseleva A., et al. The  LDLR, APOB, 
and  PCSK9  variants of index patients with familial hypercho-
lesterolemia in Russia // Genes (Basel). 2021. Vol. 12, N 1. P. 66.  
doi: 10.3390/genes12010066

35. Shakhtshneider E., Ivanoshchuk D., Timoshchenko O., et al. 
Analysis of rare variants in genes related to lipid metabo-
lism in patients with familial hypercholesterolemia in West-
ern Siberia (Russia) //  J Pers Med. 2021. Vol. 11, N  11. P. 1232.  
doi: 10.3390/jpm11111232

36. Andersen L.H., Miserez A.R., Ahmad Z., Andersen R.L. Familial 
defective apolipoprotein B-100: a  review // J Clin Lipidol. 2016. 
Vol. 10, N 6. P. 1297–1302. doi: 10.1016/j.jacl.2016.09.009

37. Ежов М.В., Барбараш О.Л., Воевода М.И. и др. Организация рабо-
ты липидных центров в Российской Федерации — новые воз-
можности // Российский кардиологический журнал. 2021. Т. 26, 
№ 6. С. 16–23. EDN: UGKJTQ doi: 10.15829/1560-4071-2021-4489 

38. Hamasaki M., Sakane N., Hara K., Kotani K. LDL-cholesterol and 
PCSK9 in patients with familial hypercholesterolemia: influence 
of PCSK9 variants under lipid-lowering therapy //  J Clin Lab 
Anal. 2021. Vol. 35, N 11. P. e24056. doi: 10.1002/jcla.24056

39. Мандельштам М.Ю., Липовецкий Б.М., Шварцман А.Л., Гайц-
хоки В.С. Молекулярная гетерогенность семейной гиперхо-
лестеринемии в популяции жителей Санкт-Петербурга // 
Генетика. 1995. Т. 31, № 4. С. 521–527. 

40. Mandelshtam M.J., Lipovetskyi B.M., Schwartzman A.L., 
Gaitskhoki V.S. A novel deletion in the low-density lipoprotein 
receptor gene in a patient with familial hypercholesterolemia 
from Petersburg //  Hum Mutat. 1993. Vol. 2, N  4. P. 256–260.  
doi: 10.1002/humu.1380020404

41. Zakharova F.M., Damgaard D., Mandelshtam M.Y., et al. Fa-
milial hypercholesterolemia in St-Petersburg: the known 
and novel mutations found in the low density lipoprotein re-
ceptor gene in Russia  //  BMC Med Genet. 2005. Vol. 6. P. 6.  
doi: 10.1186/1471-2350-6-6

42. Komarova T.Yu., Korneva V.A., Kuznetsova T.Yu., et al. Familial 
hypercholesterolemia mutations in Petrozavodsk: no similarity 

to St. Petersburg mutation spectrum //  BMC Med Genet. 2013. 
Vol. 14. P. 128. doi: 10.1186/1471-2350-14-128

43. Korneva V.A., Kuznetsova T.Yu., Bogoslovskaya T.Yu., et al. 
Cholesterol levels in genetically determined familial hypercho-
lesterolaemia in Russian Karelia //  Cholesterol. 2017. Vol. 2017. 
P. 9375818. doi: 10.1155/2017/9375818

44. Васильев В.Б., Захарова Ф.М., Богословская Т.Ю., Мандель-
штам М.Ю. Анализ спектра мутаций гена рецептора низ-
кой плотности (LDLR) при семейной гиперхолестеринемии 
в России // Вавиловский журнал генетики и селекции. 2022. 
№  26(3). С. 319–326. EDN: HPHVJV doi: 10.18699/vjgb-22-38 

45. Мешков А.Н., Малышев П.П., Кухарчук В.В. Семейная гипер-
холестеринемия в России: генетическая и фенотипическая 
характеристика // Терапевтический архив. 2009. Т.  81, № 9. 
С. 23–28. EDN: KZRAHZ

46. Малышев П.П., Мешков А.Н., Котова Л.А., Кухарчук В.В. 
Семейный дефект аполипопротеина В-100: молекулярная 
осно ва заболевания и клинико-биохимические особенно-
сти пациентов // Кардиоваскулярная терапия и профилак-
тика. 2007. Т.6, № 6. С. 40–45. EDN: IJWXGL 

47. Воевода М.И., Куликов И.В., Шахтшнейдер Е.В. и др. Спектр 
мутаций гена рецептора липопротеинов низкой плотно-
сти в Российской популяции // Генетика. 2008. Т. 44, №  10. 
С. 1374–1378. EDN: JSJRHJ 

48. Semenova A.E., Sergienko I.V., García-Giustiniani D., et al. Veri-
fication of underlying genetic cause in a cohort of Russian pa-
tients with familial hypercholesterolemia using targeted next 
generation sequencing // J Cardiovasc Dev Dis. 2020. Vol. 7, N 2. 
P. 16. doi: 10.3390/jcdd7020016

49. Vasilyev V., Zakharova F., Bogoslovskaya T., Mandelshtam  M. 
Familial hypercholesterolemia in Russia: Three decades 
of genetic studies //  Front Genet. 2020. Vol. 11. P. 550591.  
doi: 10.3389/fgene.2020.550591

50. Meshkov A.N., Ershova A.I., Kiseleva A.V., et al. The prevalence of 
heterozygous familial hypercholesterolemia in selected regions 
of the Russian Federation: The FH-ESSE-RF study //  J  Pers 
Med. 2021. Vol. 11, N 6. P. 464. doi: 10.3390/jpm11060464

51. Chakir Kh., Skobeleva N.A., Shevtsov S.P., et al. Two novel slavic 
point mutations in the low-density lipoprotein receptor gene 
in patients with familial hypercholesterolemia from St. Peters-
burg, Russia //  Mol Genet Metab. 1998. Vol. 63, N  1. P. 31–34.  
doi: 10.1006/mgme.1997.2614

52. Mandelshtam M., Chakir K., Shevtsov S., et al. Prevalence of Lith-
uanian mutation among St. Petersburg Jews with familial hyper-
cholesterolemia // Hum Mutat. 1998. Vol. 12, N 4. P. 255–258. doi: 
10.1002/(sici)1098-1004(1998)12:4<255::aid-humu6>3.0.co;2-e

53. Патент RU 2022621118/18.05.2022. Бюл. № 5. Мандель-
штам М.Ю., Захарова Ф.М., Богословская Т.Ю., Васильев В.Б. 
Перечень мутации в гене рецептора липопротеинов низкой 
плотности, обнаруженных у пациентов с семейной гиперхо-
лестеринемией в России. EDN: FFCVVP

54. Патент RU 2022620667/29.03.2022. Бюл. № 4. Мандель-
штам М.Ю., Захарова Ф.М., Богословская Т.Ю., Васильев В.Б. 
Перечень полиморфизмов в гене рецептора липопротеинов 
низкой плотности, обнаруженных у пациентов с семейной 
гиперхолестеринемией в России. EDN: FULUHN 

55. El Khoury P., Elbitar S., Ghaleb Y., et al. PCSK9 Mutations in fa-
milial hypercholesterolemia: from a groundbreaking discovery 

https://doi.org/10.1194/jlr.p055699
https://doi.org/10.1111/joim.13577
https://doi.org/10.1016/s0140-6736(12)62127-8
https://doi.org/10.1016/j.atherosclerosis.2019.06.883
https://doi.org/10.3892/br.2020.1391
https://doi.org/10.3390/genes12010066
https://doi.org/10.3390/jpm11111232
https://doi.org/10.1016/j.jacl.2016.09.009
https://elibrary.ru/ugkjtq
https://doi.org/10.15829/1560-4071-2021-4489
https://doi.org/10.1002/jcla.24056
https://doi.org/10.1002/humu.1380020404
https://doi.org/10.1186/1471-2350-6-6
https://doi.org/10.1186/1471-2350-14-128
https://doi.org/10.1155/2017/9375818
https://elibrary.ru/hphvjv
https://doi.org/10.18699/vjgb-22-38
https://elibrary.ru/kzrahz
https://elibrary.ru/ijwxgl
https://elibrary.ru/jsjrhj
https://doi.org/10.3390/jcdd7020016
https://doi.org/10.3389/fgene.2020.550591
https://doi.org/10.3390/jpm11060464
https://doi.org/10.1006/mgme.1997.2614
https://doi.org/10.1002/(sici)1098-1004(1998)12:4<255::aid-humu6>3.0.co;2-e
https://elibrary.ru/ffcvvp
https://elibrary.ru/fuluhn


ISSN 1608-4101 (Print) Медицинский академический журнал 
ISSN 2687-1378 (Online) Medical Academic Journal

АнАлитические обзоры / ANALYTICAL REVIEWS

Том Выпуск 
Volume 24 Issue 1 2024

35

to anti-PCSK9 therapies //  Curr Atheroscler Rep. 2017. Vol.  19, 
N 12. P. 49. doi: 10.1007/s11883-017-0684-8

56. Raal F.J., Honarpour N., Blom D.J., et al. Inhibition of PCSK9 
with evolocumab in homozygous familial hypercholesterol-
aemia (TESLA Part B): a randomised, double-blind, placebo-
controlled trial //  Lancet. 2015. Vol. 385, N  9965. P. 341–350.  
doi: 10.1016/s0140-6736(14)61374-x

57. Blom D.J., Harada-Shiba M., Rubba P., et al. Efficacy and safety 
of Alirocumab in adults with homozygous familial hypercholes-
terolemia: The ODYSSEY HoFH Trial // J Am Coll Cardiol. 2020. 
Vol. 76, N 2. P. 131–142. doi: 10.1016/j.jacc.2020.05.027

58. Hovingh G.K., Lepor N.E., Kallend D., et al. Inclisiran dura-
bly lowers low-density lipoprotein cholesterol and propro-
tein convertase subtilisin/kexin type 9 expression in ho-
mozygous familial hypercholesterolemia: The ORION-2 pi-
lot study //  Circulation. 2020. Vol. 141, N  22. P. 1829–1831.  
doi: 10.1161/circulationaha.119.044431

59. Ray K.K., Bays H.E., Catapano A.L., et al. Safety and efficacy of 
Bempedoic acid to reduce LDL cholesterol // N Engl J Med. 2019. 
Vol. 380, N 11. P. 1022–1032. doi: 10.1056/nejmoa1803917

60. Tibuakuu M., Blumenthal R.S., Martin S.S.  Bempedoic Acid 
for LDL-C lowering: what do we know? [Электронный 
ресурс]  // American College of Cardiology. Aug 10, 2020. 
Режим доступа: https://www.acc.org/latest-in-cardiology/ar-
ticles/2020/08/10/08/21/bempedoic-acid-for-ldl-c-lowering. 
Дата обращения: 29.02.2024.

61. Arca M., Minicocci I., Maranghi M. The angiopoietin-like 
protein 3: a hepatokine with expanding role in metabo-
lism //  Curr Opin Lipidol. 2013. Vol. 24, N  4. P. 313–320.  
doi: 10.1097/mol.0b013e3283630cf0

62. Musunuru K., Pirruccello J.P., Do R., et al. Exome sequenc-
ing, ANGPTL3 mutations, and familial combined hypolipi-
demia //  N  Engl J Med. 2010. Vol. 363, N  23. P. 2220–2227.  
doi: 10.1056/nejmoa1002926

63. Dewey F.E., Gusarova V., Dunbar R.L., et al. Genetic and 
pharmacologic inactivation of ANGPTL3 and cardiovascu-
lar disease //  N Engl J Med. 2017. Vol. 377, N  3. P. 211–221.  
doi: 10.1056/nejmoa1612790

64. Stitziel N.O., Khera A.V., Wang X., et al. ANGPTL3 Deficiency and 
protection against coronary artery disease // J Am Coll Cardiol. 
2017. Vol. 69, N 16. P. 2054–2063. doi: 10.1016/j.jacc.2017.02.030

65. Chilazi M., Sharma G., Blumenthal R.S., Martin S.S. Angiopoietin-
like 3 (ANGPTL3) — a novel therapeutic target for treatment of 
hyperlipidemia [Электронный ресурс] // American College of 
Cardiology. Jan 06, 2021. Режим доступа: https://www.acc.org/

latest-in-cardiology/articles/2021/01/06/13/01/angiopoietin-
like-3-angptl3. Дата обращения: 29.02.2024. 

66. Raal F.J., Hovingh G.K., Catapano A.L. Familial hypercholesterol-
emia treatments: Guidelines and new therapies // Atherosclerosis. 
2018. Vol. 277. P. 483–492. doi: 10.1016/j.atherosclerosis.2018.06.859

67. Konstantinov VO. Familial hypercholesterolemia: Three “un-
der” (understood, underdiagnosed, and undertreated) disease. 
In: Cardiovascular Risk Factors in Pathology. IntechOpen.  
doi: 10.5772/intechopen.93042

68. Садыкова Д.И., Галимова Л.Ф. Семейная гиперхолесте-
ринемия у детей: клинические проявления, диагно-
стика, лечение // Российский вестник перинатологии 
и педиатрии. 2017. Т. 62, № 5. С. 119–123. EDN: XCWDXR  
doi: 10.21508/1027-4065-2017-62-5-119-123

69. Галимова Л.Ф., Садыкова Д.И., Сластникова Е.С., Усова Н.Э. 
Диагностика семейной гиперхолестеринемии у детей: ка-
скадный скрининг от теории к практике // Кардиоваску-
лярная терапия и профилактика. 2020 Т. 19, № 3. C. 191–196.  
EDN: VYMTKN doi: 10.15829/1728-8800-2020-2348

70. Захарова И.Н., Османов И.М., Пшеничникова И.И. и др. 
Гипер холестеринемия у детей и подростков: фокус на семей-
ный вариант // Медицинский совет. 2021. № 17. С. 294–299.  
EDN: AGKVPC doi: 10.21518/2079-701X-2021-17-294-299

71. Ежов М.В., Близнюк С.А., Тмоян Н.А. и др. Регистр пациентов 
с семейной гиперхолестеринемией и пациентов очень высокого 
сердечно-сосудистого риска с недостаточной эффек тивностью 
проводимой гиполипидемической терапии (РЕНЕССАНС)  // 
Российский кардиологический журнал. 2019. Т. 24, № 5. 
С. 7–13. EDN: ZGREKR doi: 10.15829/1560-4071-2019-5-7-13

72. Ежов М.В., Сергиенко И.В., Рожкова Т.А. и др. Диагностика и лече-
ние семейной гиперхолестеринемии (российские рекоменда-
ции) // Вестник современной клинической медицины. 2017. Т. 10, 
№ 2. С. 72–79. EDN: YKOSDZ doi: 10.20969/VSKM.2017.10(2).72-79

73. Pogoda T., Metelskaya V., Perova N., Limborska S. Detection 
of the apoB-3500 mutation in a Russian family with coronary 
heart disease // Hum Hered. 1998. Vol. 48, N  5. P. 291–292.  
doi: 10.1159/000022819

74. Крапивнер С.Р., Малышев П.П., Полтараус А.Б. и др. Случай 
семейной гиперхолестеринемии, вызванный новой мутаци-
ей D461Y в гене рецептора липопротеинов низкой плотно-
сти  // Кардиология. 2001. Т. 41, № 1. С. 92–94. EDN: MOTAFT

75. Шахтшнейдер Е.В., Макаренкова К.В., Астракова К.С. и др. 
Таргетное секвенирование гена PCSK9 пациентов с семейной 
гиперхолестеринемией в России // Кардиология. 2017. Т.  57, 
№ 6. С. 46–51. EDN: YUEIUX doi: 10.18565/cardio.2017.6.46-51

Information about the authors / Информация об авторах

Institute of Experimental Medicine, Saint Petersburg, Russia 
ФГБНУ «Институт экспериментальной медицины», Санкт­Петербург, Россия

Faina М. Zakharova — Cand. Sci. (Biology),  
Senior Research Associate  
of Department of Molecular Genetics.  
ORCID: 0000-0002-9558-3979;  
eLibrary SPIN: 9699-5744;  
е-mail: fzakharova@mail.ru

Фаина Михайловна Захарова — канд. биол.  наук,  
старший научный сотрудник отдела 
молекулярной  генетики.  
ORCID: 0000-0002-9558-3979;  
eLibrary SPIN: 9699-5744;  
е-mail: fzakharova@mail.ru

https://doi.org/10.1007/s11883-017-0684-8
https://doi.org/10.1016/s0140-6736(14)61374-x
https://doi.org/10.1016/j.jacc.2020.05.027
https://doi.org/10.1161/circulationaha.119.044431
https://doi.org/10.1056/nejmoa1803917
https://www.acc.org/latest-in-cardiology/articles/2020/08/10/08/21/bempedoic-acid-for-ldl-c-lowering
https://www.acc.org/latest-in-cardiology/articles/2020/08/10/08/21/bempedoic-acid-for-ldl-c-lowering
https://doi.org/10.1097/mol.0b013e3283630cf0
https://doi.org/10.1056/nejmoa1002926
https://doi.org/10.1056/nejmoa1612790
https://doi.org/10.1016/j.jacc.2017.02.030
https://www.acc.org/latest-in-cardiology/articles/2021/01/06/13/01/angiopoietin-like-3-angptl3
https://www.acc.org/latest-in-cardiology/articles/2021/01/06/13/01/angiopoietin-like-3-angptl3
https://www.acc.org/latest-in-cardiology/articles/2021/01/06/13/01/angiopoietin-like-3-angptl3
https://doi.org/10.1016/j.atherosclerosis.2018.06.859
https://doi.org/10.5772/intechopen.93042
https://elibrary.ru/xcwdxr
https://doi.org/10.21508/1027-4065-2017-62-5-119-123
https://elibrary.ru/vymtkn
https://doi.org/10.15829/1728-8800-2020-2348
https://elibrary.ru/agkvpc
https://doi.org/10.21518/2079-701X-2021-17-294-299
https://elibrary.ru/zgrekr
https://doi.org/10.15829/1560-4071-2019-5-7-13
https://elibrary.ru/ykosdz
https://doi.org/10.20969/VSKM.2017.10(2).72-79
https://doi.org/10.1159/000022819
https://elibrary.ru/motaft
https://elibrary.ru/yueiux
https://doi.org/10.18565/cardio.2017.6.46-51
https://orcid.org/0000-0002-9558-3979
https://www.elibrary.ru/author_profile.asp?spin=9699-5744
https://orcid.org/0000-0002-9558-3979
https://www.elibrary.ru/author_profile.asp?spin=9699-5744


АнАлитические обзоры / ANALYTICAL REVIEWS

Медицинский академический журнал ISSN 1608-4101 (Print) 
Medical Academic Journal ISSN 2687-1378 (Online)

Том Выпуск 
Volume 24 Issue 1  2024

36

Michail Yu.Mandelshtam — Dr. Sci. (Biology),  
Leading Research Associate  
of Department of Molecular Genetics.  
ORCID: 0000-0002-7135-3239;  
eLibrary SPIN: 1893-9417;  
е-mail: amitinus@mail.ru

Михаил Юрьевич Мандельштам — д-р  биол.  наук, 
ведущий научный сотрудник отдела 
молекулярной  генетики.  
ORCID: 0000-0002-7135-3239;  
eLibrary SPIN: 1893-9417;  
е-mail: amitinus@mail.ru

Tatiana Yu. Bogoslovskaya — Cand. Sci. (Biology),  
Research Associate of Department of Molecular Genetics.  
ORCID: 0000-0002-9480-1073;  
eLibrary SPIN: 8406-6162;  
е-mail: ktu17@yandex.ru

Татьяна Юрьевна Богословская — канд. биол. наук, 
научный сотрудник отдела молекулярной генетики.  
ORCID: 0000-0002-9480-1073;  
eLibrary SPIN: 8406-6162;  
е-mail: ktu17@yandex.ru

Vadim B. Vasilyev — MD, Dr. Sci. (Medicine), Professor, 
Head of the Department of Molecular Genetics.  
ORCID: 0000-0002-9707-262X;  
eLibrary SPIN: 8298-1469;  
е-mail: vadim@biokemis.ru

Вадим Борисович Васильев — д-р мед. наук, профессор, 
заведующий отделом молекулярной генетики.  
ORCID: 0000-0002-9707-262X;  
eLibrary SPIN: 8298-1469;  
е-mail: vadim@biokemis.ru

 
 Corresponding author / Контактное лицо

Faina М. Zakharova  / Фаина Михайловна Захарова 
Address: 12 Academician Pavlov St., Saint Petersburg, 197022, Russia  
Адрес: Россия, 197022, Санкт-Петербург, ул. Академика Павлова, д. 12  
Е-mail: fzakharova@mail.ru

Information about the authors / Информация об авторах

https://orcid.org/0000-0002-7135-3239
https://www.elibrary.ru/author_profile.asp?spin=1893-9417
https://orcid.org/0000-0002-7135-3239
https://www.elibrary.ru/author_profile.asp?spin=1893-9417
https://orcid.org/0000-0002-9480-1073
https://www.elibrary.ru/author_profile.asp?spin=8406-6162
https://orcid.org/0000-0002-9480-1073
https://www.elibrary.ru/author_profile.asp?spin=8406-6162
https://orcid.org/0000-0002-9707-262X
https://www.elibrary.ru/author_profile.asp?spin=8298-1469
https://orcid.org/0000-0002-9707-262X
https://www.elibrary.ru/author_profile.asp?spin=8298-1469

	МЕДИЦИНСКИЙ АКАДЕМИЧЕСКИЙ ЖУРНАЛ
	MEDICAL ACADEMIC JOURNAL
	Molecular diagnostics of familial hypercholesterolemia in Russia: yesterday, today and tomorrow
	Молекулярная диагностика семейной гиперхолестеринемии в России: вчера, сегодня, завтра
	What is the incidence of familial hypercholesterolemia in Russia?
	Molecular nature of familial hypercholesterolemia
	History of familial hypercholesterolemia studies in Russia
	The spectrum of mutations in the low-density lipoprotein-receptor gene in patients with familial hypercholesterolemia in Russia
	New hypocholesterolemic drugs that appeared during the study of the genetics of familial hypercholesterolemia
	Conclusion
	Additional information
	Дополнительная информация
	References
	Список литературы
	Information about the authors / Информация об авторах



