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Abstract

Familial hypercholesterolemia is an inherited lipid metabolism disorder char-
acterized by markedly elevated low-density lipoprotein cholesterol levels in pa-
tients, thereby increasing the risk of atherosclerotic cardiovascular disease and
imposing a substantial burden on individuals, families, and society. Advances in
molecular biotechnology are vital for the screening, diagnosis, and treatment of
familial hypercholesterolemia. This article systematically reviews how genetic
testing technologies, particularly the development of next-generation sequenc-
ing, have enhanced screening efficiency and diagnostic accuracy for familial hy-
percholesterolemia, while concurrently introducing numerous variants of uncer-
tain significance. In contrast to pharmacotherapy, gene editing or transgenic
technologies can rectify molecular defects in patients with familial hypercholes-
terolemia, holding promise for curative treatment at the molecular level. How-
ever, clinical studies have demonstrated that these therapeutic modalities are
associated with adverse effects such as hepatic injury, and long-term follow-up
remains necessary to establish their efficacy. Therefore, this review summarizes
the latest advances in molecular biotechnologies—including genetic testing and
gene therapy—for the diagnosis and treatment of familial hypercholesterolemia,
aiming to provide novel perspectives for future research on this disease.

Full Text
1. Literature Search Strategy

We conducted computerized searches of PubMed, Web of Science, and other
databases from inception through April 2024. Keywords included “Familial Hy-
percholesterolemia”and related terms such as “genetic testing,”“screening,”“Next-
Generation Sequencing,” “CRISPR/Cas9,” “gene editing,” “atherosclerosis,” and
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“coronary heart disease.” Inclusion criteria comprised studies on Type II hyper-
cholesterolemia characterized by elevated LDL-C (including both heterozygous
and homozygous FH), while excluding other inherited lipid disorders such as
familial dysbetalipoproteinemia, familial lipoprotein lipase deficiency, Tangier
disease, and familial LCAT deficiency. Studies addressing screening, genetic
diagnosis, and treatment were included. Exclusion criteria comprised irrelevant
studies, those with unavailable full text, and articles with questionable content.
A total of 69 references were included.

2. FH Genetic Screening

Early identification of FH relies on effective screening strategies. Current ap-
proaches include universal screening, systematic screening, targeted screening,
and opportunistic screening. Among these, cascade screening of first-degree
relatives of confirmed FH patients is the most efficient method for identifying
potential cases. Given that FH is more readily detectable in childhood, par-
ticularly in homozygous patients, researchers have proposed a “child-parent
screening” approach: lipid levels are measured during 12-month vaccination vis-
its, and if abnormalities are detected, next-generation sequencing (NGS) is used
to confirm FH variants. Positive results trigger screening of parents and first-
degree relatives. A UK pilot program has demonstrated the cost-effectiveness
of this method, though official approval remains pending.

FH genetic screening can be categorized into targeted testing (e.g., gene panels)
and whole-genome testing (e.g., NGS). Targeted testing offers lower cost and
faster turnaround but only detects known mutations. Whole-genome testing,
while more expensive, can identify rare mutations in genes such as PCSK9 and
LDL receptor adaptor protein 1 (LDLRAP1). Studies show that whole-exome
sequencing identifies pathogenic mutations in approximately 27% of suspected
FH patients, whereas targeted testing detects mutations in only 8%, resulting
in a high false-negative rate. BENEDEK et al. found that Swedish FH patients
exhibit specific high-frequency mutations, with LDLR mutations accounting
for 96% of all variants, primarily ¢.23114+1_{2312}-1(2514)del (FH Helsinki)
and ¢.259T>G. They therefore recommend initial targeted screening for sus-
pected FH patients in Sweden, with NGS used for further clarification when
needed. In contrast, ZHANG et al.” s survey of Chinese patients revealed no
predominant high-frequency mutations: LDLR mutations accounted for only
37%, ATP-binding cassette subfamily G member 5/8 mutations for 7% each,
and lipoprotein lipase and lipase C mutations for 3% each, with digenic muta-
tions present in 7%. Consequently, targeted screening is not recommended for
China. Meanwhile, BRANDON et al.” s US study found that genetic testing
alone identifies 3.7 cases per 1,000 adults, while the Dutch Lipid Clinic Net-
work (DLCN) criteria alone identifies 3.8 cases per 1,000. However, combining
DLCN criteria with genetic testing increases detection to 6.6 cases per 1,000,
substantially improving screening efficiency. Based on China’ s epidemiologi-
cal characteristics, we recommend using NGS combined with clinical diagnostic
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criteria such as DLCN for FH screening to optimize cost-effectiveness, while pi-
loting the “child-parent screening” method to evaluate its socio-economic value
in the Chinese context.

3.1 Genetic Testing for FH Diagnosis

Pathogenic mutations in LDLR, APOB, PCSK9, apolipoprotein E (APOE),
and LDLRAP1 are the primary causes of FH . LDLR mutations predominantly
involve single-base changes clustered in exons 4, 2-8, and 14, likely due to their
encoding of critical protein domains. LDLR gene rearrangements account for
approximately 10% of FH variants and are classified as copy number variations.
Certain intronic variants, such as ¢.2140+103G>T and ¢.2141-218G>A, can
also affect splicing or transcription, leading to FH. APOB mutations are con-
centrated in exon 26, particularly near codon 3500, with over 1,100 variants
identified—90% base substitutions, 8% deletions, and 2% insertions. Recent dis-
coveries of variants such as p.(Arg50Trp), p.(Arg3527Gln), and p.(Arg3527Trp)
may impair APOB binding to LDLR, elevating LDL-C levels. PCSK9 mutations
represent a smaller proportion of FH cases, primarily involving single nucleotide
variations. The ClinVar database records approximately 1,000 PCSK9 variants,
with only 15 classified as pathogenic or likely pathogenic, reflecting the complex-
ity of determining pathogenicity for PCSK9 variants. Certain APOE mutations
are associated with FH phenotypes, such as p.(Argl63Cys) and p.(Leul67del).
Other APOE variants have been identified in clinically suspected FH patients
but remain unclassified due to lack of functional analysis and family studies.
LDLRAP1 mutations cause autosomal recessive FH, with approximately 100
variants recorded, 34 of which are considered pathogenic, mostly insertions or
deletions. Compared to other genes, LDLRAP1 mutation carriers exhibit lower
ASCVD event rates and later onset.

3.2 Variants of Unknown Significance

As more countries establish FH molecular diagnostic laboratories and commer-
cial testing services, the number of identified variants has increased substan-
tially. However, detecting a mutation in an FH patient does not confirm its
pathogenicity. In 2015, the American College of Medical Genetics and Genomics
published guidelines classifying variants into five categories—benign, likely be-
nign, variant of unknown significance (VUS), likely pathogenic, and pathogenic
—based on multiple data types including population data, computational pre-
dictions, functional data, and co-segregation evidence. The UK Association for
Clinical Genomic Science classifies most LDLR variants as pathogenic, with a
minority remaining VUS. The ClinGen Familial Hypercholesterolemia Variant
Curation Expert Panel has developed specific interpretation rules for LDLR
variants, clarifying the importance of cysteine residues and functional domains
and establishing evaluation criteria such as carrier frequency in healthy versus
patient populations and familial co-segregation evidence. These standards help
unify pathogenicity assessment of novel variants. Additionally, various bioinfor-
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matics analysis methods based on NGS data can streamline this process.

3.3 Identification of Beneficial Mutations Through Genetic Testing

BJORNSSON et al. recently identified a gain-of-function LDLR mutation in
an Icelandic pedigree. This mutation involves a 2.5 kb deletion at the 3 un-
translated region terminus, removing a microRNA target site that normally
suppresses LDLR expression. Carriers exhibited 1.79-fold higher LDLR protein
levels and 74% lower LDL-C compared to non-carriers. MENG et al. discov-
ered two PCSK9 loss-of-function mutations (E144K and C378W) in Chinese
Uyghur populations that inhibit PCSK9 autocleavage or endoplasmic reticulum
release, effectively reducing PCSK9 expression. Genetic testing of patients with
extremely low lipid levels, combined with functional studies, can thus provide
deeper insights into protein function and identify novel therapeutic targets for
lipid intervention.

4. FH Gene Therapy

Gene therapy aims to correct genetic molecular defects and restore normal phys-
iological function, theoretically offering the potential to cure FH at the molec-
ular level. Current approaches include: (1) transgenic technology using adeno-
associated virus (AAV) vectors, already FDA-approved for inherited retinal dys-
trophy and spinal muscular atrophy. Preclinical studies in LDLR knockout mice
demonstrated that AAV-8-mediated gene therapy could restore LDLR protein
expression, reduce LDL-C, and reverse atherosclerotic plaque progression. How-
ever, a Phase I/II trial in HoFH patients (NCT02651675) showed no significant
LDL-C reduction and dose-dependent transaminase elevation, likely due to T-
cell mediated autoimmunity against the viral vector. (2) CRISPR/Cas gene
editing technology, which precisely modifies DNA sequences and has shown effi-
cacy in treating amyloidosis and sickle cell disease. Preclinical studies targeting
various cholesterol metabolism pathways are underway. Recent non-human pri-
mate studies using lipid nanoparticles (LNPs) to deliver CRISPR demonstrated
83% reduction in plasma PCSK9 and 69% reduction in LDL-C, with effects last-
ing 476 days post-administration. The primary adverse effect was transient liver
enzyme elevation without pathological changes, suggesting clinical feasibility. A
Phase I human trial (NCT05398029) has been initiated.

Vaccine research targeting cholesterol metabolism is in early development, with
expected effects similar to monoclonal antibodies but potentially more durable
due to continuous antibody production. Two PCSK9-targeting vaccines have
completed Phase I safety testing; one candidate (AT04A) showed 7.2% LDL-C
reduction at 90 weeks, with fatigue, headache, and myalgia as the most com-
mon systemic adverse events. Angiopoietin-like protein 3 (ANGPTL3) inhibits
lipoprotein lipase and endothelial lipase, regulating lipid metabolism indepen-
dently of LDLR, making it theoretically suitable for FH treatment. The fully hu-
man monoclonal antibody evinacumab, which inhibits ANGPTL3, has demon-
strated clear lipid-lowering efficacy and good safety in clinical trials for HoFH
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and HeFH. ANGPTL3-targeting vaccines are also in preclinical development,
showing preliminary efficacy in reducing atherosclerosis in FH mouse models,
though further safety and efficacy studies are needed.

5. Summary and Outlook

Familial hypercholesterolemia, a relatively common inherited lipid metabolism
disorder, has seen its diagnosis and treatment advance alongside evolving molec-
ular biotechnology. Key contributions include: (1) Screening optimization:
Cascade screening is widely adopted globally. The recently proposed “child-
parent screening” combines universal and reverse screening advantages, facili-
tating early FH detection in children while identifying carrier parents, demon-
strating favorable cost-effectiveness in theory and preliminary practice. Given
China’ s epidemiological characteristics with diverse mutations, NGS combined
with clinical criteria like DLCN is recommended to improve screening efficiency,
while piloting child-parent screening to validate its local value. (2) Genetic
testing optimization: NGS technology continues to improve diagnostic yields.
International guidelines help classify VUS, and bioinformatics methods may
streamline analysis. Genetic testing of patients with extremely low lipid lev-
els can uncover novel therapeutic targets. (3) Gene therapy: The feasibility
of gene editing and transgenic approaches has been validated in animal mod-
els, with several Phase I/II trials underway to establish efficacy and safety in
humans, offering hope for curative treatment.

Current limitations remain. First, child-parent screening awaits ethical and
governmental approval and requires validation across diverse populations. Sec-
ond, the relatively recent adoption and high cost of NGS mean most studies
still use Sanger sequencing of limited gene regions, potentially underestimating
prevalence. Wider NGS implementation and cost reduction will enable whole-
exome or whole-genome sequencing for greater accuracy. Finally, while AAV
and CRISPR-based gene therapies show promise in preclinical studies, prelim-
inary results indicate hepatotoxicity and other adverse effects, necessitating
long-term follow-up to clarify treatment-related complications, lipid-lowering
efficacy, and prognostic impact.

Author Contributions: ZHANG Shuo contributed to conceptualization, data
collection, and manuscript drafting; ZHANG Long contributed to revision and
quality control; ZHANG Yan and LI Jianping contributed to study design, su-
pervision, and final approval.

Conflict of Interest: The authors declare no conflict of interest.

ORCID: ZHANG Shuo: https://orcid.org/0009-0004-0192-3867

References

[1] ATHAITI X, CHEN S F, LI J X, et al. Prevalence of familial hypercholes-
terolemia and its association with coronary artery disease: a Chinese cohort

chinarxiv.org/items/chinaxiv-202406.00127 Machine Translation


https://chinarxiv.org/items/chinaxiv-202406.00127

ChinaRxiv [$X]

study[J]. Chronic Dis Transl Med, 2023, 9(2): 134-142. DOIL: 10.1002/cdt3.69.

[2] ZHOU Y C, LUO G, ZHANG A, et al. Genetic identification of familial
hypercholesterolemia within whole genome sequences in 6820 newborns[J]. Clin
Genet, 2024, 105(3): 308-312. DOI: 10.1111/cge.14453.

[3] AMERIZADEH A, JAVANMARD S H, SARRAFZADEGAN N, et al. Famil-
ial hypercholesterolemia (FH) registry worldwide: a systematic review[J]. Curr
Probl Cardiol, 2022, 47(10): 100999. DOI: 10.1016/j.cpcardiol.2021.100999.

[4] CHEN P P, CHEN X, ZHANG S Y. Current status of familial hypercholes-
terolemia in China: a need for patient FH registry systems[J]. Front Physiol,
2019, 10: 280. DOT: 10.3389/fphys.2019.00280.

[5] SHI Z M, YUAN B J, ZHAO D, et al. Familial hypercholesterolemia
in China: prevalence and evidence of underdetection and undertreatment
in a community population[J]. Int J Cardiol, 2014, 174(3): 834-836. DOL:
10.1016/j.ijcard.2014.04.165.

[6] FUTEMA M, TAYLOR-BEADLING A, WILLTAMS M, et al. Genetic test-
ing for familial hypercholesterolemia-past, present, and future[J]. J Lipid Res,
2021, 62: 100139. DOI: 10.1016/j.j1r.2021.100139.

[7] TAYLOR A, WANG D, PATEL K, et al. Mutation detection rate
and spectrum in familial hypercholesterolaemia patients in the UK pilot
cascade project[J]. Clin Genet, 2010, 77(6): 572-580. DOI: 10.1111/j.1399-
0004.2009.01356.x.

[8] BODAMER O A, BERCOVICH D, SCHLABACH M, et al. Use of denatur-
ing HPLC to provide efficient detection of mutations causing familial hyperc-
holesterolemia[J]. Clin Chem, 2002, 48(11): 1919-1924.

[9] JENSEN H K, JENSEN L G, HANSEN P S, et al. High sensitivity of the
single-strand conformation polymorphism method for detecting sequence vari-
ations in the low-density lipoprotein receptor gene validated by DNA sequenc-
ing[J]. Clin Chem, 1996, 42(8 Pt 1): 1241-1244.

[10] TAYLOR A, TABRAH S, WANG D, et al. Multiplex ARMS analysis to
detect 13 common mutations in familial hypercholesterolaemia[J]. Clin Genet,
2007, 71(6): 561-568. DOI: 10.1111/j.1399-0004.2007.00807 ..

[11] CUCHEL M, RAAL F J, HEGELE R A, et al. 2023 Update on European
Atherosclerosis Society Consensus Statement on Homozygous Familial Hyper-
cholesterolaemia: new treatments and clinical guidance[J]. Eur Heart J, 2023,
44(25): 2277-2291. DOI: 10.1093/eurheartj/ehad197.

[12] IYEN B, AKYEA R K, WENG S, et al. Statin treatment and LDL-
cholesterol treatment goal attainment among individuals with familial
hypercholesterolemia in primary care[J]. Open Heart, 2021, 8(2): e001817.
DOT: 10.1136/openhrt-2021-001817.

chinarxiv.org/items/chinaxiv-202406.00127 Machine Translation


https://chinarxiv.org/items/chinaxiv-202406.00127

ChinaRxiv [$X]

[13] WATTS G F, GIDDING S S, HEGELE R A, et al. International
Atherosclerosis Society guidance for implementing best practice in the care of
familial hypercholesterolemia[J]. Nat Rev Cardiol, 2023, 20(12): 845-869. DOIL:
10.1038/s41569-023-00892-2.

[14] WATTS G F, SULLIVAN D R, HARE D L, et al. Integrated guidance for
enhancing the care of familial hypercholesterolemia in Australia[J]. Heart Lung
Cire, 2021, 30(3): 324-349. DOIL: 10.1016/j.h1c.2020.09.943.

[15] MACH F, BAIGENT C, CATAPANO A L, et al. 2019 ESC/EAS Guidelines
for the management of dyslipidaemias: lipid modification to reduce cardiovascu-
lar risk[J]. Eur Heart J, 2020, 41(1): 111-188. DOI: 10.1093/eurheartj/ehz455.

[16] WALD D S, BESTWICK J P, MORRIS J K, et al. Child-parent familial
hypercholesterolemia screening in primary care[J]. N Engl J Med, 2016, 375(17):
1628-1637. DOI: 10.1056/NEJMoal602777.

[17] MCKAY A J, HOGAN H, HUMPHRIES S E, et al. Universal screening at
age 1-2 years as an adjunct to cascade testing for familial hypercholesterolemia
in the UK: a cost-utility analysis[J]. Atherosclerosis, 2018, 275: 434-443. DOL
10.1016/j.atherosclerosis.2018.05.047.

[18] BENEDEK P, JIAO H, DUVELL K, et al. Founder effects facilitate the use
of a genotyping-based approach to molecular diagnosis in Swedish patients with
familial hypercholesterolemia[J]. J Intern Med, 2021, 290(2): 404-415. DOL
10.1111/joim.13287.

[19] STURM A C, TRUTY R, CALLIS T E, et al. Limited-variant screening
vs comprehensive genetic testing for familial hypercholesterolemia diagnosis[J].
JAMA Cardiol, 2021, 6(8): 902-909. DOI: 10.1001/jamacardio.2021.1301.

[20] ZHANG Q W, CHANG G Y, TANG Y J, et al. Genotypic and phenotypic
features of dyslipidemia in a sample of pediatric patients in China[J]. BMC
Pediatr, 2023, 23(1): 138. DOI: 10.1186/s12887-023-03952-z.

[21] BELLOWS B K, KHERA A V, ZHANG Y Y, et al. Estimated yield of
screening for heterozygous familial hypercholesterolemia with and without ge-
netic testing in US adults[J]. J Am Heart Assoc, 2022, 11(11): €025192. DOL
10.1161/JAHA.121.025192.

[22] SRIVASTAVA R A K. A review of progress on targeting LDL receptor-
dependent and -independent pathways for the treatment of hypercholes-
terolemia, a major risk factor of ASCVD[J]. Cells, 2023, 12(12): 1648. DOL:
10.3390/cells12121648.

[23] RODRIGUEZ-JIMENEZ C, DE LA PENA G, SANGUINO J, et
al. Identification and functional analysis of APOB variants in a cohort of
hypercholesterolemic patients[J]. Int J Mol Seci, 2023, 24(8): 7635. DOL
10.3390/ijms24087635.

[24] ABIFADEL M, VARRET M, RABES J P, et al. Mutations in PCSK9 cause

chinarxiv.org/items/chinaxiv-202406.00127 Machine Translation


https://chinarxiv.org/items/chinaxiv-202406.00127

ChinaRxiv [$X]

autosomal dominant hypercholesterolemia[J]. Nat Genet, 2003, 34(2): 154-156.
DOTI: 10.1038/ngl161.

[25] MARAIS A D. Apolipoprotein E in lipoprotein metabolism, health
and cardiovascular disease[J]. Pathology, 2019, 51(2): 165-176.  DOL
10.1016/j.pathol.2018.11.002.

[26] ISMAIL A B, BALCI OGLU O, OZCEM B, et al. APOE gene variation’
s impact on cardiovascular health: a case-control study[J]. Biomedicines, 2024,
12(3): 695. DOI: 10.3390 /biomedicines12030695.

[27] GARCIA C K, WILUND K, ARCA M, et al. Autosomal recessive hyper-
cholesterolemia caused by mutations in a putative LDL receptor adaptor pro-
tein[J]. Science, 2001, 292(5520): 1394-1398. DOIL: 10.1126/science.1060458.

[28] HOBBS H H, BROWN M S, GOLDSTEIN J L. Molecular genetics of the
LDL receptor gene in familial hypercholesterolemialJ]. Hum Mutat, 1992, 1(6):
445-466. DOI: 10.1002/humu.1380010602.

[29] GARCIA-GARCIA A B, REAL J T, PUIG O, et al. Molecular genetics of
familial hypercholesterolemia in Spain: ten novel LDLR mutations and popula-
tion analysis[J]. Hum Mutat, 2001, 18(5): 458-459. DOI: 10.1002/humu.1218.

[30] JEON H, BLACKLOW S C. Structure and physiologic function of the low-
density lipoprotein receptor[J]. Annu Rev Biochem, 2005, 74: 535-562. DOL:
10.1146 /annurev.biochem.74.082803.133354.

[31] CHORA J R, IACOCCA M A, TICHY L, et al. The Clinical Genome Re-
source (ClinGen) Familial Hypercholesterolemia Variant Curation Expert Panel
consensus guidelines for LDLR variant classification[J]. Genet Med, 2022, 24(2):
293-306. DOT: 10.1016/j.gim.2021.09.012.

[32] BERBERICH A J, HEGELE R A. The role of genetic testing in dyslipi-
daemia[J]. Pathology, 2019, 51(2): 184-192. DOI: 10.1016/j.pathol.2018.10.014.

[33] REESKAMP L F, HARTGERS M L, PETER J, et al. A deep intronic
variant in LDLR in familial hypercholesterolemia[J]. Circ Genom Precis Med,
2018, 11(12): e002385. DOI: 10.1161/CIRCGEN.118.002385.

[34] REESKAMP L F, BALVERS M, PETER J, et al. Intronic variant screen-
ing with targeted next-generation sequencing reveals first pseudoexon in LDLR
in familial hypercholesterolemialJ]. Atherosclerosis, 2021, 324: 35-42. DOL:
10.1016/j.atherosclerosis.2021.02.003.

[35] MISEREZ A R, KELLER U. Differences in the phenotypic characteristics of
subjects with familial defective apolipoprotein B-100 and familial hypercholes-
terolemia[J]. Arterioscler Thromb Vasc Biol, 1995, 15(10): 1719-1729. DOL:
10.1161/01.atv.15.10.1719.

[36] VRABLIK M, TICHY L, FREIBERGER T, et al. Genetics of familial
hypercholesterolemia: new insights[J]. Front Genet, 2020, 11: 574474. DOL
10.3389/fgene.2020.574474.

chinarxiv.org/items/chinaxiv-202406.00127 Machine Translation


https://chinarxiv.org/items/chinaxiv-202406.00127

ChinaRxiv [$X]

[37] THOMAS E R A, ATANUR S S, NORSWORTHY P J, et al. Identification
and biochemical analysis of a novel APOB mutation that causes autosomal
dominant hypercholesterolemia[J]. Mol Genet Genomic Med, 2013, 1(3): 155-
161. DOI: 10.1002/mgg3.17.

[38] HUMPHRIES S E, WHITTALL R A, HUBBART C S, et al. Genetic causes
of familial hypercholesterolemia in patients in the UK: relation to plasma lipid
levels and coronary heart disease risk[J]. J Med Genet, 2006, 43(12): 943-949.
DOTI: 10.1136/jmg.2006.038356.

[39] GAFFNEY D, REID J M, CAMERON I M, et al. Independent muta-
tions at codon 3500 of the apolipoprotein B gene are associated with hyper-
lipidemia[J]. Arterioscler Thromb Vasc Biol, 1995, 15(8): 1025-1029. DOL
10.1161/01.atv.15.8.1025.

[40] ALVES A C, ETXEBARRIA A, SOUTAR A K, et al. Novel func-
tional APOB mutations outside LDL-binding region causing familial
hypercholesterolemia[J]. Hum Mol Genet, 2014, 23(7): 1817-1828. DOL:
10.1093/hmg/ddt573.

[41] KARCZEWSKI K J, FRANCIOLI L C, TTAO G, et al. The mutational
constraint spectrum quantified from variation in 141,456 humans[J]. Nature,
2020, 581(7809): 434-443. DOI: 10.1038/s41586-020-2308-7.

[42] LANDRUM M J, LEE J M, RILEY G R, et al. ClinVar: public archive of
relationships among sequence variation and human phenotype[J]. Nucleic Acids
Res, 2014, 42(Database issue): D980-985. DOI: 10.1093 /nar/gkt1113.

[43] MARDUEL M, OUGUERRAM K, SERRE V, et al. Description of a
large family with autosomal dominant hypercholesterolemia associated with
the APOE p.Leul67del mutation[J]. Hum Mutat, 2013, 34(1): 83-87. DOL
10.1002/humu.22215.

[44] WINTJENS R, BOZON D, BELABBAS K, et al. Global molecular
analysis and APOE mutations in a cohort of autosomal dominant hyperc-
holesterolemia patients in France[J]. J Lipid Res, 2016, 57(3): 482-491. DOL:
10.1194/jlr.P055699.

[45] FELLIN R, ARCA M, ZULIANI G, et al. The history of Autosomal Reces-
sive Hypercholesterolemia (ARH). From clinical observations to gene identifica-
tion[J]. Gene, 2015, 555(1): 23-32. DOI: 10.1016/j.gene.2014.09.020.

[46] NAOUMOVA R P, NEUWIRTH C, LEE P, et al. Autosomal reces-
sive hypercholesterolemia: long-term follow up and response to treatment[J].
Atherosclerosis, 2004, 174(1): 165-172. DOI: 10.1016/j.atherosclerosis.2004.01.020.

[47] RICHARDS S, AZIZ N, BALE S, et al. Standards and guidelines for
the interpretation of sequence variants: a joint consensus recommendation
of the American College of Medical Genetics and Genomics and the Asso-
ciation for Molecular Pathology[J]. Genet Med, 2015, 17(5): 405-424. DOL
10.1038/gim.2015.30.

chinarxiv.org/items/chinaxiv-202406.00127 Machine Translation


https://chinarxiv.org/items/chinaxiv-202406.00127

ChinaRxiv [$X]

[48] TACOCCA M A, WANG J, DRON J S, et al. Use of next-generation se-
quencing to detect LDLR gene copy number variation in familial hypercholes-
terolemialJ]. J Lipid Res, 2017, 58(11): 2202-2209. DOI: 10.1194/j1r.D079301.

[49] BJORNSSON E, GUNNARSDOTTIR K, HALLDORSSON G H, et al. Life-
long Reduction in LDL (Low-Density Lipoprotein) Cholesterol due to a Gain-of-
Function Mutation in LDLR/[J]. Circ Genom Precis Med, 2021, 14(1): e003029.
DOTI: 10.1161/CIRCGEN.120.003029.

[50] MENG F H, LIU S, XTAO J, et al. New loss-of-function mutations in PCSK9
reduce plasma LDL cholesterol[J]. Arterioscler Thromb Vasc Biol, 2023, 43(7):
1219-1233. DOI: 10.1161/ATVBAHA.122.318839.

[61] RUSSELL S, BENNETT J, WELLMAN J A, et al. Efficacy and safety of
voretigene neparvovec (AAV2-hRPEG5v2) in patients with RPE65-mediated in-
herited retinal dystrophy: a randomised, controlled, open-label, phase 3 trial[J].
Lancet, 2017, 390(10097): 849-860. DOI: 10.1016/S0140-6736(17)31868-8.

[52] MENDELL J R, AL-ZAIDY S, SHELL R, et al. Single-dose gene-
replacement therapy for spinal muscular atrophy[J]. N Engl J Med, 2017,
377(18): 1713-1722. DOT: 10.1056/NEJMoal706198.

[63] KASSIM S H, LI H, VANDENBERGHE L H, et al. Gene therapy in a hu-
manized mouse model of familial hypercholesterolemia leads to marked regres-
sion of atherosclerosis[J]. PLoS One, 2010, 5(10): e13424. DOI: 10.1371/jour-
nal.pone.0013424.

[64] GREIG J A, LIMBERIS M P, BELL P, et al. Nonclinical pharmacol-
ogy/toxicology study of AAV8.TBG.mLDLR and AAV8.TBG.hLDLR in a
mouse model of homozygous familial hypercholesterolemia[J]. Hum Gene Ther
Clin Dev, 2017, 28(1): 28-38. DOI: 10.1089/humec.2017.007.

[55] TROMP T R, CUCHEL M. New algorithms for treating homozygous fa-
milial hypercholesterolemia[J]. Curr Opin Lipidol, 2022, 33(6): 326-335. DOL:
10.1097/MOL.0000000000000853.

[56] GEORGE L A, SULLIVAN S K, GIERMASZ A, et al. Hemophilia B gene
therapy with a high-specific-activity factor IX variant[J]. N Engl J Med, 2017,
377(23): 2215-2227. DOI: 10.1056/NEJMoal708538.

[57] GILLMORE J D, GANE E, TAUBEL J, et al. CRISPR-Cas9 in vivo gene
editing for transthyretin amyloidosis[J]. N Engl J Med, 2021, 385(6): 493-502.
DOI: 10.1056/NEJMoa2107454.

[68] FRANGOU H, ALTSHULER D, CAPPELLINI M D, et al. CRISPR-Cas9
gene editing for sickle cell disease and S-thalassemialJ]. N Engl J Med, 2021,
384(3): 252-260. DOI: 10.1056/NEJMoa2031054.

[59] MUSUNURU K, CHADWICK A C, MIZOGUCHI T, et al. In vivo CRISPR
base editing of PCSK9 durably lowers cholesterol in primates[J]. Nature, 2021,
593(7859): 429-434. DOI: 10.1038/s41586-021-03534-y.

chinarxiv.org/items/chinaxiv-202406.00127 Machine Translation


https://chinarxiv.org/items/chinaxiv-202406.00127

ChinaRxiv [$X]

[60] DOERFLER A M, PARK S H, ASSINI J M, et al. LPA disruption with
AAV-CRISPR potently lowers plasma apo(a) in transgenic mouse model: a
proof-of-concept study[J]. Mol Ther Methods Clin Dev, 2022, 27: 337-351. DOL:
10.1016/j.omtm.2022.10.009.

[61] ZHAY W, LU Y Y, ZHANG T, et al. CRISPR/Cas9-mediated knockout of
APOCS stabilizes plasma lipids and inhibits atherosclerosis in rabbits[J]. Lipids
Health Dis, 2021, 20(1): 180. DOI: 10.1186/s12944-021-01605-7.

[62] MUSUNURU K. Moving toward genome-editing therapies for cardiovascular
diseases[J]. J Clin Invest, 2022, 132(1): €148555. DOI: 10.1172/JCI148555.

[63] LEE R G, MAZZOLA A M, BRAUN M C, et al. Efficacy and safety of
an investigational single-course CRISPR base-editing therapy targeting PCSK9
in nonhuman primate and mouse models[J]. Circulation, 2023, 147(3): 242-253.
DOTI: 10.1161/CIRCULATIONAHA.122.062132.

[64] ZEITLINGER M, BAUER M, REINDL-SCHWAIGHOFER R, et
al. A phase I study assessing the safety, tolerability, immunogenicity, and
low-density lipoprotein cholesterol-lowering activity of immunotherapeutics
targeting PCSK9[J]. Eur J Clin Pharmacol, 2021, 77(10): 1473-1484. DOL
10.1007/s00228-021-03149-2.

[65] DEWEY F E, GUSAROVA V, DUNBAR R L, et al. Genetic and pharma-
cologic inactivation of ANGPTL3 and cardiovascular disease[J]. N Engl J Med,
2017, 377(3): 211-221. DOT: 10.1056/NEJMoal612790.

[66] KUEHN B M. Evinacumab approval adds a new option for homozygous fa-
milial hypercholesterolemia with a hefty price tag[J]. Circulation, 2021, 143(25):
2494-2496. DOI: 10.1161/CIRCULATIONAHA.121.055463.

[67] STEFANUTTI C, CHAN D C, GTACOMO S D, et al. Long-term efficacy
and safety of evinacumab in patients with homozygous familial hypercholes-
terolemia: real-world clinical experience[J]. Pharmaceuticals, 2022, 15(11): 1389.
DOI: 10.3390/ph15111389.

[68] ROSENSON R S, BURGESS L J, EBENBICHLER C F, et al. Evinacumab
in patients with refractory hypercholesterolemia[J]. N Engl J Med, 2020, 383(24):
2307-2319. DOI: 10.1056/NEJMo0a2031049.

[69] FUKAMI H, MORINAGA J, NAKAGAMI H, et al. Vaccine targeting
ANGPTL3 ameliorates dyslipidemia and associated diseases in mouse models
of obese dyslipidemia and familial hypercholesterolemia[J]. Cell Rep Med, 2021,
2(11): 100446. DOT: 10.1016/j.xcrm.2021.100446.

(Received: 2024-03-20; Revised: 2024-05-20)
(Editor: ZHAO Yuecui)
Note: Figure translations are in progress. See original paper for figures.

Source: ChinaXiv —Machine translation. Verify with original.

chinarxiv.org/items/chinaxiv-202406.00127 Machine Translation


https://chinarxiv.org/items/chinaxiv-202406.00127

	Advances in Molecular Biotechnology for the Diagnosis and Treatment of Familial Hypercholesterolemia (Postprint)
	Abstract
	Full Text
	1. Literature Search Strategy
	2. FH Genetic Screening
	3.1 Genetic Testing for FH Diagnosis
	3.2 Variants of Unknown Significance
	3.3 Identification of Beneficial Mutations Through Genetic Testing

	4. FH Gene Therapy
	5. Summary and Outlook
	References


