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The exponential expansion of genomic data coupled with the lack of appropriate clinical categorization of the variants is
posing a major challenge to conventional medications for many common and rare diseases. To narrow this gap and
achieve the goals of personalized medicine, a collaborative effort should be made to characterize the genomic variants
functionally and clinically with a massive global genomic sequencing of “healthy” subjects from several ethnicities.
Familial-based clustered diseases with homogenous genetic backgrounds are amongst the most beneficial tools to help
address this challenge
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| 1. Introduction

Familial hypercholesterolemia (FH) is the most common and first acquired pathology of lipoprotein metabolism to be
characterized genetically and clinically &. It is identified by elevated levels of absolute low-density lipoprotein cholesterol
(LDL-C) in the blood, early-onset of atherosclerotic cardiovascular diseases (ASCVD), fat accumulation in external
tissues, and tendon and cutaneous xanthomas [&. Globally, heterozygous FH afflicts around one in 250-500 individuals,
with a more noticeable predominance in special communities, including the Christian Lebanese, French-Canadian,
Finnish, and Afrikaner Bl. Medical symptoms of the severe phenotype, a homozygous FH, initiates at the early stages of
childhood with a predicted incidence of one in a million. The intensity of FH complications such as coronary ostium and
aortic root predominantly rely on total LDL-C levels HIEl. Clinical examination of FH can be verified based on premature
cardiovascular diseases (CVD), physical marks, and history of raised cholesterol levels. In addition to the serum lipids
analysis, various systemic diagnostic guidelines suggest cascade genomic examining to detect FH and confirm the
polymorphisms in family members up to the third degree, including the Dutch Lipid Clinic Network—Make Early Diagnosis
to Prevent Early Deaths (Dutch-MEDPED) E. Genetic testing could facilitate early recognition and treatment of
undiagnosed, untreated FH patients and is known to provide a better prognosis of the disease.

Inherited disease-causative impairments of the low-density lipoprotein-receptor gene, (LDLR) present in 70-90% of
subjects, and, less commonly, the apolipoprotein B gene (APOB), as well as proprotein convertase subtilin/Kexin, member
nine genes (PCSK9) have been linked to raised lipoprotein cholesterol in FH (190-400 mg/dL) Bl Additional genes
encoding the LDLR-adaptor protein 1 (LDLRAP1) and apolipoprotein E (APOE) can infrequently correlate with cholesterol
homeostasis and promote the development of autosomal recessive FH 4. APOB and APOE genes are responsible for
encoding ApoB-100 and ApoB-48 isoforms as well as ApoE, respectively, which are the elemental apolipoproteins of the
LDL-C and are the protein ligands of LDLR. PCSK9 gene encodes member 9 of the PCSK family that involves the
lysosomal degeneration and coordination of LDLR. The LDLRAP1 protein encoded by the LDLRAP1 gene has a
phosphotyrosine binding domain that interacts and harmonizes the LDLR activity. The physiological uptake and
catabolism of fats are essentially mediated by hepatic LDLR, which is encoded via the LDLR gene B4, |nterestingly, the
number of variations in LDLR and associated genes related to the clinical manifestations of FH is uniformly rising.

For a long time, there was an apparent focus on investigating LDLR variants to recognize the impact on the medical,
biochemical, and pathological phenotypes of FH monogenic dysfunctions. It is noteworthy that the significant phenotypic
diversity of lipids and coronary artery disorders depends on the nature of FH genetic defects. These defects are
modulated, however, by various genetic and epigenetic factors, and, thus, various pathological genotypes can
differentially impact the circulating levels of LDL-C &l For instance, a nonsense variant in the LDLR (c.2043 C>A, p.
cys681X) was predominantly combined with familial hypercholesterolemia in nearly 82% of Lebanese cases. This
Lebanese allele leads to a LDLR loss-of-function (null) defect and attenuates hepatic metabolism and removal of LDL-C
and is believed to lead to a very severe phenotype 2. Paradoxically, the mutation is a founder mutation in the Lebanese



population and was encountered in Lebanese individuals with normal cholesterol levels. This indicates the presence of
unrecognized variants and/or an epigenetic signature that counters the effects of the deleterious LDLR mutation in these
cases 19, Consequently, genetic diagnostic screening of disease-causative mutations, considered the gold standard for
FH detection, is not enough but should be coupled with whole-genome sequencing and/or methylation analysis to further
stratify affected members within familial cases.

Despite the prevalence of FH and the significance of early determination and management of the condition, only 15-20%
of FH subjects are diagnosed by medical examination. Untreated patients with heterozygous FH have a nearly 20-fold
higher raised incidence of premature coronary artery disease relative to cases without FH 1. Coronary artery disease
and heart attacks restrict coronary blood flow, causing the pumping chamber to enlarge, widen, and attenuate. Ultimately,
this damage will lead to ischemic cardiomyopathy, potentially reducing the ability of cardiomyocytes to pump blood 121,
The earliest clinical mark of the disease regularly happens throughout the third decade of growth, particularly in severe
cases with LDLR-negative mutational status, such as fatal myocardial infarction . Appropriate identification and
management could control the lipid levels and limit the life-threatening complications of FH. A current examination
documented that early introduction of lipid-lowering medicine throughout childhood and adolescents in cases with FH can
ameliorate the pathological progression and reduce the incidence of ASCVD, explaining the considerable advantage of
immediate FH treatment 31, Numerous studies have revealed that only 10% reached the recommended cholesterol levels
even though most patients receive the maximum tolerated cholesterol-modulating drugs 24!,

The pharmacological variation among FH patients has been linked to the genomic single nucleotide polymorphisms
(SNPs) of genes associated with cholesterol catabolism and biosynthesis 221, In extreme cases of FH, genetic screening
could potentially be used to examine the response variability and, therefore, to effectively personalize the therapeutic care
plan for the anti-lipid interventions and CVD risk preventions. Under this scenario, this review will discuss the
management of familial hypercholesterolemia with the standard and innovative therapeutic strategies from the prospect of
pharmacogenomics and its link to the causative genetic mutations underlying the phenotype.

| 2. FH Management

The main goal of FH therapy is to reduce relative LDL-C by more than 50% or to lower LDL-C to 100 mg/dL in adults
without ASCVD. For FH subjects with ASCVD or major CVD risk, the 2019 ESC/EAS guidelines recommend a more than
50% reduction of LDL-C or less than 55 mg/dL of absolute LDL-C €. Therapeutic lifestyle modifications such as restricted
diet, regular physical training, limiting alcohol intake, and smoking cessation are all fundamental in the controlling of FH
(28] |n addition, patients should be counseled to maintain healthy blood sugar, blood pressure, and weight. Despite the
paramount importance of non-pharmacological management in all FH patients, optimizing cholesterol levels and
preventing CVD are hardly achieved without pharmacological interventions .

Currently, B-hydroxy-B-methylglutaryl coenzyme A reductase (HMGCR) inhibitors at the highest tolerable dose are
strongly recommended to be initiated immediately at diagnosis in all FH adults. Monotherapy, daily doses of the
aggressive statins, and HMGCR inhibitors, including atorvastatin 40—80 mg and rosuvastatin 20—40 mg orally per day, are
expected to decrease LDL-C approximately 50-60%, as reported in various cholesterol-lowering studies 1141 \When the
target fails to be achieved, stepwise intensification of anti-lipid medications should be considered. Ezetimibe, a cholesterol
uptake blocker, can decrease the LDL-C by nearly 25% and is recommended as an adjunctive second-line treatment (&
(11,

PCSK9-based medications are a great breakthrough in FH pharmacotherapy, with a reduction in LDL-C ranging from 25%
to 30%. The anti-PCSK9 monoclonal antibodies, evolocumab, and alirocumab, should be initiated if maximum intense
statins and ezetimibe fail to sufficiently control the lipid profile in FH cases with a major risk of cardiomyopathies [, In
2013, the Food and Drug Administration (FDA) approved using a microsomal triglyceride transfer (MTP) inhibitor,
lomitapide, and an oligonucleotide agent, mipomersen, as add-on medications to the classic anti-lipids in adults with the
severe FH phenotype. Lipoprotein apheresis should be offered for individuals with either homozygous FH or severe-
uncontrolled heterozygous FH, which may reduce 60-80% of LDL-C €. The cholesterol metabolism pathway and
pharmacological targets for classical and novel lipid-lowering therapies are schematically summarized in Figure 1.
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Figure 1. Scheme representing the cholesterol metabolism pathway and pharmacological targets for classical and novel
lipid-lowering therapies (generated with BioRender.com). Unique hepatic and intestinal transporters (ABCG5 and ABCG8)
release bile acids, phospholipids, and cholesterol into the biliary system. Inversely, the NPC1L1 protein modulates
cholesterol returning to hepatocytes. Ezetimibe inhibits cholesterol entry into the intestine and liver by the NPC1L1
transporter. Next, chylomicrons are generated through the assembly of TG, cholesterol, and ApoB-48, and released into
the blood circulation (see intestinal lipoproteins pathway). The speed-limiting enzyme of endogenous cholesterol
synthesis, HMGCR (see hepatic lipoproteins pathway), is inhibited via statins. The activated bempedoic acid decreases
the hepatic synthesis of acetyl CoA and cholesterol catabolism by blocking the ACL protein. ApoB-100, phospholipid,
ApoC-lll, and cholesterol assembly into VLDL depend on the activity of MTP, which is blocked by lomitapide. The
degradation of hepatic messenger ribonucleic acid (mMRNA) transcript of ApoB-100 and ApoC-lll is mediated by
mipomersen and gemcabene, respectively. The heteroexchange of TGs and cholesteryl esters between ApoB-lipoproteins
particles relies on CETP activity, which is blocked by CETP inhibitors such as anacetrapib. LDLR interacts and removes
LDL-cholesterol from the blood circulation with the assistance of LDLRAP1. Lysosomal catabolism of LDLR is mediated
by PCSK9. Anti-PCSK9 antibodies, including evolocumab, alirocumab, and inclisiran inhibit the endogenous production
and release of PCSK9. Evinacumab blocks the inhibition of hepatic lipoprotein lipase activity by ANGPTL3. Abbreviations:
ApoB-48/100, Apolipoprotein B protein member 48 & 100; ApoC-lll, Apolipoprotein C protein, member III; ApoE,
Apolipoprotein E protein; HDL, High-density lipoprotein cholesterol; LDL, low-density lipoprotein; VLDL, very-low-density
lipoprotein; TG, triglyceride; LDLR, LDL-receptor; LDLRAP1, LDLR-adaptor protein, member 1; ABCG2, atp-binding
cassette, subfamily g, member 2; HMGCR, B-hydroxy-B-methylglutaryl Coenzyme A Reductase; NPC1L1, Niemann-Pick
Cl-like 1 transporter protein; ACL, adenosine triphosphate citrate lyase; MTP, microsomal triglyceride transfer protein;
LPL, lipoprotein lipase; CETP, cholesteryl ester transfer protein; ANGPTL3, angiopoietin-like protein 3; PCSK9, proprotein
convertase subtilin/kexin 9 protein.

For familial genotyped cases, the current therapeutic protocols suggest maintaining LDL-C below 135 mg/dL for children
aged 10 or older and reducing LDL-C by 50% for younger ages. A healthy lifestyle could achieve this goal in conjugation
with a mild statin regimen, subject to the dosage increase, to reach the targeted cholesterol levels B8] Nevertheless,
various FH cases are still not controlled despite aggressive therapeutic interventions. Contemporary information from the
International Pediatric FH Register revealed that 23% of heterozygous FH children on statins had not reached the
targeted LDL-C goal (below 135 mg/dL) 2.

The wide variation of cholesterol-lowering therapies in terms of the potential adverse effect and therapeutic response is
one of the main challenges in clinical practice, especially in FH patients. In addition to clinical and environmental factors,
including race, gender, age, smoking, and adverse consequences, genomic phenotypes of LDLR, APOB, and PCSK9 can
potentially modulate the sensitivity of anti-lipids. Over the previous decade, many pharmacogenomics and genome-wide
association studies (GWASS) have recognized numerous genetic variations that can affect the therapeutic potency (anti-
lipid pharmacodynamics), drug absorption, metabolism, excretion (anti-lipid pharmacokinetics), and anti-lipid toxicity
pathways [BI18l Accordingly, therapeutic efficiency and safety, and patient quality of life could be promoted through
personalized genomic examination, which is designed to predict the therapeutic response of FH management.

| 3. Pharmacogenomics of Statin in FH

The primary and secondary prevention of CVD and the cornerstone medication in patients with FH are via HMGCR
inhibitors BIIEl. Statins could potentially decrease the plasma levels of atherosclerotic LDL-C via competitively inhibiting the
HMGCR (Figure 1) 1. The inhibition of this protein reduces the hepatic synthesis of cholesterol and, thereby, enhances
LDLR production. Subsequently, the elevated expression of LDLR on the hepatocytic membrane will increase the cellular
uptake of cholesterol from the bloodstream, mainly by the liver. Furthermore, the secretion of ApoB-containing



lipoproteins, LDL, and very-low-density lipoprotein (VLDL), as well as triglycerides from hepatocytes, may also be lowered
via statins 111, The lifelong overburden of high cholesterol makes patients with FH highly susceptible to the risk of CVD
and significantly reduces their life expectancy [&. Although statins robustly diminish cholesterol in addition to CVD
morbidity and mortality by 20-30% in normal individuals, their efficacy is predominantly weaker in FH subjects &, Genetic
variations combined with non-adherence due to statin myotoxicity or hepatotoxicity may cause pharmacological variability
among patients. We will divide the variants according to the effect they have on either the pharmacodynamics or the
pharmacokinetics of these drugs.

3.1. SNPs Linked to Pharmacodynamics of Statins in FH

The hepatocyte endocytosis of lipoproteins is mediated mainly by LDLR in addition to other processing associated
proteins, including PCSK9, APOE, and LDLRAP1. SNPs in the LDLR could selectively reshape the anti-lipids therapeutic
outcome and the incidence of FH and coronary artery conditions. Therefore, the pharmacogenetic analysis principally
concentrates on discovering these mutations, as reviewed in Table 1 [L92021[22123124]  polisecki and colleagues
observed a strong association between the serum-baseline cholesterols and statin efficacy in terms of coronary artery
disease risk in FH patients carrying an LDLR polymorphism (rs1433099, ¢.44857C>T) 258, The 3"-untranslated region (3'-
UTR) of LDLR has been found to play a basic role in the anti-lipids mediated-LDL-C reduction through stabilizing the
LDLR mRNA. Polymorphisms at the 3-UTR loci have been linked to lipid baselines, LDLR activity, and CVD [28],
Interestingly, subjects with mixed LDLR and HMGCR haplotypes have more prominent attenuations in optimizing desired
cholesterols than those carrying a single LDLR mutation 2. The cholesterol-lowering potency of pravastatin has also
been modulated by another LDLR genetic defect (rs5925, ¢.2052T>C) [28]. Recently, LDLR stop-gained pathogenic
variants (c.2027delG, p. Gly676Alafs*33) have been discovered to be correlated with anti-lipid efficacies including statins,
ezetimibe, and clinical manifestations of FH 29,

Several investigations have noticed that the physiological effect of lipid-modifying drugs, especially statin, and the lipid
profile in heterozygous FH subjects is affected by the presence of LDLR variants and the type of mutation. Individuals
carrying a null mutation (deletions result in a frameshift and premature stop codon) were observed to have diminished
LDL-C responses with elevated cholesterols compared to patients carrying a defective (non-frameshift small insertions or
deletions) or without mutation BQB[32][33](34]

Table 1. Pharmacogenomics variations associated with statin response in familial hypercholesterolemia patients.

Significant . . Sample Treatment and - - Author, Year
Gene Mutation * Patients Population Size Daily Dose Clinical Findings (References)
TC reduction is
FH1 (C206G) & . Simvastatin 40 higher in patients  Jeenah et al.,
LDLR FH2 (G408A) HetFH  Afrikaners 20 mg with FH2 than 1993 [29]
FH1
Reduction of
LDL-C, apoA, and Leitersdorf
LDLR C660X, D147H, & Het-EH israeli 64 Fluvastatin 40 elevation of HDL- et al,, 1993
652delGGT mg C depend [23]
variously on
LDLR mutations
Statin sensitive is
higher in men
. Lovastatin 80 with E4 than E3 Carmena et
APOE E2,3, & 4 alleles Het-FH Canadian 49 mg or E2 or women al., 1993 (351
with any APOE
phenotype
LDL-C reduction
Fhronawi1 (Del is higher in
exon15) Pravastatin & . . Kajinami et
LDLR Het-FH Japanese 12 . patients with [20]
&FHkaNAZAWA cholestyramine al., 1998
(C665T) FHkanazawa than
FH1 FHronamI-1
LDL-C reduction
is higher in
W66G, C646Y, & . Simvastatin 20 patients with Couture et
LDLR deletion>15 kb HetFH  Canadian 63 mg C646Y & deletion  al., 1998 [21]
> 15 kb than

W66G




Significant . . Sample Treatment and L - Author, Year
Gene Mutation * Patients Population size Daily Dose Clinical Findings (References)
. . LDL-C is higher
Severe and mild . Simvastatin + in patients with Sun et al.,
LDLR LDLR Het-FH British 42 bile acid severe than mild (1998) [33]
sequestrant .
mutation
LDL-C reduction
. is higher in
LDLR Null and defective Het-FH British 109 Simvastatin patients with Heath et[éll"
LDLR . (1999)
defective than
null mutation
LDL-C, TC, &
Avall (rs5925T>C), ApoB reduction
Hincll (rs688C>T), - Fluvastatin 40- is higher in Salazar et
LbLrR & Pvull Het-FH Brazilian 55 80 mg patients with al., 2000 22
(rs2569542A>G) Avall & Pvull than
Hincll
Low HDL-C &
poor statin
. . . response are
Null and defective . Simvastatin 20 . . . Chaves et
LDLR LDLR FH Spanish 55 mg hlgl.1er in patl.ents al., (2001) [32]
with defective
than null
mutations
Atorvastatin 10 re:::r:sst:ail:z?gh O’Neill et al
APOE E4 allele Het-FH British 19 n;i +ul::ter:::1|td in patients with 2001 1381
q E4 phenotype
LDL-C reduction
. . is higher in
LDLR Null and defective Het-FH Canadian 63 Atorvastatin 20 patients with null Vohl et[g_;.],
LDLR mg . (2002)
than defective
mutation
LDL-C & ApoB
. reduction is L
G1775A Atorvastatin 20 Miltiadous et
LDLR y Het-FH Greek 49 higher in patients [24]
G1646A, & C858A mg with G1775A than al., 2005
G1646A & C858A
High reduction of
TG in men and o
Atorvastatin 20 low reduction of Garcia-Garc
MTP c.493 GT Het-FH Spanish 222 . ia et al., 2005
mg VLDL & TG in [38]
women with ¢.493
GT allele
-867
CETP 867 and LDL-C reduction
Ex14/1405V . o .
Het-EH israeli 76 Fluvastatin 40 is high among Bercovich et
mg CETP & MDR1 al., 2006 32
MDRI1 ¢.(G2677T) and c. mutants
(C3435T)
. . PCVD & TC is
Simvastatin or higher in patients
Null and defective . atorvastatin 80 . Alonso et al.,
LDLR LDLR Het-FH Spanish 811 mg * bile acid with nuII_than 2008 1421
defective
sequestrant R
mutations
High LDL-C
. Rosuvastatin 10 reduction among Hu et al.,
ABCG2 rs2231142 FH Chinese 386 mg patients with AA 2010 1411
genotype
Poor LLT
. . response & high
Maximum statin
Null and defective . " PCVD in patients Mata et al.
LDLR LDLR FH Spanish 387 doses ** + with null than (2011) 42

ezetimibe 10 mg

defective
mutations




Significant . . Sample Treatment and L - Author, Year
Gene Mutation * Patients Population size Daily Dose Clinical Findings (References)
Twins Hom-FH have a
with low LDL-C
Hom-FH Simvastatin 40 reduction and
and . mg + ezetimibe high statin Schaefer et
LDLR W5S6R parents Turkish 4 10 mg or LDL resistance, but al., 2012 [431
with Het- apheresi Het-FH respond
FH (one to statin with 60%
family) LDL-C reduction
High statin
. sensitivity among
CYP3A4 rs2740574 FH Chilean 142 At°r"‘::tat'" 10 patients with ;°;z'1e25 o
9 CYP3A4 .
mutations
High LDL-C, TC,
FH with . . Atorvastatin 10, & TG reductionin  Ahmed et al.,
ANRIL rs1333049 cvD Pakistani 611 20 or 40 mg patients with CC 2013 1481
genotype
LDL-C reduction
is more in
Null (W66G) and . . .
. - Atorvastatin 10, patients with Santos et al.,
LDLR defective (C646Y) Het-FH Brazilian 156 20 or 40 mg defective than 2014 1301
LDLR .
with null
mutation
High LDL-C & TC
Atorvastatin 10, reduction in Drogari et
POR rs1057868 FH Greek 105 20and40mg  patientswith 1/1  al., 2014 148
genotype
Atorvastatin 10- :eg:clt_igt-i(; Santos et al
] - . .
MYLIP rs9370867 Het-FH Brazilian 156 _80_mg * patients with AA 2014 471
ezetimibe 10 mg
genotype
PSCK?9 gain-of-
PSCK9 E32K function variants
Atorvastatin 80 significantly .
Hom-FH Japanese 1055 mg & ezetimibe worsen LDLR Mabuchl,[&st
al., 2014
10 mg phenotype and
LDLR Double allele decrease LDL-C
reduction
Poor LLT
Null and defective Maximum statin é\?:r':?s.nzfeg;'licxgr Perez de Isla
LDLR FH Spanish 4132 doses ** + - 9 etal., 2016
LDLR . in null than in [14]
ezetimibe 10 mg .
defective
mutation
Atorvastatin 80 LLT efflcacy. N
mg, ezetimibe attenuated in Sanna et al
LDLR p.(Cys155Gly) Hom-FH Belgian 8 9 patients with [34]
10 mg, 2016
. nonsense LDLR
cholestyramine .
mutations
French Poor statin Leduc et al
HMGCR rs3846662 Het-FH - 106 Statin + LLTQ response among [a9]
Canadian 2016
HMGCR mutants
W87G, C368Y, Ato;vastatin
T7261, G2fsX214, oles . Bococizumab
rosuvastatin s
D47N, N97H, . effecacy is higher
LDLR
E101K, C216fsX, Het-FH Am:rll':jcan 139 2?;:‘\?3:12;: than statin in Fazio et al.,
L582P, C667Y, & Canadi 20180 ma. + reducing LDL-C 2018 U
LDLR-17-18 del anadian ma across LDLR &
Bococizumab APOB variants
0.25,1,3,0r6
APOB R3527Q mglkg




Significant . . Sample Treatment and L - Author, Year
Gene Mutation * Patients Population Size Daily Dose Clinical Findings (References)
Het-LDLR LD_L-C_redutftion
LDLR . . . is higher in
mutation Maximum statin . .
EH Spanish 22 doses ** + patients with p. Beaetal.,
e = (Leu167del) 2019 54
ezetimibe 10 mg .
mutation than
APOE p.(Leul67del) LDLR
1528941776 Loss-of-function
LDLR ¢.(5211>C; mutations
SLCO1B1*5) & c. Rosuvastatin 40 . Dagli-
SLCO1B1 . - enhance statin
ABCB11 (388A>G; FH Caucasian 1 mg & ezetimibe mvotoxicity and Hernandez et
CyP3AS SLCO1B1*1B) 10 mg y ola itys al., 2021 52
rs2287622 e gnse
CYP3A5*3 P
Clinical
LDLR c.(2027delG), p. FH (2 saudi 12 Statin + n;ir:‘lfe:(t)a:tchI)-r_:_s Awan et al.,
(Gly676Alafs*33)  families) ezetimibe p 2021 221

response depend
on LDLR variants

* Borderline significance (p < 0.05). ** Maximum tolerated dose of statin: simvastatin 80 mg, pravastatin 40 mg, lovastatin
80 mg, fluvastatin 80 mg, atorvastatin 80 mg, or rosuvastatin 20-40 mg. Q LLT including ezetimibe, fibrates, statins,
lomitapide, PCSK?9 inhibitors, bile acid sequestrants (e.g., cholestyramine and colestipol), or niacin. Abbreviations: LLT;
lipid-lowering therapies; PCVD, premature cardiovascular diseases; FH, familial hypercholesterolemia; Het-FH, patients
with heterozygous FH; Hom-FH, patients with homozygous FH; ApoB, Apolipoprotein B protein; HDL-C, High-density
lipoprotein cholesterol; LDL-C, low-density lipoprotein cholesterol; TC, total cholesterol; TG, triglyceride; LDLR, Low-
density lipoprotein receptor; APOB, Apolipoprotein B; ABCG2, atp-binding cassette, subfamily g, member 2; MDR1,
multidrug resistance mutation 1; CYP3A4, Cytochrome P450, family 3, subfamily A, member 4; ANRIL, antisense non-
coding RNA in the INK4 locus; POR, Cytochrome P450 Oxidoreductase; MYLIP, Myosin Regulatory Light Chain
Interacting Protein; HMGCR, B-hydroxy-B-methylglutaryl Coenzyme A Reductase; E, Epsilon; SLCO1B1, solute carrier
organic anion transporter 1B1.

In addition, FH patients with a null mutation in the LDLR gene were identified as having a higher prevalence of CVD than
those with a defective mutation 4442531 Although these individuals at major risk of CVD are on aggressive anti-lipid
regimens, most of them did not achieve the therapeutic goals of LDL-C BAE2 On the contrary, a study by Vohl and
colleagues found that the proportion of patients who achieved LDL-C targets was higher in the null mutants than in the
defective mutants BZ. Schaefer et al. have confirmed that LDLR p.W556R SNP in homozygote FH patients lead to
HMGCR blockers resistance but can obtain a 15% decrease of LDL-C by ezetimibe treatment. Conversely, the same
LDLR mutation in patients with heterozygote FH can decrease 60% of cholesterols under a combination of ezetimibe and
simvastatin 43, These outcomes suggest that altering the LDLR should be a new pharmacological target in controlling FH.

Pharmacogenomic assays have shown that low-activity variants of HMGCR, which encode the cholesterol synthesis
speed-limiting factor, can restrict the therapeutic potency of HMGCR blockers depending on the patients’ gender. For
instance, the HMGCR polymorphism, rs3846662, selectively modulates women’s sensitivity to statin treatments 42,
Variations in the encoding genes of ApoA molecules and lipoprotein (A) (LPA), have been believed to constrain LDL-C
response to statins and intensify coronary artery disorders 4. Several GWAS studies have proved an association
between PCSK9 polymorphisms and statin efficacy. The rs17111584 C allele in PCSK9 decreased the rosuvastatin
efficacy 221, while the rs11599147 polymorphism was linked to elevated anti-lipid response 281, A polymorphism in the WD
repeat domain 52 (WDR52, rs13064411A>G) can indirectly reduce the LDLR response to statins. This mutation is
associated with statin-induced elevation of PCSK9 levels that accelerate the degradation of LDLR, resulting in elevated
total cholesterol levels B4, The myosin regulatory light chain interaction protein (MYLIP) is responsible for regulating the
LDLR function in cellular lipid uptake. A study noted that heterozygous FH patients with the MYLIP rs9370867 allele
respond differently to statin therapy with ezetimibe based on the mutation type. After a year of treatment, the
recommended cholesterol levels could be achieved in FH patients with no mutations but not in those with defective and
null phenotypes 4. All in all, the results from various studies point out to an essential role for the LDLR mutation type in
predicting response to statins but also to a preponderant role to genes involved in LDLR regulation as potential modifiers
to this response
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