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Abstract

In this work we propose a pathogenic classification of 

hypercholesterolemia based on the genes involved, these 

mainly for the health public. Are dividing into non-

syndromic forms where we group the variants in seven 

genes LDLR, APOB, PCSK9, ABCG5, ABCG8, ARH, 

CYP7A1. And the syndromic forms are dysmorphological 

pathologies where hypercholesterolemia is secondary, due to 

variants in the genes that code for G6Pase, PBK, AGL, 

JAG1, NPHS1, MYH9, APTX, TDP1, TTPA, WRNQ, 

CSB, and the ABCG9 gene. In public health, the study of 

syndromic forms of hypercholesterolemia shows genes not 

directly related to cholesterol metabolism, which must be 

ruled out in the molecular profile of the patient and at the 

population level. 
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Introduction 

Hypercholesterolemia is the second most common dyslipidemia in the Mexican population; it is heterogeneous in terms of its 

etiopathogenesis. The etiology can be monogenic or polygenic. Regarding the form of inheritance, they can be Mendelian or 

mitochondrial transmission. There are syndromic forms that generally present secondarily with hypercholesterolemia, but it 

can also present as a polygenic or multifactorial trait. There are syndromic forms in which a responsible or associated genetic 

locus has not been described. There is complex hypercholesterolemia such as dysbetalipoproteinemia, which presents several 

inheritance patterns, which are due to different low penetrance variants in the APOE gene as well as in APOA5, the phenotype 

of this is classified as type III hyperlipoproteinemia [1-3]. 

 

Familial hypercholesterolemia (FH) type I and the LDLR gene 

The gene for the LDL receptor has its locus at 19p13.2, is made up of 18 exons and encodes a 120KD precursor glycoprotein 

(809 amino acids), which subsequently receives the covalent union of another 40KD fraction to form the mature fraction. of 

160KD [7-9]. The clinical heterogeneity of patients with FH is related to the type of mutation. More than 800 genetic variants 

have been described in the LDLR gene, which are grouped into five classes; null alleles, alleles that produce transport defects, 

alleles that lead to defects in ligand binding, as well as alleles that lead to defects in protein internalization and recycling. The 

most frequent genetic variants are deletions and depending on the population studied, they are observed with frequencies 

ranging from 2.5 to 20%. Many of these deletions are located in mutation-prone regions rich in Alu sequences. The frequency 

of heterozygotes varies in the populations studied from 1/100 to 1/600, and for homozygotes 1/30,000. Homozygotes have 

cholesterol levels greater than 500 mg/dl, a concentration that remains constant throughout life [8-9]. On the other hand, 

heterozygotes have serum levels that range between 300 and 500 mg/dl. Premature coronary heart disease is the most 

important manifestation of FH before 30 years of age in homozygotes or compound heterozygotes. Homozygous status for the 

c2271delT mutation has recently been reported in a female proband from Oaxaca, Mexico [10]. 
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Familial hypercholesterolemia type III and PCSK9 gene 

The PCSK9 gene has its locus at 1p32.3, contains 41 exons, 

encodes a protein with 609 amino acids, has a serine 

protease activity of the subtilase family called NARC-1-

Neural-Apoptosis-Regulatory-Convertase 1 that reduces the 

levels hepatic and extrahepatic LDL receptor as well as LDL 

lipoprotein. The variants in the PCSK9 gene are responsible 

for familial hypercholesterolemia type III, they occur with 

an autosomal dominant inheritance pattern, among the most 

common are the nt 625T>A transversion in exon 2, or the 

insertions or specific changes that lead to the amino acid 

substitution in the gene region that codes for the active site 

of the enzyme, such is the case of the p.S127G, or p.F216L 

variants. It should be noted that there are genetic variants of 

the PCSK9 gene with a frequency of 3.2% in the general 

population, which are associated with a reduction in LDL 

cholesterol levels from 15% to 47%. The detection of these 

variants is important, since which are reducing the risk of 

coronary heart disease. In this sense, it has been reported 

that SNV rs2479409 is directly related to cholesterol 

concentrations, as well as to the measurement of LDL 

particles [10-18]. 

 

Autosomal recessive hypercholesterolemia and 

LDLRAP1 

The LDLRAP1 gene has its locus at 1p31. It is expressed 

mainly in the liver and encodes the adapter protein ARH, 

which participates in the cholesterol endocytosis system 

mediated by clathrins, megalin and dad2. Genetic variants in 

this gene are associated with a phenotype very similar to 

homozygotes for LDLR. Obligate heterozygotes have 

normal levels of LDL cholesterol, they also present tendon 

xanthomas and premature coronary heart disease. In the 

Mexican population, a new mutation in intron 4 that affects 

alternative splicing (IVS4+2T>G) was reported. This 

mutation affects the PTB binding domain, the parents of the 

proband were heterozygous for this mutation and were not 

consanguineous [19-21]. 

 

Phytosterolemia and the ABCG5/ABCG8 genes 

The phytosterolemia is an autosomal recessive disorder, 

which is characterized by the absorption of plant sterols, 

including phytosterols. Patients with this condition have 

greater reabsorption of cholesterol from the diet and 

eliminate less cholesterol through the bile. Mediterranean 

stomatosis and macrothrombocytopenia have been described 

in association with sitosterolemia. The genetic variants 

responsible for this phenotype have been located in the 

ABCG5 and ABCG8 genes. These genes encode proteins of 

the ABC family: ABCG5 and ABCG8 of 651 and 673 

amino acids respectively that form a complex for the 

absorption in the intestinal lumen of phytosterols, as well as 

carrying out the transport of sterols to the bile duct. 

Probands with genetic variants in these genes are 

hyperresponders to dietary cholesterol restriction and 

treatment with resins [22-24]. 

 

Hypercholesterolemia with gallstones and the CYP7A1 

gene 

The CYP7A1 gene encodes the enzyme 7--hydroxylase, 

critical in the metabolism of bile acids. Its deficiency 

decreases the production of bile acids and increases liver 

cholesterol. Heterozygotes for genetic variants in this gene 

have intermediate values between unaffected relatives and 

homozygotes [25]. 

 

Inherence Pattern Mitochondrial Hypercholesterolemia 

It has been found that the T>C transition at locus 4291 of 

the gene for tRNA of DNAm is responsible for the 

phenotype with hypomagnesemia, hypertension and 

hypercholesterolemia. Other additional findings are 

migraine headache and hypertrophic cardiomyopathy. This 

mutation presents matrilineal transmission in a homoplasmic 

state [26]. 

 

Combined familial hypercholesterolemia 

It has an autosomal dominant inheritance pattern, generally 

beginning at 20 years of age. Obesity is associated with 

hypertension, obesity and diabetes. The responsible 

HYPLIP1 gene has been mapped to the 1q21-q23 locus; 

linkage studies have also found the D1S104 marker 

proximal to the APOA2 and APOA3 genes to be involved. 

Furthermore, evidence of linkage has been found in the 

region where the genes SOD2, USF1, CETP/LCATy AI-

CII-AIV, Thioredoxin have their locus [27-29]. 

 

Other Hypercholesterolemias and new findings 

There are genetic variants in genes not directly related to the 

synthesis, transport or storage of cholesterol, responsible for 

hypercholesterolemia, among them we have the genetic 

variants in the genes that code for glucose-6-phosphatase, or 

for the subunits of phosphorylase-b-kinase and for the 

glycogen debranching enzyme [30-32]. Allagile syndrome, 

caused by genetic variants in the JAG1 gene (encoding a 

NOTCH1 ligand) occurs with hypercholesterolemia.33 Or 

congenital nephritic syndrome associated with genetic 

variants in the NPHS1 gene that codes for the nephrin 

produced [34]. A variant known as Neuhauser syndrome has 

been reported, this causes megalocornea, mental retardation, 

hypothyroidism, osteopenia and hypercholesterolemia35. 

POTOCKI-LUPSKI syndrome, due to a duplication of the 

17p11.2 locus, is accompanied by isolated 

hypercholesterolemia [36-37]. FECHTNER syndrome is due to 

genetic variants in the MYH9 gene with a locus at 22q12.3, 

and is characterized by hypercholesterolemia, 

macrothrombocytopenia, nephritis, deafness, and leukocyte 

inclusions [38]. Recently was published a severe case of 

hipercolesterolemia asociado a la variante en el DNAmt 

nt14810 C>G [39]. Two pathogenic variants in the LDLR 

gene were detected in 149 individuals: c.-139_-130del (n = 

1) and c.2271del (n = 148). All patients had a heterozygous 

genotype. With the cascade screening of their relatives (n = 

177), 15 heterozygous individuals for the c.2271del variant 

were identified, presenting a mean LDLc of 133 ± 35 mg/dL 

[40]. 

The causal mutation of HoFH was found in 8 of 11 

unrelated patients. Excepting 1, all were true homozygotes. 

Six different variants in LDLR were identified: c.-

139delCTCCCCCTGC, p.Glu140Lys, p.Asp360His, 

p.Asn405Lys, p.Ala755Glyfs*7, and p.Leu759Serfs*6. Of 

these, p.Asp360His and p.Asn405Lys were detected for the 

first time in Mexico; p.Leu759Serfs*6 showed to be the 

most frequent (43.7% of the alleles 7/16), and c.-

139delCTCCCCCTGC is a new variant located in the 

promoter region [41]. 

In normal weight Mestizo subjects, the APOB TT 

and LDLR GG genotypes were associated risk factors for 

hypercholesterolemia (OR = 5.33, 95%CI: 1.537-
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18.502, P = 0.008 and OR = 3.90, 95%CI: 1.042-

14.583, P = 0.043, respectively), and displayed an increase 

in low-density lipoprotein cholesterol levels (APOB: β = 

40.39, 95%CI: 14.415-66.366, P = 0.004; LDLR: β = 20.77, 

95%CI: 5.763-35.784, P = 0.007) [42]. 

In the pupulation the Triunfo (Quimixtlan, Puebla) in a 

study cross seccionatility sixteen of 308 individuals 

presented an LDLc level >170 mg/dL and all of them turned 

out to be heterozygous for the LDLR p.Asp360His variant. 

Subsequently, 34 of their first-degree relatives (mainly 

siblings and parents) were genotyped rendering six 

additional HeFH patients, which resulted in 22 carriers of 

the mutated allele [43]. 

A total of 860 Mexicans of Mexico Center (between 18 and 

25 years of age were genotyped for the ABCG2 (Q191K), 

SLC22A12 (517G>A), and XDH (518T>C) polymorphisms, 

the ABCG2 polymorphism was associated with 

hyperuricemia (OR=2.43, 95% CI: 1.41-4.17, p =0.001) and 

hypercholesterolemia (OR = 4.89, 95% CI: 1.54-15.48, p = 

0.003), employing a dominant model, but only in male 

participants [45]. 

In western population 306 subjects aged 18-65 years, 

classified as normal weight or excess weight (EW) 

according to their BMI. EW included BMI from 25 to 39.9 

kg/m2. Participants were classified into two metabolic 

phenotypes: Metabolically healthy/metabolically unhealthy 

(MH/MUH), the FTO rs9939609 variant may influence 

serum lipid concentrations, increasing the risk of 

hypercholesterolemia [46]. 

In conclusión Hypercholesterolemia is a disorder of the 

global public health problem and worldwide. The 

understanding of its pathogenesis does not allow a clinical 

approach in communities and at the first level of health care. 

Therefore, due to the risk that hypercholesterolemia 

represents and because it is present in most lipid disorders, 

we consider that the family doctor should recognize the 

main entities that present with dyslipidemia that must be 

ruled out. 
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