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Summary. Monogenic hyperlipidemias are a group of inherited disorders characterized by elevated plasma
concentrations of lipids and lipoproteins. High plasma concentrations of lipids are the most frequent risk
factor for cardiovascular disease. Monogenic hyperlipidemias are a minor cause with respect to multifactorial
hyperlipidemias. Diagnosis is based on clinical findings and lipid panel measurements. Genetic testing is use-
ful for confirming diagnosis and for differential diagnosis, recurrence risk calculation and prenatal diagnosis
in families with a known mutation. Monogenic hyperlipidemias can have either autosomal dominant or reces-

sive inheritance. (www.actabiomedica.it)
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Monogenic hyperlipidemias are a group of inher-
ited disorders characterized by elevated plasma con-
centrations of lipids, such as cholesterol and triglycer-
ides (T'G), and lipoproteins, such as chylomicron, very
low-density lipoprotein (VLDL), low-density lipo-
protein (LDL) and high-density lipoprotein (HDL)
(1). High plasma concentrations of lipids, especially
low density lipoprotein cholesterol (LDL-C), lead to
early onset atherosclerosis and are the most frequent
risk factor for cardiovascular disease (2), whereas high
plasma levels of HDL-C are associated with a lower
risk of cardiovascular disease (2). Monogenic hyper-
lipidemias are a minor cause with respect to multifac-
torial hyperlipidemias (3).

Monogenic hyperlipidemias are classified on the
basis of the primary lipid or lipoprotein anomaly, such
as elevated concentrations of LDL-C, low concentra-
tions of HDL-C, or elevated TG. Primary disorders
with elevated plasma concentrations of LDL-C in-
clude familial hypercholesterolemia (FH), autosomal

dominant hypercholesterolemia types 2, 3, 4 and 5,
and autosomal recessive hypercholesterolemia. The
most frequent condition is FH, characterized by very
high LDL-C and xanthomas (patches of yellowish
cholesterol build-up) around the eyelids and in the
tendons of the elbows, hands, knees and feet. Hete-
rozygous FH has a prevalence of 1:200-250, while ho-
mozygous FH (including true homozygosis and com-
pound heterozygosis) is much rarer with a prevalence
of 1:160000-250000 (4).

Since plasma levels of HDL-C are inversely relat-
ed to cardiovascular risk, hereditary disorders that de-
crease HDL levels are of clinical importance, though
rare. They include Tangier disease and homozygous
deficiencies in apolipoprotein A-1 or lecithin-choles-
terol acyltransferase (2).

Primary hypertriglyceridemias result from ge-
netic defects in metabolism or synthesis of TG. Their
prevalence is estimated at less than 0.2%. Except for
lipoprotein lipase deficiency, which manifests in child-
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hood, they usually manifest in adulthood (5). Disor-
ders in this category include familial chylomicronemia
(associated with deficiencies in LPL or APOC2), se-
vere hypertriglyceridemia (associated with deficiencies

in APOAS5, LMF1 or GPIHBP1), infantile hypertri-

glyceridemia and hyperlipoproteinemia type 3. Clini-
cal findings may include eruptive or palmar xanthomas
and very high TG levels which are associated with
increased risk of recurrent pancreatitis and premature
cardiovascular disease.

Table 1. Genes associated with various forms of monogenic hyperlipidemia

Gene OMIM Disease O.N[ M Inheritance Function
gene disease
. Major protein constituent of
APOB 107730 Hypercholesterolemia, B 144010 AD chylomicrons, DL, VLDL
LDLR 606945 FH 143890 AD Endocytosis of LDL
PCSK9 607786 FH3 603776 AD Crucial regulator of plasma
cholesterol homeostasis
LDLRAP1 605747 ARH 603813 AR Endocytosis of LDLR in
hepatocytes and lymphocytes
Hvperlinobroteinemia Lipoprotein-mediated lipid
APOE 107741 Yperipop ’ 617347 AD transport between organs via plasma
type III . i, .
and interstitial fluids
Combined hvperlipidemia bHLH transcription factor that
USF1 191523 e 602491 AD binds pyrimidine-rich initiator
elements, E-box motifs
ABCAL 600046 Pr.1mary o 604091 AR Cholesteral efflux pump for lipid
hypoalphalipoproteinemia removal from cells
APOA1 107680 Pr.imary o 604091 AR Promotion 9f choleste.rol efflux from
hypoalphalipoproteinemia tissues to liver
LCAT 606967 FED 136120 AR Esterifying enzyme required for
cholesterol transport
1L 609708 Hyperlipoproteinemia 238600 AR AHydr(})lysis of triglycerides of
type I circulating chylomicrons, VLDL
APOC2 608083 Apohpopr.o tein C-I 207750 AR Activator of lipoprotein lipase
deficiency
GPIEBP1 612757 Hyperlipoproteinemia 615947 AR Lipolytic pr?cessing of
type ID chylomicrons
GPD1 138420 HTGTI 614480 AR Synthesis of glycerol-3-phosphate,
NAD*
L MF1 611761 Combin.ed lipase 246650 AR Matur‘ation anfi transport of
deficiency lipoprotein lipase
APOAS 606368 F.amlhal. . 145750 AD Regulator of plasma triglyceride
hypertriglyceridemia levels

FH=familial hypercholesterolemia; ARH=autosomal recessive hypercholesterolemia; FED=Fish-eye disease; HTGTI=transient in-
fantile hypertriglyceridemia; AD=autosomal dominant; AR=autosomal recessive.
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Diagnosis is based on clinical findings and lipid
panel measurements, including total cholesterol, low-
density lipoprotein cholesterol, high-density lipo-
protein cholesterol and triglycerides. Genetic testing
is useful for confirming diagnosis and for differential
diagnosis, recurrence risk calculation and prenatal
diagnosis in families with a known mutation. Differ-
ential diagnosis should consider secondary causes of
hypercholesterolemia and hypertriglyceridemia, such
as diabetes mellitus (types I and II), obesity, metabolic
syndrome, hyperthyroidism, medications, nephrotic
syndrome, acute hepatitis, alcohol abuse and preg-
nancy. Primary causes of hyperlipidemia also require
differential diagnosis among themselves.

Monogenic hyperlipidemias can have autosomal
dominant or autosomal recessive inheritance (Table 1).
Pathogenic variants may be missense, nonsense, splicing
or small indels. Large deletions/duplications have been
reported in APOB, LDLR, LDLRAP1, APOE, ABCA1,
APOA1, LCAT, LPL, APOC2, GPIHBPI and APOAS.

We use a multi-gene NGS panel to detect nucle-
otide variations in coding exons and flanking introns
of the above genes, and MLPA to detect duplications
and deletions in APOB, LDLR, L.DIL.RAP1, APOE,
ABCAI1, APOA1, LCAT, LPL, APOC2, GPIHBPI and
APOAS. Worldwide, 30 accredited medical genetic
laboratories in the EU and 8 in the US, listed in the
Orphanet (6) and GTR (7) databases, respectively, of-
fer genetic tests for monogenic hyperlipidemias. The
guidelines for clinical use of genetic testing are de-
scribed in Genetics Home Reference (8).

Conclusions

We created a NGS panel to detect nucleotide
variations in coding exons and flanking regions of all

the genes associated with cardiac disorders. When a
suspect of hyperlipidemia is present, we perform the
analysis of all the genes present in this short article.

In order to have a high diagnostic yield, we devel-
oped a NGS test that reaches an analytical sensitivity
(proportion of true positives) and an analytical speci-
ficity (proportion of true negatives) of 299% (coverage
depth >10x).

Conflict of interest: Each author declares that he or she has no
commercial associations (e.g. consultancies, stock ownership, equity
interest, patent/licensing arrangement etc.) that might pose a con-
flict of interest in connection with the submitted article

References

1. Dron JS, Hegele RA. Genetics of lipid and lipoprotein disor-
ders and traits. Curr Genet Med Rep 2016; 4: 130-41.

2. Hegele RA. Plasma lipoproteins: genetic influences and clin-
ical implications. Nat Rev Genet 2009; 10: 109-21.

3. Mariotti S, Capparuccia C, Ripa C, et al. I ruolo della bio-
logia molecolare nella diagnosi e terapia delle malattie car-
diovascolari. G Ital Cardiol 2010; 11: 730-45.

4. Youngblom E, Pariani M, Knowles JW. Familial hypercho-
lesterolemia. GeneReviews. Seattle (WA): University of
Wiashington, Seattle, 2014.

5. Shah AS, Wilson DP. Primary hypertriglyceridemia in chil-
dren and adolescents. ] Clin Lipidol 2015; 9: S20-8.

6. https://www.orpha.net/consor/cgi-bin/index.php

7. https://www.ncbi.nlm.nih.gov/gtr/

8. https://ghr.nlm.nih.gov/

Received: 5 August 2019

Accepted: 5 September 2019

Correspondence:

Stefano Paolacci

Via delle Maioliche 57/D - 38068 Rovereto (TN), Italy
E-mail: stefano.paolacci@assomagi.org



