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Abstract “Primary hypobetalipoproteinemia” refers to an eclec-
tic group of inherited lipoprotein disorders characterized by low
concentrations of or absence of low-density lipoprotein choles-
terol and apolipoprotein B in plasma. Abetalipoproteinemia and
homozygous familial hypobetalipoproteinemia, although caused
by mutations in different genes, are clinically indistinguishable.
A framework for the clinical follow-up and management of these
two disorders has been proposed recently, focusing on monitor-
ing of growth in children and preventing complications by
providing specialized dietary advice and fat-soluble vitamin
therapeutic regimens. Other recent publications on familial com-
bined hypolipidemia suggest that although a reduction of
angiopoietin-like 3 activity may improve insulin sensitivity, com-
plete deficiency also reduces serum cholesterol efflux capacity
and increases the risk of early vascular atherosclerotic changes,
despite low low-density lipoprotein cholesterol levels. Specialist
laboratories offer exon-by-exon sequence analysis for the molec-
ular diagnosis of primary hypobetalipoproteinemia. In the future,
massively parallel sequencing of panels of genes involved in
dyslipidemia may play a greater role in the diagnosis of these
conditions.
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Introduction

“Primary hypobetalipoproteinemia” (HBL) refers to an eclec-
tic group of inherited lipoprotein disorders characterized by
low concentrations (below the fifth percentile for age and sex
in the population) of or absence of low-density lipoprotein
(LDL) cholesterol and apolipoprotein B (apoB) in plasma,
depending on the gene involved and the mode of inheritance
of the condition, together with the severity of the mutation or
mutations present [1].

Abetalipoproteinemia [ABL; also known as Bassen—
Kornzweig syndrome; Online Mendelian Inheritance in Man
(OMIM) 200100] is a very rare (less than one in one million)
recessive condition characterized by the virtual absence of
apoB-containing lipoproteins in plasma that typically presents
early in life with the clinical manifestations of fat malabsorp-
tion, steatorrhea, and failure to thrive, progressing to ophthal-
mological and neurological abnormalities [2]. ABL results
from mutations in both alleles of the microsomal triglyceride
transfer protein (MTTP) gene (MTTP), a molecular chaperone
critical for the formation of triglyceride-rich lipoproteins,
namely, very low density lipoprotein (VLDL) and chylomi-
crons (CM).

Familial HBL (FHBL; OMIM 615558) is a rare (approxi-
mately one in 1,000-3,000) co-dominant condition character-
ized by low levels of LDL cholesterol and apoB caused by a
mutation in the 4APOB gene, usually giving rise to a truncated
apoB protein [3]. Affected individuals are usually asymptom-
atic, but are at increased risk of fatty liver disease. Inheritance
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of two mutations in APOB (compound heterozygous or ho-
mozygous FHBL) is clinically indistinguishable from ABL.

Loss-of-function mutations in PCSK9 result in decreased
LDL cholesterol and apoB levels in a gene dose-dependent
manner, leading to a lifetime low risk of cardiovascular disease
[4]. Heterozygous PCSKY nonsense mutations are found in
approximately 2 % of Africans and African-Americans [5, 6],
giving an estimated homozygosity of approximately one in
10,000.

CM retention disease (CMRD; OMIM 246700) is a very
rare (less than one in one million) recessive condition charac-
terized by the accumulation of lipid droplets within the
enterocytes and the selective absence of apoB-48-containing
particles from plasma. CMRD is caused by two mutations in
SARIB, the gene product of which is critical for the intracel-
lular trafficking of CM particles [7]. Clinical manifestations of
CMRD include fat malabsorption, diarrhea, abdominal dis-
tension, vomiting, and failure to thrive.

Mutations in ANGPTL3 are associated with familial com-
bined hypolipidemia (OMIM 605019), a recessive condition
characterized by a global reduction in the levels of plasma
lipoproteins [8, 9].

In this report, we provide an update on primary HBL.

Primary Hypobetalipoproteinemia

Lipoprotein disorders causing primary HBL can be classified
depending on the lipid biochemical phenotype, the gene in-
volved, and the mode of inheritance of the condition, together
with the severity of the mutation or mutations present (Table 1).

Abetalipoproteinemia

In 1992, the role of MTTP was first implicated in ABL, when
its activity was undetectable in intestinal biopsy specimens of
individuals with ABL [10]. Mutations in the MTTP gene on
chromosome locus 4q22-24 were subsequently described with
ABL patients carrying two defective copies [11]. MTTP en-
codes an 894 amino acid protein, which forms a heterodimer
with protein disulfide isomerase, thus facilitating the transfer
of lipids on to nascent apoB by a shuttle mechanism [12].
Deficient MTTP activity targets apoB for degradation,
preventing the secretion of triglyceride-rich lipoproteins. Mu-
tations in M7TTP may disrupt MTTP formation, interfere with
its association with protein disulfide isomerase, or affect its
ability to transfer lipids [13, 14].

ABL is associated with a variety of clinical manifestations
affecting multiple organ systems. Fat malabsorption is a central
feature of ABL, and is usually observed in the neonatal period
with steatorrhea, vomiting, abdominal distension, and failure to
thrive, and later in life, progression to atypical retinitis
pigmentosa and spinocerebellar ataxia [15]. The gastrointestinal
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symptoms found in ABL usually subside with age, in part, due to
the avoidance of dietary fat in these patients [16]. The duodenal
mucosa appears yellow on endoscopy owing to intestinal lipid
accumulation [17], with histology showing normal villi with
enterocytes that are distended with lipid droplets.

Acanthocytes compose up to 50 % or more of circulating
erythrocytes in ABL [16] and result from either vitamin E
deficiency or an altered membrane lipid composition. Other
hematological abnormalities include low erythrocyte sedi-
mentation rates, decreased red cell survival, anemia,
hyperbilirubinemia, and hemolysis, and increased internation-
al normalized ratio owing to vitamin K deficiency. Liver
involvement in ABL includes hepatomegaly with abnormal
levels of transaminases. Liver biopsy specimens in ABL have
shown marked hepatic steatosis [15], which can progress to
steatohepatitis, fibrosis, and cirrhosis. The neuromuscular
manifestations of ABL typically begin in the first or second
decade of life, affecting both the central and the peripheral
nervous system. Neurological signs which relate to vitamin E
deficiency include the progressive loss of deep tendon re-
flexes, vibratory sense, and proprioception, muscle weakness,
and eventually, a Friedrich’s-like form of ataxia [18]. Oph-
thalmological findings tend to be variable, with many ABL
patients being asymptomatic until adulthood [16]. Loss of
night vision and/or color vision tends to occur early in the
course of the disease. Fundoscopic examination may reveal an
atypical pigmentation of the retina, which can lead to slowly
enlarging scotomas that may result in blindness.

The standard treatment for ABL is dietary fat restriction with
replacement of fat-soluble vitamins; however, this fails to
completely control or cure this condition [1, 15, 16, 19]. A
low-fat diet (less than 30 % of total calories) will eliminate
steatorrhea and allows absorption of other nutrients essential for
growth and development. High-dose oral vitamin E supple-
mentation (100300 mg/kg/day) is recommended to halt the
progression of the neurological disease; however, serum levels
do not fully normalize [15, 16]. Patients need to be followed up
regularly for evaluation of symptoms and complications, and to
monitor them for compliance with therapy [20e°].

Supplementation with a combination of high-dose vitamins
E and A is effective in reducing retinal degeneration [21].
Patients treated with high-dose vitamin E from the age of
16 months do not develop neurological or retinal features,
and progression is halted or sometimes even reversed in older
patients who already show symptoms of neurological dys-
function [22]. Although serum vitamin E is usually undetect-
able in untreated ABL, supplementation results in trace con-
centrations, with normal levels in adipose tissue [23]. Eryth-
rocyte and platelet vitamin E have also been used to assess
tissue vitamin E status [24]. Although vitamin D and vitamin
K deficiencies are inconsistent findings in ABL, oral replace-
ment should be considered, along with other supplementary
nutrients such as iron and folate if required.
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Table 1 Lipoprotein disorders causing primary hypobetalipoproteinemia

Lipoprotein disorder Gene Inheritance ~ Biochemical phenotype Clinical phenotype
Abetalipoproteinemia MTTP Recessive Absence of LDL and chylomicrons, low Variable; includes failure to thrive,
levels of triglycerides, very low levels of  steatorrhea, and progressive neurological
vitamin E and ophthalmological abnormalities
Familial APOB Co-dominant Heterozygous: LDL cholesterol levels less  Heterozygous: generally asymptomatic,
hypobetalipoproteinemia than 30 % of levels normal for age and may include fatty liver. Homozygous:
sex. Homozygous: absence of or very low  indistinguishable from
levels of LDL cholesterol, low levels of abetalipoproteinemia
triglycerides, very low levels of vitamin E
Familial PCSK9 Co-dominant Heterozygous: approximately 40 % None

hypobetalipoproteinemia

Chylomicron retention disease SARIB

Recessive

reduction in LDL levels. Homozygous:

very low LDL cholesterol levels
Absence of chylomicrons, LDL cholesterol

levels less than 50 % of levels normal for

Variable; includes failure to thrive,

age and sex

Familial combined ANGPTL3 Recessive

hypolipidemia

Reduced levels of all plasma lipoproteins

steatorrhea, and progressive neurological
abnormalities

None

LDL low-density lipoprotein

A framework for the clinical follow-up and management of
ABL (and compound heterozygous and homozygous FHBL)
has been proposed recently, focusing on monitoring of growth
in children and detecting and preventing complications in all
ABL subjects by providing specialized dietary advice and fat-
soluble vitamin therapeutic regimens [20e].

Familial Hypobetalipoproteinemia

Mutations in the APOB gene on chromosome locus 2p23-24
either abolish or interfere with the translation of full-length
apoB and cause FHBL [25-27]. Most mutations are nucleo-
tide substitutions and deletions in exon 26. The resulting apoB
truncations have traditionally been named according to a
centile system. In addition, R463W and several other missense
mutations in the N-terminal 3&; domain of apoB have also
been described [28-30]. R463W causes impaired secretion of
VLDL by defective intracellular transport and enhanced bind-
ing of the mutant protein to MTTP, leading to FHBL [28].

In patients with FHBL, truncated forms of apoB are pro-
duced at lower rates than apoB-100 and have reduced lipid
content [31]. As truncated apoBs shorter than apoB-30 are not
detectable in plasma, the corresponding length appears to be the
minimum length of apoB that is required for lipoprotein assem-
bly. Truncations shorter than this are unable to be sufficiently
lipidated and are targeted for intracellular degradation [32].

FHBL can also be caused by mutations in PCSK9, which
encodes a protease that binds to the LDL receptor and targets
it for lysosomal degradation within hepatocytes [33]. Non-
sense and other loss-of-function PCSK9 missense mutations
increase the number of LDL receptors on the cell surface,
thereby reducing both circulating LDL cholesterol

concentrations and coronary heart disease risk. Heterozygous
carriers of the PCSK9 nonsense mutations Y 142X and C679X
had LDL cholesterol concentrations reduced by 28 %, with a
corresponding reduction in coronary heart disease risk of
88 %, compared with noncarriers [4]. A compound heterozy-
gote and a homozygote for PCSK9 nonsense mutations have
been described, each healthy and with a very low LDL cho-
lesterol concentration of approximately 0.4 mmol/L [6, 34].
Human kinetic studies have confirmed that loss-of-function
PCSK9 mutations increase the fractional catabolic rate of LDL
[35].

Although patients with heterozygous APOB-linked FHBL
are often asymptomatic, many develop fatty liver [36, 37].
FHBL might represent a longevity syndrome due to a lower
lifetime exposure to atherogenic apoB-containing lipopro-
teins. However, only the surrogate markers carotid intima—
media thickness (CIMT) and distal common carotid arterial
wall stiffness have been used to demonstrate the
cardioprotective effects of FHBL in humans [38].

The long-term consequences of the increased levels of liver
transaminases and hepatic steatosis seen in heterozygous
FHBL are unknown. FHBL heterozygotes have threefold to
fivefold greater liver fat content compared with control sub-
jects [37, 39, 40]. Regular biochemical monitoring and liver
imaging is recommended, given the potential to progress to
cirrhosis, particularly in the presence of known risk factors,
such as alcohol, caloric excess, and liver injury [26, 41-43].

The clinical and biochemical features of homozygous (and
compound heterozygous) FHBL are, in general, indistinguish-
able from those of ABL. Dietary fats should be restricted to
prevent steatorrhea, and long-term high-dose vitamin E and
vitamin A supplementation should be given to prevent or at
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least slow the progression of neuromuscular and retinal de-
generative disease [16, 21].

Chylomicron Retention Disease

Mutations in SAR B, a member of the Sarl-ADP-ribosylation
factor family of small GTPases that control the intracellular
trafficking of proteins, are the cause of CMRD [44]. SARIB is
needed for the fusion of the intestine-specific pre-CM trans-
port vesicle to the Golgi apparatus, allowing transport of CM
through the cellular secretory pathways [45]. Mutations in
SARIB result in the inability to secrete CM, leading to the
accumulation of lipid droplets within the enterocytes.

CMRD presents shortly after birth with diarrhea, fat mal-
absorption, and failure to thrive, with vomiting and abdominal
distension often present [7, 46]. Acanthocytosis is rare and
may be transient. Hepatomegaly and hepatic steatosis may
develop in some patients, along with fat-soluble vitamin defi-
ciencies and their manifestations. In contrast to ABL and
FHBL, cirrhosis has not been reported in CMRD. The duo-
denal mucosa appears white on endoscopy, with vacuolization
of enterocytes in intestinal villi of normal structure present on
histology, findings similar to those in ABL.

Patients with CMRD improve within days or weeks on
commencement of a low-fat diet of polyunsaturated fatty acids
[7]. No relationship has been found between liver transaminases,
hepatomegaly, and hepatic steatosis. Neurological features in-
clude hyporeflexia and loss of proprioception in adolescents
through to ataxia, myopathy, and sensory neuropathy in adults.

There are no specific recommendations for the follow-up or
treatment of CMRD, with therapeutic regimens currently
based on those recommended for ABL [20e°].

Familial Combined Hypolipidemia

Homozygosity (or compound heterozygosity) for mutations in
ANGPTL3, the gene encoding angiopoietin-like 3
(ANGPTLS3), are associated with combined hypolipidemia,
which is characterized by extremely low plasma levels of
LDL cholesterol, high-density lipoprotein (HDL) cholesterol,
and triglyceride [9]. The function of ANGPTL3 appears to be
the reversible inhibition of lipase activity [47, 48]. The dis-
ruption of ANGPTL3 production increases lipolysis, enhanc-
ing clearance of lipoproteins and decreasing circulating lipid
concentrations.

The Italian town of Campodimele has been the focus of
studies into familial combined hypolipidemia. In 1991, a
three-generation family was described with a dominant form
of HBL that was not due to a mutation in APOB [49]. The
ANGPTL3 S17X mutation was subsequently identified in the
proband of this family and in an additional eight local families
[50]. The prevalence of ANGPTL3 variants in the population
was estimated to be 9.4 % [50].
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A pooled analysis of ANGPTL3 mutation carriers, includ-
ing 14 homozygotes, eight compound heterozygotes, and 93
heterozygotes, confirmed that heterozygotes as well as homo-
zygotes had a significant reduction in the levels of all plasma
lipoproteins compared with 402 controls [51]. Consistent with
earlier reports showing that there was no difference in the
prevalence of elevated plasma concentrations of liver enzymes
[50], the prevalence of fatty liver was not different among
groups [51]. However, diabetes and cardiovascular disease
were absent in homozygotes, raising the possibility that ab-
sence of ANGPTL3 is protective for these conditions.

Recently it was reported that ANGPTL3 S17X homozy-
gotes showed significantly lower plasma insulin concentra-
tions and a trend towards lower plasma glucose concentrations
[52¢]. The absence of ANGPTL3 results in an increase in
lipoprotein lipase activity and reduced plasma free fatty acid
levels, which may improve tissue insulin action.

Surprisingly, although partial ANGPTL3 deficiency (as
seen in heterozygous mutation carriers) is not associated with
vascular changes, homozygosity leading to complete
ANGPTL3 deficiency may be associated with an increased
risk of developing early vascular atherosclerotic changes de-
spite low plasma LDL cholesterol levels [53¢¢]. Homozygotes
showed an increased CIMT, with a 0.19 mm higher average
CIMT and a 0.54 mm higher maximum CIMT, along with a
trend towards lower brachial flow-mediated dilatation. This
may relate to impaired HDL function, as homozygotes also
showed a reduction in serum cholesterol efflux capacity.

The prevalence of ANGPTL3 mutations giving rise to a
combined hypolipidemia phenotype in subjects with severe pri-
mary HBL is about 10 % [54]. Of subjects with total cholesterol
concentration below the second percentile, those with HDL
cholesterol concentration below the second decile may be carry-
ing ANGPTL3 mutations, whereas those with higher HDL cho-
lesterol concentrations may be carrying APOB mutations [54].

An Approach to the Patient with Primary
Hypobetalipoproteinemia

The usual biochemical trigger for the investigation of
suspected primary HBL is the finding of marked
hypocholesterolemia with plasma LDL cholesterol and apoB
concentrations below the fifth percentile for age and sex [1]. A
personal and family history should be taken, and a physical
examination should be conducted. Secondary causes of HBL,
such as severe chronic liver disease, chronic pancreatitis,
cystic fibrosis, end-stage renal disease, hyperthyroidism, ca-
chexia, and malabsorption should be excluded, and clinical
manifestations, such as fat malabsorption, growth failure, fat-
soluble vitamin deficiency, fatty liver disease, and neurologi-
cal and ophthalmological dysfunction should be sought.
Patients with ABL (and compound heterozygous and ho-
mozygous FHBL) will have very low plasma total cholesterol
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and generally low triglyceride concentrations. LDL cholester-
ol, when measured by direct methods, and apoB, will be
absent or their concentrations will be very low. Vitamin E
levels will also be very low, and acanthocytosis may be
observed on peripheral blood smear.

Patients with heterozygous FHBL typically have plasma
LDL cholesterol and apoB concentrations that are one quarter
to one third of normal. The reasons for these lower-than-
expected levels may include decreased hepatic secretion of
the apoB-containing lipoproteins, or the upregulation of the
LDL receptor, resulting in an enhanced clearance rate for
VLDL and LDL particles produced by the normal allele [31].

Subjects who carry a single MTTP mutation may have normal
plasma lipid levels or may have LDL cholesterol and apoB
concentrations similar to those seen in heterozygous FHBL.

In CMRD, total cholesterol, LDL cholesterol, and HDL
cholesterol concentrations are low, but triglyceride levels are
generally normal. The low plasma LDL cholesterol and HDL
cholesterol concentrations are a consequence of low rates of
apoB-100 and apolipoprotein A-I production [55]. An in-
creased plasma creatine kinase concentration of up to five
times the normal level may be seen from infancy, along with
deficiencies in fat-soluble vitamins [7].

If concomitant reductions in triglyceride and HDL choles-
terol concentrations are observed, this is suggestive of familial
combined hypolipidemia.

Molecular Tests

Sequencing of the HBL genes MTTP, APOB, SAR1B, PCSK9,
and ANGPTL3 is available in specialist laboratories. These
molecular assays are usually designed to target exonic regions
as well as at least 20 base pairs of flanking intronic sequence
in order to capture any potential splice site mutations. Where
two mutations are identified, testing of the patient’s parents is
recommended to confirm that the mutations originate from
two different chromosomes.

Western blotting can be used to detect truncated apoB
species that are more than 30 % of the size of the full-length
protein. DNA sequencing of the region in APOB where the
mutation is estimated to occur can then be performed. How-
ever, as truncated apoB species shorter than apoB-30 are not
detectable in plasma, in the situation of a negative Western
blot result, then sequencing of the first 30 % of the APOB gene
(exons 1-25) should be performed.

In patients with ABL where the inheritance pattern is unclear
or MTTP mutations cannot be identified, then the APOB gene
should also be sequenced, given the clinical and biochemical
similarities with compound heterozygous and homozygous
FHBL. Likewise, in patients with homozygous FHBL, the
MTTP gene could be sequenced in the event where APOB
mutations cannot be found. Alternatively, high-throughput se-
quencing technology is emerging as a means for screening

multiple genes for mutations. This may prove more cost-
effective than traditional Sanger sequencing, particularly where
multiple genes may need to be sequenced and when the APOB
gene is involved, which needs over 40 primer sets to cover the
whole coding region. Recently, a next-generation resequencing
approach for the diagnosis of monogenic dyslipidemias has been
described; this targets a customized panel of 73 genes, including
those associated with HBL, and has the potential to diagnose
patients rapidly and at much lower cost than traditional Sanger or
whole-exome sequencing [56e¢].

Conclusion

In this report, we have provided an update on primary HBL, an
eclectic group of inherited lipoprotein disorders characterized by
low concentrations of or absence of LDL cholesterol and apoB in
plasma, depending on the gene involved and the mode of inher-
itance of the condition, together with the severity of the mutation
or mutations present. Some of these lipoprotein disorders, such as
ABL (and compound heterozygous and homozygous FHBL),
are associated with clinical manifestations of fat malabsorption,
growth failure, fat-soluble vitamin deficiency, fatty liver disease,
and neuro-ophthalmological dysfunction, whereas others, such
as heterozygous FHBL, may be asymptomatic. Molecular testing
of the MTTP, APOB, SARIB, PCSK9, and ANGPTL3 genes is
available in specialist laboratories. A framework for the clinical
follow-up and management of ABL (and compound heterozy-
gous and homozygous FHBL) has been proposed recently, fo-
cusing on monitoring of growth in children and detecting and
preventing complications in all ABL subjects by providing spe-
cialized dietary advice and fat-soluble vitamin therapeutic
regimens.
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