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Background: Molecular genetic testing of patients with hypobetalipoproteinemia may identify a 
genetic cause that can form the basis for starting proper therapy. Identifying a genetic cause may also 
provide novel data on the structure-function relationship of the mutant protein. 

Objective: To identify a genetic cause of hypobetalipoproteinemia in a patient with levels of low 

density lipoprotein cholesterol at the detection limit of 0.1 mmol/l. 
Methods: DNA sequencing of the translated exons with flanking intron sequences of the genes 

adenosine triphosphate-binding cassette transporter 1, angiopoietin-like protein 3, apolipoprotein B, 
apolipoprotein A1, lecithin-cholesterol acyltransferase, microsomal triglyceride transfer protein and pro- 
protein convertase subtilisin/kexin type 9. 

Results: The patient was homozygous for mutation Q384K (c.1150C > A) in the apolipoprotein 
B gene, and this mutation segregated with hypobetalipoproteinemia in the family. Residue Gln384 is 
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located in the large lipid transfer module of apoB that has been suggested to be important for lipidation 
of apolipoprotein B through interaction with microsomal triglyceride transfer protein. Based on mea- 
surements of serum levels of triglycerides and apolipoprotein B-48 after an oral fat load, we conclude 
that the patient was able to synthesize apolipoprotein B-48 in the intestine in a seemingly normal 
fashion. 

Conclusion: Our data indicate that mutation Q384K severely reduces the secretion of apolipopro- 
tein B-100 in the liver without reducing the secretion of apolipoprotein B-48 in the intestine. Possible 
mechanisms for the different effects of this and other missense mutations affecting the large lipid transfer 
module on the two forms of apoB are discussed. 
© 2023 National Lipid Association. Published by Elsevier Inc. 
This is an open access article under the CC BY license ( http://creativecommons.org/licenses/by/4.0/ ) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Introduction 

Apolipoprotein B (apoB) is an amphipathic glycoprotein
that is synthesized in the liver and intestine and is a criti-
cal component of lipoproteins. 1 In the liver, a 4536 residues
mature protein is synthesized and secreted as a component
of very low density lipoprotein (VLDL). In the intestine, the
APOB transcript is subjected to post-transcriptional mRNA
editing, and is translated into a truncated protein of 2152
residues and secreted as a component of chylomicron. 1 , 2 

The latter form of apoB consists of 48% of the residues of
the full-length protein, and the two forms are commonly re-
ferred to as apoB-48 and apoB-100, respectively. VLDL and
its metabolic product low density lipoprotein (LDL) contain
apoB-100 and chylomicron contains apoB-48. 1 

During translation, apoB is translocated into the endo-
plasmic reticulum (ER), where it co-translationally acquires
triglycerides and other lipids through interaction with micro-
somal triglyceride transfer protein (MTP), encoded by the
MTP ( MTTP) gene. 3-5 Proper lipidation is required for apoB
to obtain correct folding and to avoid translational and post-
translational degradation. 6 

ApoB-100 has been proposed to be comprising five
structural segments, NH2 - βα1 - β1 - α2 - β2 - α3 -COOH. 7 The
N-terminal βα1 segment (residues 1 to 1000) corresponds to
the large lipid transfer (LLT) module which is common to all
proteins in the LLT protein superfamily, including egg yolk
precursor protein vitellogenin, MTP and apoB. 8 It has been
suggested that the apoB LLT module creates a lipid pocket
that interacts with MTP and thereby forms the structural ba-
sis for recruitment of lipids. 7 , 9 The N-terminus of the LLT
module forms an incomplete β-barrel domain (residues 28
to 320 in human apoB). This is followed by a right-handed
alpha solenoid domain comprising 17 α-helices in two layers
(residues 321 to 616) with a helix-turn-helix (HTH) repeating
unit, in total eight HTH repeats. Finally, at the C-terminus,
the LLT module has a domain with two β-sheets, known as
the A- and C-sheets (residues 617 to 1017), separated by a
lipid-binding cavity. 10-12 Disulfide bonds have been shown
to be important for the structure of the LLT module, 13 , 14 and
residues 297-597 within this module, mainly built from the
HTH repeats of the alpha solenoid domain, have been shown
to be required for optimal binding to MTP. 15 
 

Patients who lack functional apoB or MTP due to muta-
tions in the respective genes, are unable to synthesize VLDL
and chylomicron. These patients have autosomal dominant
familial hypobetalipoproteinemia (OMIM#615558) or auto-
somal recessive abetalipoproteinemia (OMIM#200100), re-
spectively. The two conditions have similar clinical fea-
tures. 16 , 17 As a consequence of the failure to secrete chy-
lomicrons and to absorb fat from the intestine, and the failure
to transport fat-soluble vitamins in apoB-containing lipopro-
teins in plasma, these patients typically present with gastroin-
testinal and neurological symptoms. 16 , 17 

The majority of mutations in the apolipoprotein B ( APOB )
gene responsible for familial hypobetalipoproteinemia are
nonsense mutations, frame-shift mutations and splicing mu-
tations that generate premature stop codons which lead to
truncated apoB. 18 However, a few missense mutations affect-
ing the LLT module of apoB have been identified in patients
with hypobetalipoproteinemia. 19-22 By transfection studies
in cultured cells these mutations have been found to reduce
apoB secretion. 19-21 

We report a patient with hypobetalipoprotenemia who
was homozygous for the novel missense mutation Q384K
(c.1150C > A, ref. seq.: NM_000384.3) in the APOB gene
that affects the LLT module of apoB. We also discuss pos-
sible mechanisms by which this and other missense muta-
tions that affect the LLT module of apoB, markedly reduce
the secretion of apoB-100 in the liver, whereas the secretion
of apoB-48 in the intestine appears to be unaffected. 

Materials and methods 

Informed consent 

Written informed consent to publish the data obtained as
part of ordinary health care was obtained from all subjects. 

Molecular genetic testing for 
hypobetalipoproteinemia 

In order to identify a genetic cause of an abnormal
lipid profile, DNA sequencing was performed of the genes:
adenosine triphosphate-binding cassette transporter 1,

http://creativecommons.org/licenses/by/4.0/


802 Journal of Clinical Lipidology, Vol 17, No 6, November/December 2023 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

angiopoietin-like protein 3, APOB , apolipoprotein A1,
lecithin-cholesterol acyltransferase, MTTP and proprotein
convertase subtilisin/kexin type 9. Sequence analyses were
performed by the use of Sanger di-deoxy sequencing of
polymerase chain reaction (PCR) products spanning the
translated exons with 20 bp of flanking intron sequences. A
3730XL DNA Analyzer (ThermoFisher Scientific, Waltham,
MA) was used for analyses of the sequencing reactions. The
primer sequences used for the PCRs are available upon
request. Numbering of the codons and nucleotides of genes
in this study was based upon the ATG initiation codon being
codon #1 and A of the ATG initiation codon being nucleotide
#1. 

Immunoprecipitation of apoB from serum and 

Western blot analysis 

ApoB was immunoprecipitated from 250 μl serum us-
ing Dynabeads Protein G-MAG Sepharose (Cytiva, Marlbor-
ough, MA) coated with 2 μg of the monoclonal anti-apoB
antibody 1D1 directed at an epitope in the LLT module, 23

or a polyclonal anti-apoB antibody (ab98132, Abcam, Cam-
bridge, UK) directed against the full length native human
apoB isolated from human plasma. The immunoprecipitate
was subjected to sodium dodecyl sulfate-polyacrylamide gel
electrophoresis on a 4-20% Tris-HCl CriterionTM TGXTM

Precast Gels (BioRad Laboratories, Inc., Hercules, CA) and
blotted onto Immuno-Blot PVDF Membranes (BioRad Lab-
oratories, Inc., Hercules, CA) using the Trans-Blot Turbo
Transfer System (BioRad Laboratories, Inc., Hercules, CA).
ApoB-48 and apoB-100 were detected using the monoclonal
anti-apoB antibodies 1D1 and ab98132 and the bands were
visualized as chemiluminescence on a ChemiDoc XRS sys-
tem (BioRad Laboratories, Inc., Hercules, CA). Lipoprotein-
deficient serum (LPDS) (density > 1.25 g/ml) and LDL (den-
sity 1.019-1.063 g/ml) were isolated by ultracentrifugation
of human serum and used as negative and positive controls,
respectively. 

Results 

Clinical characteristics of the proband 

The proband was a 43-year old female who was referred
for molecular genetic testing because of low levels of total
serum cholesterol, HDL cholesterol and LDL cholesterol.
For several years she had experienced tiredness and symp-
toms of generalized muscle pain. A diagnosis of fibromyal-
gia had been considered. She had been diagnosed with low
levels of vitamin D and put on cholecalciferol (vitamin D3 )
2000 IU/day with little or no effects on vitamin D levels or
symptoms. The proband has not had any symptoms of fat
malabsorption, oral fat intolerance, steatorrhea or diarrhea.
Her height was 159 cm and her weight was 72 kg which gives
a body mass index of 28.5. 

The levels of total serum cholesterol in the proband were
approximately 1 mmol/l and the levels of LDL cholesterol
were around or below the detection limit of 0.1 mmol/l
( Table 1 ). HDL cholesterol levels were low with values rang-
ing from 0.4 mmol/l to 0.8 mmol/l. On some occasions tur-
bid serum had been observed in non-fasting blood samples
with levels of triglycerides of 6.6 mmol/l and 10.4 mmol/l
( Table 1 ). Fasting triglyceride levels, however, were in the
normal range with values ranging from 0.4 mmol/l to 0.6
mmol/l ( Table 1 ). Lp(a) lipoprotein levels were below the de-
tection limit of 7 nmol/l ( Table 1 ). This lipid profile indicates
that the patient had hypobetalipoproteinemia. The indicated
normal range for serum parameters are from the laboratory
that has performed the respective analyses. 

Serum levels of fat-soluble vitamins A, D, E and K dur-
ing treatment with cholecalciferol (vitamin D3 ) 2000 IU/day
were: vitamin A: 2.0 μmol/l (Normal: > 0.7 μmol/l), vitamin
D: 14 nmol/l (Normal range: 50 nmol/l-150 nmol/l), vitamin
E: 8 μmol/l (Normal range: 12–42 μmol/l) and vitamin K:
0.5 ng/ml (Normal range: 0.1–2.2 ng/ml). Thus, the patient
had lower than normal levels of vitamins D and E in serum. 

Slightly increased levels of aspartate aminotransferase
(ASAT) were observed, whereas levels of alanine amino-
transferase (ALAT) were in the upper normal range 
( Table 1 ). Values for lactate dehydrogenase, gamma-
glutamyl transpeptidase and bilirubin were normal with val-
ues of 162 U/l (Normal range: 105 U/l-205 U/l), 60 U/l
(Normal range: 10 U/l-75 U/l) and 8 μmol/l (Normal range:
5 μmol/l-25 μmol/l), respectively. Ultrasonography of ab-
domen revealed that the liver was of normal size with a nor-
mal contour and without focal lesions. However, there was
increased echogenicity of the liver consistent with hepatic
steatosis. 

Molecular genetic testing 

DNA sequencing revealed that the patient was homozy-
gous for mutation Q384K (c.1150C > A: NM_000384.3) in
exon 10 of the APOB gene. To our knowledge, this muta-
tion has not previously been reported as a cause of hypo-
betalipoproteinemia. In silico predictions programs Sorting
Intolerant from Tolerant, MutationTaster and Polymorphism
Phenotyping v2 gave inconsistent predictions of pathogenic-
ity by predicting mutation Q384K to be Deleterious, Be-
nign and Probably Damaging, respectively. Mutation Q384K
is not predicted to affect RNA splicing by the use of in
silico prediction software and it has not been reported
in the databases Genome Aggregation Database ( https://
gnomad.broadinstitute.org/), ClinVar ( https://ncbi.nlm.nih.
gov/vlinvar/) or Human Gene Mutation Database. 24 

Segregation analysis 

Fasting serum lipid values were obtained and molecular
genetic testing for mutation Q384K were performed in the
proband, her spouse and in their eight children aged 12-25
years ( Fig. 1 ). Whereas, the spouse had values for LDL
cholesterol and apoB in the upper normal range, all eight
children had low levels of LDL cholesterol and apoB with

https://gnomad.broadinstitute.org/
https://ncbi.nlm.nih.gov/vlinvar/
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Table 1 Values for serum lipids and liver function tests in the 43-year old proband. Non-fasting serum lipid values obtained in March 
and April of 2021 as well as fasting serum lipid values obtained in July 2021 and January 2022 in the proband, are shown. Also shown 
are values for aspartate aminotransferase (ASAT) and alanine aminotransferase (ALAT). The normal range for these parameters are given 
in parenthesis. 

Non-fasting Fasting 

March 2021 April 2021 July 2021 January 2022 

Total serum cholesterol (mmol/l, NR: 3.3–6.9) 1.1 1.3 0.7 0.9 
HDL cholesterol (mmol/l, NR: 1.0–2.7) 0.4 0.5 0.6 0.8 
Triglycerides (mmol/l, NR: 0.5–2.6) 6.6 10.4 0.6 0.4 
LDL cholesterol (mmol/l, NR: 1.9–4.8)# 0.2 0.1 < 0.1 < 0.1 
ApoA1 (g/l, NR: 1.1–2.3) ND ND 0.7 0.8 
ApoB (g/l, NR: 0.5–1.3)§ ND ND < 0.2 < 0.2 
Lp(a) lipoprotein (nmol/l, NR: < 75)& ND ND < 7 < 7 
ASAT (U/l, NR: 15–35) ND ND 41 36 
ALAT (U/l, NR: 10–45) ND ND 48 37 

ND: Not determined, NR: Normal range, # Detection limit 0.1 mmol/l, §Detection limit 0.2 g/l, & Detection limit 7 nmol/l. 

Fig. 1 Pedigree with lipid levels and mutation status in family members. Age (years) and fasting values for total serum cholesterol (TC), 
HDL cholesterol (HDLC), triglycerides (Triglyc) and LDL cholesterol (LDLC), all in mmol/l, as well as fasting values for apolipoprotein B 

(ApoB) in g/l in the proband, her spouse and in their eight children. The proband is indicated by an arrow. Homozygosity for mutation Q384K 

is indicated by a black symbol, whereas heterozygosity for mutation Q384K is indicated by a grayish symbol. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

mean values of 1.2 mmol/l and 0.37 g/l, respectively. The
spouse was not heterozygous for mutation Q384K, whereas
all the eight children were heterozygous for this mutation.
These data indicate that mutation Q384K segregates with
hypobetalipoproteinemia in the family, and that hypobe-
talipoproteinemia is inherited in an autosomal dominant
fashion. 

Effect of an oral fat load on the serum lipid levels 

The lipid profile in the proband with non-fasting values
for triglycerides in the range of 6-10 mmol/l and values for
LDL cholesterol around or below the detection limit of 0.1
mmol/l, could indicate that apoB-48 is made normally in the
intestine, whereas apoB-100 is made in markedly reduced
amounts, if at all, in the liver. 
To test this hypothesis, a standardized oral fat load was
given to the proband and three ostensibly healthy, unrelated
controls after an overnight fast. The healthy controls were
two female and one male laboratory personnel. The fat load
consisted of 145 ml Calogen (N.V. Nutrica, Zoetemeer, The
Netherlands) containing 72.5 g of fat. A blood sample was
drawn for serum lipid measurements before and 2 h 15 min
after the oral fat load ( Table 2 ). In the proband, a four-fold
increase in the triglyceride level from 0.4 mmol/l before the
fat load, to 1.6 mmol/l after the fat load, was observed. In the
three healthy controls, a mean increase in the triglyceride lev-
els from 0.7 mmol/l before the fat load, to 1.2 mmol/l after the
fat load was observed ( Table 2 ). Thus, the proband responded
to the oral fat load by an increase in triglyceride levels that
was even larger than that observed for the healthy controls.
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Table 2 Serum lipids were measured before and 2 h 15 min after a fatty meal consisting of 72.5 g fat in the proband and in three 
healthy controls. 

Proband Control 1 Control 2 Control 3 

Before After Before After Before After Before After 

Total serum cholesterol (mmol/l) 0.9 0.9 4.3 4.4 3.9 3.2 4.9 4.5 
HDL cholesterol (mmol/l) 0.8 0.7 1.8 1.6 2.1 2.0 1.2 1.2 
Triglycerides (mmol/l) 0.4 1.6 0.9 1.8 0.5 1.0 0.7 0.9 
LDL cholesterol (mmol/l) < 0.1 < 0.1 2.8 2.6 1.7 1.6 3.1 2.9 
ApoB (g/l) < 0.2 < 0.2 0.8 0.8 0.5 0.5 1.0 0.9 
ApoA1 (g/l) 0.8 0.7 1.8 1.8 1.8 1.5 1.4 1.3 

Fig. 2 Western blot of apoB in serum before and after an oral fat load. After an overnight fast, serum was obtained before and after an oral 
fat load of 72.5 g of fat from the proband homozygous for mutation Q384K in the APOB gene and from three healthy controls (Controls 1-3). 
Western blot analysis (WB) was performed of apoB immunoprecipitated (IP) from serum before and after the fat load using two different anti- 
apoB antibodies (ID1 and ab98132). Lipoprotein-deficient serum (LPDS) and LDL were used as negative and positive controls for apoB-100, 
respectively but exposed for a shorter time than the patient samples due to the high apoB chemiluminescence of the LDL sample compared to 
that of the serum samples. ApoB-48 in the three healthy controls is partly masked by the degradation products of apoB-100 when anti-apoB 

ID1 is used for detection. ApoB-48 is immunoprecipitated, but not detected by the ab98132 antibody. Representative Western blots from three 
separate experiments is shown. Full-length blots is shown in Suppl. Fig. S1. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

These findings indicate that the proband is able to synthesize
apoB-48 in the intestine as a component of chylomicrons, in
a seemingly normal fashion. 

Western blot analysis of apoB-48 and apoB-100 in 

serum 

To further study the amounts of apoB-48 and apoB-100
in serum, Western blot analysis of serum from the proband
and the three healthy controls, obtained before and after the
oral fat load, was performed. As can be seen from Fig. 2 ,
only minimal amounts of apoB-100 were detected in serum
from the proband, in comparison to that of the healthy con-
trols. However, apoB-48 was identified in the serum obtained
from the proband before the oral fat load, and a slightly in-
creased amount of apoB-48 was observed after the oral fat
load ( Fig. 2 ). This finding confirms that the proband is able
to synthesize apoB-48 in the intestine in a normal fashion.
The smear observed on the Western blot for the three healthy
controls and LDL fraction represents degradation products
of apoB-100 (Suppl. Fig. S1). 
Effect of mutation Q384K on the structure of apoB

Mutation Q384K will affect the alpha solenoid domain
(residues 321 to 616) of the LLT module. To study the conser-
vation of Gln384 , 409 vertebrate apoB orthologs from mam-
mals, birds, reptiles, amphibians, teleost fish, cartilaginous
fish and the lamprey were collected by standard sequence
searching 

25 in the NCBI RefSeq database. 26 The analyses re-
vealed that the motif QxxxQCGxxxC (residues 380 to 390),
including Gln384 , was conserved in all 409 vertebrate or-
thologs (See subset of 43 orthologs in Suppl. Fig. S2). The
conservation of this motif strongly suggests that it is impor-
tant for apoB function. The AlphaFold structural model of
apoB (Suppl. Fig. S3) was used in an attempt to understand
the location and function of Gln384 in the folded apoB protein
structure. 

A disulfide bridge between the absolutely conserved
residues Cys385 and Cys390 of apoB is necessary for the cor-
rect folding and stability of the alpha solenoid domain, con-
tributing to the packing of HTH repeats 2 and 3 ( Fig. 3 ). 27

It is possible that Gln384 facilitates and helps the formation
of this disulfide bridge ( Fig. 3 ). Gln384 also contributes to
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Fig. 3 Gln384 contributes to the conserved and strong interaction 
between the alpha solenoid domain and the C-sheet. The AlphaFold 
structural model of the LLT module of apoB (Suppl. Fig. S3) shows 
a network of interactions between the first β-strand (“Sheet C, β- 
strand 1”, in sticks rendering, with light yellow carbons) of a major 
lipid-binding structure, the C-sheet, and the two first HTH repeats 
of the right-handed alpha solenoid domain (HTH repeats 1, 2, and 3, 
in forest green, pink, and gold, respectively). The C-sheet, strands 
2 to 8 (light yellow), and the HTH repeats are shown in cartoon 
rendering, with some selected side chains as sticks. See also Suppl. 
Fig. S3B for an explanation of the different domains and segments 
of the LLT module. Arg356 is absolutely conserved in all vertebrate 
apoB, as well as in vitellogenin and MTP. This residue forms a 
strong salt bridge to Glu833 of the C-sheet. Gln380 and Gln384 are ab- 
solutely conserved in all vertebrate apoB homologs (Suppl. Fig. S2) 
and contribute to four H-bonds involving protein backbone atoms 
at Phe826 , His828 , and Ile830 . The structure of the right-handed alpha 
solenoid domain is stabilized by a disulfide bridge between Cys385 

and Cys390 . 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

the strong interactions between the alpha solenoid domain,
mainly HTH repeats 1 and 2, and the second lipid-binding
β-sheet, the C-sheet, through a network of H-bond and salt
bridge interactions, together with other conserved residues
such as Phe348 , Arg356 , and Gln380 ( Fig. 3 ). It is unlikely
that replacement of Gln384 with the larger and charged Lys is
compatible with the strong interactions illustrated in Fig. 3 .
The mutant Q384K-apoB is likely to have a weaker interac-
tion between the C-sheet and alpha solenoid domain, and an
overall less stable LLT module. 

ApoB and MTP are the only two proteins in the LLT
protein superfamily found in humans. Mutation D361Y in
the MTTP gene has been found to cause abetalipoproteine-
mia. 28 Structural alignment of the MTP protein structure and
the apoB model clearly demonstrate that MTP Asp361 is ho-
mologous to apoB Gln380 , the first residue in the conserved
QxxxQCGxxxC motif ( Fig. 3 and Suppl. Fig. S2). Together,
these data indicate a critical role for Gln384 , as well as Gln380,

for the normal structure and lipidation of apoB-100. 

Discussion 

In this study we have shown that mutation Q384K in the
APOB gene causes familial hypobetalipoproteinemia. How-
ever, only secretion of apoB-100 in the liver was affected
with, apoB-48 being secreted in an apparently normal fash-
ion in the intestine. Thus, the homozygous patient synthe-
sized chylomicrons in a normal fashion, whereas VLDL
and its metabolic product LDL were synthesized in mini-
mal amounts. The low levels of vitamins D and E in plasma
of the homozygote are most likely caused by reduced trans-
port capacity in VLDL and LDL. It is conceivable that the
low plasma levels of these vitamins may contribute to the
neuromuscular symptoms and symptoms of fatigue in the
proband. The failure to synthesize and secrete VLDL nor-
mally explains the finding of hepatic steatosis and the fail-
ure to detect Lp(a) lipoprotein in plasma. Apo(a) of Lp(a)
lipoprotein binds to Cys4353 in the carboxy terminal part of
apoB-100. 29 

The fasting lipid profile in the proband with total serum
cholesterol levels of ∼1 mmol/l, undetectable levels of
LDL cholesterol, approximately half-normal levels of HDL
cholesterol and normal levels of triglycerides, is simi-
lar to that of two patients homozygous for the R490W
(c.1468C > T) mutation in the APOB gene which causes fa-
milial hypobetalipoproteinemia. 30 The lipid profile is also
similar to that of a patient homozygous for the R532W
(c.1594C > T) mutation in the APOB gene which also causes
familial hypobetalipoproteinemia. 21 In that study, data on the
fasting status of the 11 months old R532W homozygote was
not presented. Regarding the synthesis of apoB-48, a pa-
tient homozygous for the R490W mutation was reported to
have a three-fold postprandial increase in triglyceride lev-
els. 31 This response to fat intake is similar to the four-fold
postprandial increase in triglyceride levels observed in the
Q384K homozygote. Together, these data indicate that mu-
tations Q384K, R490W and R532W, that all modify the alpha
solenoid domain known to be required for optimal binding of
apoB to MTP, 15 affect secretion of VLDL without affecting
secretion of chylomicrons. 

Analysis of protein structure shows that Gln384 is essential
in a strong and evolutionary conserved network of interac-
tions between two important domains in the apoB LLT mod-
ule ( Fig. 3 ), and the mutation Q384K will very likely weaken
the packing of these domains. It is also possible that muta-
tion Q384K will disrupt the disulfide bond between Cys385 

and Cys390 and thereby lead to abnormal folding of the LLT
module. As a consequence, recruitment of lipids to apoB in
the ER will be affected, which again will result in reduced
secretion. 32 Similar findings of abnormal folding of the LLT
module have been found for mutations L370V and R490W. 19 

ApoB Leu370 and Arg490 are located in HTH repeats 2 and
5 in the alpha solenoid domain, respectively. The missense
mutation L370V is very likely destroying the strong packing
of HTH repeats 1 and 2 and destabilizes the alpha solenoid
domain, while R490W disrupts the interaction between the
alpha solenoid domain and the A-sheet. These data therefore
underscore the role of proper folding of the LLT module for
assembly and lipidation of apoB. 7 , 13 , 14 

According to the current model for lipidation of apoB,
where the N-terminal 1000 residues form a lipid-binding
pocket that interacts with MTP, 7 , 9 one could expect mutation
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Q384K to affect the secretion of apoB-48 and apoB-100 in
a similar fashion. The normal secretion of apoB-48 indicates
that apoB-48 and apoB-100 have different requirements for
lipidation through interaction with MTP. As apoB is elon-
gated to generate apoB-100, more hydrophobic residues will
be exposed which could make apoB-100 more vulnerable to
defective lipidation than the shorter apoB-48. This notion is
supported by the data of Benoist and Grand-Perret. 33 They
found that by the use of an MTP inhibitor, apoBs larger than
apoB-65 were more susceptible to co-translational degrada-
tion than the shorter apoBs. Similar data were obtained by
Nicodeme et al. 34 who found that apoB peptides larger than
apoB-53 were susceptible to degradation in the presence of
an MTP inhibitor. Moreover, by using MTP inhibitors in
Caco2 cells that synthesize both apoB-48 and apoB-100, it
has been shown that secretion of apoB-48 was unaffected,
whereas secretion of apoB-100 was reduced. 34 , 35 It there-
fore seems that secretion of apoB-100 is more dependent on
the interaction with MTP than that of apoB-48. It has also
been shown that translocation of apoB-48 and apoB peptides
shorter than apoB-48 into the ER, does not require MTP. 36 , 37

Thus, reduced translocation of apoB-100 into the ER due to
mutations affecting the LLT module, could contribute to the
reduced secretion of apoB-100. 

The notion that the synthesis of apoB-100 has a higher re-
quirement for MTP than that of apoB-48, is also supported
by the findings in patients with abetalipoproteinemia who are
compound heterozygotes for mutations in the MTTP gene,
and where one allele is having some residual activity. One
such patient with abetalipoproteinemia who was compound
heterozygous for a deletion of exon 10 and mutation R623L
(c.1868G > T) in the MTTP gene, had normal levels of apoB-
48 in serum. 38 While the former mutation abolishes MTP
activity, the latter mutation makes the mutant retain 65% of
normal activity. Another patient with abetalipoproteinemia
who had normal levels of apoB-48 in serum was compound
heterozygous for mutations Q272X (c.814C > T) and G709R
(c.2125G > A) in the MTTP gene. 39 It was suggested that the
allele carrying mutation G709R could encode a protein with
some residual activity that allowed the synthesis of apoB-48,
but not of apoB-100. 39 

ApoB mutants caused by mutations L370V and R490W
in the APOB gene found in familial hypobetalipoproteine-
mia show increased binding to MTP. 19 , 30 One could there-
fore speculate that a mechanism by which mutations affect-
ing the LLT module cause reduced secretion of apoB-100, is
increased binding of these mutants to MTP. This could in-
crease the retention time of apoB-MTP complexes in the ER
and reduce the availability of MTP to assist in translocation
and lipidation of apoB-100. 

Stable expression of the mutants L370V-apoB-100 and
R490W-apoB-100 in McA-RH7777 cells, has been shown to
reduce secretion of the two apoB-100 mutants by ∼50%. 19

When stably transfected McA-RH7777 cells were used to
study secretion of the mutants L370V-apoB-48 and R490W-
apoB-48, secretion of the two apoB-48 mutants was reduced
by ∼25% and 50%, respectively. 19 A similar transfection
study with the R532W APOB mutation, has been shown
to reduce the synthesis of the mutant R532W-apoB-48 by
40%. 21 These findings may appear to be at variance with the
clinical findings of a virtual lack of apoB-100 secretion and
normal apoB-48 secretion in subjects homozygous for mu-
tations Q384K or R490W. The explanation for this discrep-
ancy is not readily apparent but could be secondary to over-
expression of mutant apoBs in the transfection studies. An
alternative strategy to using transfection studies could be the
use of CRISPR/Cas9 technology which has been employed
to study mutation L351R in the APOB gene. 22 

In conclusion, missense mutation Q384K affecting the N-
terminal LLT module of apoB, markedly reduces the syn-
thesis and secretion of the full-length apoB-100 in the liver,
whereas the synthesis of the shorter apoB-48 in the intestine
appears to be unaffected. Further studies are needed to iden-
tify the exact mechanisms by which the two forms of apoB
are affected differently. 

Ethical Approval 
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