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Apolipoprotein CII-Padova (Tyr37--stop) as a

cause of chylomicronaemia in an Italian kindred
from Siculiana

Suat Tuzgol, Saskia M Bijvoet, Taco Bruin, Johannes J P Kastelein,
Michael R Hayden

Abstract
In this paper we report on the molecular
defect underlying apolipoprotein CII
(apoCII) deficiency in an Italian kindred.
ApoCII serves as cofactor for lipoprotein
lipase (LPL) in triglyceride hydrolysis of
chylomicrons and very low density lipo-
proteins. Homozygous apoCII deficiency
manifests with type I hyperlipoprotein-
aemia and is a rare disorder of lipopro-
tein metabolism. Until now, only 10
kindreds with apoCII deficiency have
been published and all underlying muta-
tions were unique.
The proband was the offspring of a

consanguineous mating. Sequencing of
cloned DNA from the proband presented
in this report showed homozygosity for a
C-+A substitution at position 3002 in the
apoCII gene, resulting in the introduction
ofa premature stop codon at residue 37 of
the mature apoCII protein. Therefore, a
truncated apoCII is synthesised, lacking
the part of the apolipoprotein that activ-
ates LPL.
This mutation has previously been de-

scribed in another Italian family and is
known as apoCIIpadova. We propose that
apoCIIPadov. is a frequent cause of apoCII
deficiency in persons of Italian descent.
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The hydrolysis of the triacylglycerol core of
circulating chylomicrons and very low density
lipoproteins (VLDL) requires the presence of
the plasma enzyme lipoprotein lipase (LPL)
and its cofactor apolipoprotein (apo) CII.'
LPL is synthesised in adipose, muscle, and

several other tissues and is transported to the
luminal surface of capillary endothelial cells
where it can interact with circulating triacyl-
glycerol rich lipoproteins.
ApoCII is an apolipoprotein, necessary for

efficient LPL mediated triglyceride hydrolysis
by binding, and thereby activating, LPL. Chy-
lomicrons acquire apoCII from high density
lipoproteins (HDL) upon entering the circula-
tion.2 This apolipoprotein is initially synthes-
ised in the liver as a preproapoprotein of 101
amino acids length, and undergoes subsequent
cotranslational cleavage of a 22 amino acid
signal peptide. The major form of apoCII in
plasma (apoCIIO) contains 79 amino acids and
is not glycosylated. Sialic acid containing iso-
forms (apoCIIl and CII2) and a 73 amino acid
protein, lacking the six amino-terminal res-

idues, constitute the remainder of apoCII
mass in plasma.3

Studies using either proteolytic fragments
or synthetic peptides are suggestive of the
presence of different functional domains in the
mature protein. The N-terminal part of the
protein seems to mediate lipoprotein binding,
probably through amphipathic helix interac-
tion with phospholipids. The C-terminal do-
main of apoCII has been suggested as the main
site for LPL activation (residue 54 to 63) and
for binding to LPL (residue 64 to 79).4 Not all
studies, however, support these conclusions.5
The gene encoding for apoCII maps to the

long arm of chromosome 19 (19ql3) and the
complete nucleic acid sequence and genomic
organisation have been elucidated.67
ApoCII deficiency is a rare hereditary dis-

order, inherited as an autosomal recessive trait.
The clinical manifestations of apoCII defi-
ciency are identical to those of LPL deficiency
and include upper abdominal pain, eruptive
xanthomatas, lipaemia retinalis, and recurrent
pancreatitis. ApoCII deficiency was first de-
scribed in 1978.8 Since then 10 different gen-
etic defects underlying apoCII deficiency in
different parts of the world have been deter-
mined.9
Here we report the molecular basis of func-

tional apoCII deficiency in an Italian kindred
from Sicily. We show a C-+A transition, result-
ing in the introduction of a stop codon for
Tyr37, which is identical to a previously
reported mutation from another family with
origins in a distant region. We suggest therefore
that this mutation might be a frequent cause of
apoCII deficiency in patients of Italian descent.

Material and methods
CASE 1
The index patient (II.5) is a 43 year old male of
Sicilian origin. The patient was first seen when
he was 24 years old at the Lipid Research Clinic
at Shaugnessy Hospital (University of British
Columbia) when he experienced his first epi-
sode of severe abdominal pain. On physical
examination he had mild splenomegaly and
laboratory tests showed hyperlipidaemia, while
serum amylase was normal. Medication for
hyperlipidaemia, including clofibrate and nico-
tinic acid, was not effective nor well tolerated.
Between the ages of 24 and 34 the patient
suffered from severe recurrent upper abdom-
inal pain, two to three times per year.
No definite diagnosis was made at that time

and an exploratory laparotomy was performed
and an enlarged spleen was removed. There-
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after he continued to suffer from numerous
episodes of acute pancreatitis and abdominal
pain. Lipoprotein electrophoresis and lipopro-
tein analysis at that time showed a type V
lipoprotein pattern with the following lipo-
protein levels: total cholesterol 5-57 mmol/l,
HDL cholesterol 0 49 mmol/l, triglycerides
36 18 mmol/l, apolipoprotein B,oo 0 76 g/l, apo-
lipoprotein Al 074 g/l. The apoE phenotype
was E3/E3. When an optimal amount of nor-
molipidaemic control plasma was used to activ-
ate the substrate emulsion, the patient showed
LPL activity within the normal range. When
the patient's plasma was used as the source of
activator, no LPL activity was detected. This
confirmed the presence of normal LPL and the
absence of LPL activator in the plasma of the
index patient. Hepatic lipase activity was nor-
mal. Isoelectric focusing of chylomicron/
VLDL apoproteins showed absence of apoCII
in the plasma of the index patient and inter-
mediate levels in both parents.'0 The patient
was put on a fat restricted diet (less than 20% of
total calories provided by fat), and bouts of
abdominal pain did not recur.
The index patient comes from a sibship of

six. His parents, three of his sibs, and his
ancestors live in the small village of Siculiana on
the island of Sicily. His parents are first cousins
and there has been little migration into or from
this area over the past 150 years.

LIPOPROTEIN ANALYSIS
Lipoproteins were separated by ultracentrifu-
gation as previously described" and washed
once at the upper density limit. Cholesterol and
triglycerides were measured by standard en-
zymatic techniques,'2 13 using reagents from
Boehringer-Mannheim (Dorval, Quebeq,
Canada). The Corning ACI system was used
for lipoprotein electrophoresis.

Apolipoprotein B was measured in isolated
lipoproteins by tetramethylurea (TMU) treat-
ment or by electroimmunoassay.'4'5 Apolipo-
protein AI and AII standards were purified by
gel chromatography in the presence of 6 mol/l
urea. 16

DNA ANALYSIS
Polymerase chain reaction
Genomic DNA was extracted from the buffy-
coat of 30 ml EDTA anticoagulated blood of
the index patient and his available family mem-
bers, for analysis by the polymerase chain reac-
tion (PCR).
The reactions were performed in a DNA

thermocycler (Perkin-Elmer Cetus, Norwalk,
CT, USA) using the buffer recommended by
the manufacturer in conjunction with
15 mmol/l Mg++, 200 jmol/I deoxynucleotide
triphosphates (dNTPs), 500 ng of each primer,
500 ng genomic DNA, and 2-5 units of Ampli-
taq (Cetus) in 100 pl reactions. The primers
were derived from intronic sequences of the
apoCII gene6 and constructed to include
intron-exon boundaries and complete exons in
the amplified products.

The oligonucleotide primers were synthes-
ised on the Gene Assembler Plus (Pharmacia,
Uppsala, Sweden). The sequence of the
primers and the annealing temperatures in the
PCR reactions are given in table 1. Each exon
of the apoCII gene of the index patient was
individually amplified from 500 ng of genomic
DNA. The samples were denatured at 94'C for
one minute and annealed for one minute at the
temperatures given in table 1 for the different
oligomers. The reactions were extended at
72°C for one minute for a total of 30 cycles.

Sequence analysis
The PCR products from the four exons of
the apoCII gene of the index patient were
precipitated with NH4Ac/ethanol and size frac-
tionated on a 2% agarose gel. The band,
corresponding to the amplified exon size was
excised and purified using Spinbind DNA
Extraction Units (FMC Bioproducts, Den-
mark) and resuspended in 30 jil H20.
Taking advantage of the A base overhang

added to all templates during the PCR reaction,
each amplified and purified fragment was direc-
tionally ligated into the TA Cloning pCR vec-
tor (TA Cloning System, Invitrogen, San
Diego, CA, USA).
The ligation products were then transformed

into the recommended INVaF' cells and incu-
bated for 12 to 14 hours at 37'C on LB agar
plates containing kanamycine and X-gal. The
following day, six independent white colonies
were isolated and grown overnight in LB
medium for DNA isolation purposes. Small
amounts of the extracted plasmid DNA were
digested with HindIII and EcoRI to determine
the size of the inserted fragments.

Positive samples were subjected to double
stranded DNA sequencing using the Sequenase
version 2.0 (US Biochemicals, Cleveland, OH)
after annealing of 1 pmol of the required
"nested" PCR primer according to the ligated
exon. Annealing was performed by heating for
two minutes at 65'C and cooling down until
room temperature was reached. The labelling
reaction took place at 4'C for five minutes
followed by termination for five minutes at
39'C. These samples were loaded on a 6%
polyacrylamide 5 mol/l urea sequencing gel
and electrophoresed at 55'C for two hours at
1900 V.

Mutation detection using RsaI restriction
endonuclease
Exon 3 of all family members was separately

Table 1 Sequence of PCR primers for exons 1, 2, 3,
and 4 of the apoCII gene

Exon Sequence of PCR primers Annealing
temp

5' primer: 5'-GTGGCTGTGGAGCGGAAGTG-3' 50o
3' primer: 5'-TTATCGATCTTTGCCCTCT-3'

2 5' primer: 5'-CACACAGAGCAGGATCTCAG-3' 55°C
3' primer: 5'GAGGCAGAGGTAAGAAGGGC-3'

3 5' primer: 5'-CTTCCTCCTTTCCCCCTGCT-3' 55°C
3' primer: 5'GCCAGACCCCATTTCTCCAG-3'

4 5' primer: 5'-CCCTCTAACCATCTGTGCTT-3' 55°C
3' primer: 5'TCTCCCCTTGTCCACTGATG-3'
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Table 2 Lipid and lipoprotein data of the proband and
two sibs

Age BMI Plasma VLDL LDL HDL
Subject (y) (Kg/M2) Chol Trig Chol Trig Chol Chol

(mmol lj K mmol 1) t nol. I I(itnnol I

Proband 43 22 5 13 847 2 51 707 096 0 52
Sister I.2 47 27 4 38 1 98 0 34 0 78 1 66 1.19
Sister II.6 42 21 308 1-33 0-28 040 065 1 14
Reference*

Males 30-50 5 17 196 090 1 58 320 109
Females 30-50 5 17 1 75 0 58 1 03 3 26 1 33

* Values based on findings in 80 healthy Canadians (data not
published).
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Figure 1 Autoradiogram showing the DNA sequence of the normal and the ml

exon 3 surrounding nucleotide 3002. The C--A transition, resulting in substitu
stop codon for Tyr at residue 37, is indicated in boxes.

Normal
PCR amplified exon 3 (253 bp)

RsaI

Mutant (Tyr37
PCR amplified exon 3 C

RsaI

amplified. PCR amplified exon 3 DNA (50 ng)
was subsequently mixed with 2 pl of recom-

mended buffer and 20 units of RsaI restriction
enzyme (Boehringer Mannheim) and incub-
ated at 37'C for three hours. The DNA was

then subjected to electrophoresis on 2% agar-

ose gels.

Results
LIPIDS AND LIPOPROTEINS

Values for lipids and lipoproteins for the index
patient and two sisters, II.2 and II.6, are sum-

marised in table 2.
In the proband, TG levels are raised, mainly

owing to high VLDL concentrations. LDL and
HDL cholesterol are slightly decreased. Lipo-
protein profiles in the two sisters exhibit no

hypertriglyceridaemia; however, VLDL, LDL,
and HDL plasma concentrations are decreased
in both sisters.

MUTATION ANALYSIS
DNA sequence analysis was performed for all
four exons from the index patient. A substitu-
tion of A for C was detected at position 3002 in
exon 3 (fig 1). This mutation leads to the
introduction of a premature stop codon (TAA)
at the position corresponding to amino acid 37

s0 ., of mature apoCII. The index patient represents
a true homozygote for this nucleotide substitu-
tion, previously reported in another apoCiI
deficient kindred from Italy as apoCI 1Padova' 17 1

As previously described, this mutation leads
to the loss of an RsaI restriction enzyme site
(GTAC-*GTAA) in the normal apoCII gene.18
Amplification of exons from all family members

A^iSt-! was performed by PCR. Digestion of amplified
normal exon 3 with RsaI should result in the
formation of two fragments of 180 and 73 bp,
respectively. However, digestion of amplified
exon 3 from the proband homozygous for this
mutation or his heterozygous sibs should yield a

utant single band of 253 bp or a combination of the

tion of a 253, 180, and 73 bp bands, respectively, as

indicated in fig 2.
Fig 3 illustrates the restriction endonuclease

analysis of amplified exon 3 of all family mem-
bers, indicating true homozygosity for the in-
dex patient ((II.5), heterozygosity for both par-
ents (I.1, 1.2), and for two sisters and a brother

253 bp) (I I. 1, I I.2, and II.6). One brother (I1.3) did not
carry the nucleotide substitution in exon 3. No
other DNA alterations were detected in any

other exons or in exon-intron boundaries of the
apoCII gene.

253 CT GTAA GAG

Homozygote He

253 bp

180 bp

73 bp

Figure 2 A schematic representation of the loss of the RsaI recogniti
exon 3 of the apoCII gene. Numbers indicate fragment sizes and lines
expected electrophoresis patterns after RsaI digestion of exon 3 of the
control subjects and in subjects who are homozygous or heterozygous fi

Discussion
In this study we have identified a nonsense

terozygote mutation in the apoCII gene, underlying apo-

253 bp CII deficiency and chylomicronaemia in a

180 bp patient of Italian descent.

Sequence analysis of the apoCII gene of the
proband showed, on both alleles, a substitution

73 bp of cytosine for adenosine (C-4A) at nucleotide

3002 in exon 3, resulting in the introduction of a
,on site in mutant premature stop codon at the position corres-

indacage ponding to residue 37 of the mature apoCII
6rapoCIIp,,dn. protein. As a consequence, a truncated 36

180 CT GT AC GAG 73 %.l. - .1
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Figure 3 Family pedigree and results of restriction enzyme digestion withRsc
indicating presence (black) and absence (white) of the mutant allele (top). C, co
3. 11.5, proband. L, 123 bp ladder (as a DNA size marker).
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for aggregation of two apparently different
mutations at the same nucleotide in persons of
a similar ancestry is uncertain. The nucleo-
tides surrounding this mutation are GC rich
and the presence of GC dinucleotides may
serve as a potential hotspot for mutations.23
Our proband with apoCII deficiency pre-

sented with type V hyperlipoproteinaemia.
Heterozygosity for the apoCII defect, diag-

253r,; nosed in two sisters of the proband, did not
result in overt hypertriglyceridaemia, but

180 bp rather in low plasma concentrations of all
lipoprotein classes, which we cannot explain at

-7 p this point. Heterozygous apoCII deficiency
can influence lipoprotein metabolism and may
manifest under stressful conditions or if addi-
tional factors are present that compromise
lipoprotein metabolism. Hegele etal24 reported

mntrol exon that hypertriglyceridaemia in heterozygous
apoCII deficient persons with an apoE3/E4
genotype occurred with a significantly higher
frequency than among their heterozygous
family members with an apoE3/E3 gentoype24king the and, similarly, in a case of homozygous LPL

which is deficiency, pregnancy was shown to convert a
a lipase. mild phenotype in severe hypertriglycerid-
focusing aemia, whereas the lipoprotein profile became
lie index normal upon delivery.25 The low LDL and
retionof HDL cholesterol levels measured in hetero-
unstable zygotes from this family may reflect com-

3 apoCII promised lipolysis. Their low VLDL choles-
absence terol and triglyceride concentrations, however,

in. This indicate that the mechanisms underlying the
A pro- lipoprotein abnormalities in these family

ranscript members are more complex and require
)ersons.19 further investigation.
.ly show In summary, apoCII deficiency is a rare
Inisms is disorder, with only 10 kindreds described in
)rotein in whom a defect in the apoCII gene has been

shown.9 The finding of three apoCII deficient
o the one Italian probands with the same apoCIIPadOva,iily from including two of Sicilian ancestry, suggests
e second that this is a more common mutation underly-
ts of the ing apoCII deficiency in Italy.
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