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Abstract

A Chinese patient with severe hypertriglyceridemia was found to have similar clinical features to that of malignant hyperlipemia in
infancy. DNA sequence analysis of the apoC-II gene from the patient’s parents revealed a novel heterozygous mutation of T fi A sub-
stitution at position �190 base in the apoC-II promoter. We speculated that the patient was a homozygote of the same mutation that
resulted in the deficiency of apoC-II. In vitro expression studies showed T fi A substitution in the apoC-II promoter leads to a decrease
by approximately 20% in transcriptional activity compared with its counterpart that inserted the normal promoter. These results sug-
gested that T fi A substitution at position �190 in the apoC-II gene promoter only partly affected transcriptional activity of the
apoC-II promoter, leading to decrease of apoC-II expression in quantity.
� 2006 Elsevier Inc. All rights reserved.
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Human apolipoprotein C-II (apoC-II) is a 79-amino
acid residue protein that has a crucial role in lipoprotein
metabolism as an activator for the lipoprotein lipase
(LPL) [1–4]. Human apoC-II gene has been mapped on
the long arm of chromosome 19 in a gene cluster that con-
tains the ApoE/C-I/C-I 0/C-IV/C-II genes and spans 45 kb
of chromosomal region [5–7]. The 0.55-kb intergenic region
between the apoC-II and apoC-IV genes is a strong cell
type-specific promoter [5,8]. The apoC-II promoter con-
tains five footprints defined by hepatic nuclear extracts
and designated C-II-A (�74/�44), C-II-B (�102/�81), C-
II-C (�159/�116), C-II-D (�288/�265), and C-II-E
(�497/�462) [9].
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In previous study, we reported the first case of hyperli-
pemia syndrome in infancy [10–12]. The proband, a 30-
day-old male infant, whose clinical features included severe
anaemia, eruptive xanthomas, and fasting triglycerides of
50 mmol/L, died of infection in the lung at 50 days which
conformed to the diagnosis of malignant hyperlipemia in
infancy [13]. The apoC-II gene from the proband’s parents
without clinical feature has been sequenced after amplifica-
tion by the polymerase chain reaction (PCR). DNA
sequence analysis revealed a single base substitution A
for T at position �190 in apoC-II promoter, which indicat-
ed that the proband’s parents were heterozygous for the
point mutation. Their plasma apoC-II concentration is
below half the value of normal apoC-II, but this level of
plasma apoC-II could effectively activate the lipoprotein
lipase because their plasma triglycerides (TG) concentra-
tion is normal [10]. We speculated that the proband was
a homozygote of the same mutation, resulting in prevent-
ing from transcript of the apoC-II gene. The deficiency of
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apoC-II protein in plasma could not activate LPL, which
leads to hyperlipoproteinemia.

In this study, we have investigated the molecular mech-
anism for familial apolipoprotein C-II deficiency in the first
case with the syndrome of hyperchylomicronemia by mea-
suring the activity of the luciferase expression plasmid with
the mutant apoC-II promoter in vitro. Our results showed
that the T fi A substitution at position �190 in the apoC-
II promoter could not significantly reduce transcription
activity of apoC-II promoter, and is only associated with
molecular mechanism of malignant hyperlipemia. It is
not crucial for transcription activity of apoC-II promoter
to the mutation at position �190 in the apoC-II promoter.

Materials and methods

The human normal �545/+18 apoC-II promoter, which was blunted
and cloned into the SmaI site of luciferase expression vector pGL3-Basic,
was a gift from Dr. Dimitris Kardassis (University of Crete, Greece). The
plasmid pGL3-control, pGL3-basic, and pRL-TK all were purchased
from Promega. QIAprep Spin Miniprep Kit Protocol was purchased from
Qiagen. QuikChange� Site-Directed Mutagenesis Kit, which contains
passive lysis buffer (PLB), Luciferase Assay Reagent II (LAR II), and Stop
& Glo�Reagent, was purchased from Stratagene. LipofectAMINE� 2000
Reagent was purchased from Invitrogen. Dual Luciferase Reporter Assay
System was purchased from Promega.

Site-directed mutagenesis. The plasmid pGL3 with normal apoC-II
promoter was used as the template, and a pair of completely comple-
mentary primers with the desired mutation was designed, which made the
plasmid amplified and mutated on �190 base of the apoC-II promoter
using Stratagene’s site-directed mutagenesis kit. Primer 1: 5 0 GAA TTC
TCA GAG TGA GGG A*TC CCT GTC ACT TGA G 3 0, Primer 2: 5 0

CTC AAG TGA CA G GGA T*CC CTC ACT CTG AGA ATT C 3 0

(The symbol * represent the desired mutant base). The reaction mixture
contains: 5 ll of 10· reaction buffer, 10 ng of dsDNA template, 125 lg of
oligonucleotide primer 1, 125 lg of oligonucleotide primer 2, 1 ll of dNTP
mix (10 mmol/L), 1 ll of PfuTurbo DNA polymerase (2.5 U/ll), then add
ddH2O to a final volume of 50 ll. The reaction mixture was applied to 12
cycles of PCR (95 �C for 30 s; 55 �C for 1 min; 68 �C for 12 min), which
was preceded by an additional denaturation. The 10 ll of amplified
product was checked by electrophoresis of 2% agarose gels. The amplified
plasmid was digested with 1 ll of DpnI restriction enzymes at 37 �C for 1 h
in order to eliminate parental non-mutated dSDNA. After being trans-
formed into XL-Blue supercompetent cells, the nicked mutant plasmid
was repaired in these cells. The desired mutation in apoC-II promoter was
verified by DNA sequencing.

Cell cultures and transient transfection. HepG2 cells were cultured in
Dulbecco’s modified Eagle’s medium supplemented with 10% fetal bovine
serum. Transfection steps were operated according to instruction of
LipofectAMINE� 2000 Reagent (Invitrogen). The plasmid pGL3 with
mutant promoter or normal promoter was, respectively, cotransfected
with pRL-TK, an internal control into HepG2 cells. As a positive control
we used the plasmid pGL3-Control Vector, which contains an improved
firefly luciferase gene (luc+) under the control of a SV40 promoter/en-
hancer region. As a negative control we used the pGL3-Basic Vector,
containing the improved luc+ gene without a promoter or enhancer. To
ensure independent genetic expression between experimental and control
reporter genes, we optimized both the amount of vector pGL3 and the
ratio of co-reporter vector pRL-TK added to the transfection mixture.
Ratio of 25:1 for experimental vector pGL3:co-reporter vector pRL-TK
combinations was choosed in the cotransfection system.

Assay of luciferase activity. After transient transfection, cells were
cultured for 48 h and lysed using passive lysis buffer (PLB) at room
temperature for 15 min. The firefly luciferase activity of pGL3 (M1) and
the Renilla luciferase activity (M2) of pRL-TK were measured sequentially
by the Luminoskan TL Plus Luminometer. The firefly luciferase activity
was measured first by adding 100 ll Luciferase Assay Reagent II (LAR II)
in 20 ll lysate of harvested cells. After quantifying the firefly luminescence,
this reaction is quenched, and the Renilla luciferase reaction is initiated
simultaneously by adding 100 ll Stop & Glo�Reagent to the same tube.
Then, the Renilla luminescence was quantified. The luciferase activity from
each group was normalized with control Renilla luciferase activity.

Statistical analysis. The statistical significance for the mean values
between mutant and normal types was determined by Student’s t test. The
level of significance was set to a = 0.05. All tests were two sided.
Results

Site-directed mutagenesis

The plasmid pGL3 with normal �545/+18 apoC-II pro-
moter has 5381 base pairs in length (Fig. 1). The nicked
circular plasmid with mutant site was amplified by site-
directed mutagenesis, using a pair of completely comple-
mentary primers with the desired mutation. The 10 ll of
the PCR product was run on 2% agarose gel, showed a
corresponding band on 5381 bp position (Fig. 2). After
digested the methylated and non-mutanted parental
DNA template with DpnI, the nicked plasmid was
transformed into XL-Blue supercompetent cells, and
repaired the nicks of the mutated plasmid in cells. The apo-
lipoprotein C-II Gene T fi A mutation at Position �190 in
the apoC-II promoter was confirmed by DNA sequencing
(Fig. 3).
Transient transfection and assays of luciferase activity

The experimental plasmid pGL3 and internal control
pRL-TK were cotransfected into HepG2 cells. The lumi-
nescent activity in lysates of harvested cells was assayed
48 h later after transfection with the DLR� Assay System.
First, the firefly luminescence of pGL3 (M1) was quanti-
fied; second, the Renilla luminescence of pRL-TK (M2)
was quantified in the same tube. Ratio of M1:M2 was the
relative luciferase activity of the experimental plasmid
pGL3. The normalized luciferase activity of mutant
apoC-II promoter at the transcriptional level was reduced
by approximately 20% relative to normal apoC-II promot-
er (Fig. 4).
Discussion

Plasma apolipoprotein C-II is a potent activator of LPL,
which catalyzes the lipolysis of triglycerides in plasma chy-
lomicrons and VLDL. ApoC-II deficiency is a rare genetic
disorder that is inherited as an autosomal recessive trait.
On hereditary deficiency of apoC-II, plasma levels of tri-
glycerides are highly increased due to accumulation of chy-
lomicrons and very low density lipoproteins in blood [14].
Clinical features also include lipemia retinalis, eruptive
xanthomas, and an increased incidence of pancreatitis.

At present, the two major causes of severe hypertriglyc-
eridemia are a deficiency of the enzyme, lipoprotein lipase,



Fig. 1. Physical map of pGL3-Basic with the normal apoC-II promoter. The normal �545/+18 apoC-II promoter, which was blunted and cloned into the
SmaI site of luciferase expression vector pGL3-Basic. The plasmid pGL3 with normal �545/+18 apoC-II promoter has 5381 base pairs in length.

Fig. 2. Electrophoresis analysis of PCR products. PCR product amplified
by site-directed mutagenesis was run on 2% agarose gel and showed a
corresponding band on 5381 bp position according to the DNA marker
DL15,000. Lane M, DNA marker (DL15,000); lane 1, plasmid pGL3 with
the mutant apo C-II promoter (5381 bp).

Fig. 3. DNA reverse sequencing of normal and mutant apoC-II promoter.
(A) DNA reverse sequencing of the normal apoC-II promoter. (B) DNA
reverse sequencing of the mutant apoC-II promoter. The T fi A substi-
tution is indicated by an arrow.

Fig. 4. Measurement of luciferase activities in HepG2 cells. The plasmid
pGL3 with normal or mutant apoC-II promoter and internal control
pRL-TK were co-transfected into HepG2 cells. After 48 h, cells were lysed
with passive lysis buffer and assayed for luminescent activity with the
DLR� Assay System. Measurements were carried out in triplicate. Firefly
luciferase activity (M1) was normalized to Renilla reniformis luciferase
activity (M2). (A) Negative control pGL3-basic; (B) Positive control
pGL3-control; (C) Plasmid pGL3 with normal apoC-II promoter; (D)
Plasmid pGL3 with mutant apoC-II promoter. (**P < 0.01).
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and its cofactor, apoC-II. Both were inherited as an auto-
somal recessive trait [15].

Hagberg et al. [13] first reported a very rare clinical syn-
drome including hypertriglyceridemia, intumesces of liver
and spleen, decrease of blood cells and died quickly in
1964, which was diagnosed as malignant hyperlipemia in
infancy. In that time, the investigation of the case could
not be done owing to the limited technology and knowl-
edge. We reported the first case in China, whose clinical
features were similar to malignant hyperlipemia in infancy.
The plasma apoC-II concentration of the proband’s par-
ents was below half the value of normal apoC-II, but their
plasma triglycerides concentration was normal. These
results showed that half the value of plasma apoC-II could
effectively activate the lipoprotein lipase which can hydro-
lyze triglycerides. Because the proband died quickly with-
out DNA left, we analyzed the DNA sequence of the
proband’s parents. DNA analysis of the apoC-II gene



C.-H. Chen et al. / Biochemical and Biophysical Research Communications 354 (2007) 62–65 65
revealed that they were heterozygotes with T fi A substitu-
tion at position �190 in the apoC-II promoter. The severe
symptoms of this proband led us to suspect that the pro-
band was a homozygote of the same mutation, which
resulted in the deficiency of apoC-II.

A single base T fi A transition at position �190 in the
apoC-II promoter region was obtained by site-directed
mutagenesis method. The role of the apoC-II promoter
was examined by cloning the region into a luciferase
reporter assay system and transfection into HepG2 cells.
The experimental results indicated the constructed expres-
sion vector containing the mutant promoter had a decrease
by approximately 20% in transcriptional activity compared
with its counterpart that inserted the normal promoter. As
a result of the complicated gene regulation system in
eukaryote, we concluded a single base mutation T fi A at
position �190 in the apoC-II promoter did not diminish
the binding of important transcription factors to relevant
cis-acting elements in the promoter, only partly affected
transcriptional activity of the apoC-II promoter leading
to decrease of apoC-II expression in quantity.
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