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T

he leading cause of death for individuals with
diabetes is cardiovascular disease. It has been
shown that diabetic patients have altered HDL
metabolism and this may account in part for the
increased incidence of coronary disease, because epidemiological data have demonstrated an inverse relationship
between coronary disease and plasma HDL level and size
(1,2). HDL plays a pivotal role in “reverse cholesterol
transport,” a process by which excess cholesterol from the
tissue is returned to the liver (3,4). Cellular cholesterol
efflux involves the interaction of HDL with specific receptors, such as ATP-binding cassette transporter A1
(ABCA1) and scavenger receptor BI (SR-BI) (5,6). Several
studies suggest that the plasma phospholipid transfer
protein (PLTP) also plays an important role in HDLmediated reverse cholesterol transport (7–13). PLTP can
modulate HDL particle size and lipid composition (7,8),
and generate prebeta HDL as the earliest acceptor of
cellular cholesterol in reverse cholesterol transport (9).
Transgenic mice overexpressing human PLTP or PLTP
knockout mice provide additional evidence to suggest that
PLTP not only regulates HDL metabolism, but also acts as
an antiatherogenic factor preventing cellular cholesterol
overload by generation of prebeta HDL in vivo (10 –12).
Furthermore, PLTP has been shown to enhance HDL
interaction with cholesterol-loaded cells and the efflux of
excess cholesterol (13). Higher plasma PLTP activity has
consistently been found accompanied by hyperglycemia in
diabetes (14 –17). Plasma PLTP activity and mass were
found to be higher by ⬃120 and 170%, respectively, in type
2 diabetic patients than in nondiabetic subjects (14). Furthermore, increased plasma PLTP activity was found to be
associated with insulin resistance in obese type 2 diabetic
patients (17). These findings suggest that the regulation of
plasma PLTP activity may be altered under conditions of
hyperglycemia, although the mechanism responsible for
this alteration has yet to be delineated. In addition, higher
hepatic lipase (HL) activity, associated with lower levels
of and a smaller particle size of HDL, was observed in
patients with diabetes (18 –20), suggesting that the increased HL may be attributed, in part, to hyperglycemia.
The regulation of lipoprotein metabolism at the tran1851
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Phospholipid transfer protein (PLTP) plays an important role in human plasma HDL metabolism. Clinical
data have recently indicated that plasma PLTP activity
and mass were both higher in diabetic patients concomitant with hyperglycemia. The present study shows that
high glucose increases both PLTP mRNA and functional
activity in HepG2 cells, due to a significant increase in
the promoter activity of human PLTP gene. The glucoseresponsive elements are located between ⴚ759 and
ⴚ230 of the PLTP 5ⴕ-flanking region, within which two
binding motifs (ⴚ537 to –524 and ⴚ339 to –327) for
either peroxisome proliferator–activated receptor or
farnesoid X-activated receptor are involved in this glucose-mediated transcriptional regulation. This finding
suggests that high glucose upregulates the transcription
of human PLTP gene via nuclear hormone receptors. In
addition, high glucose increases mRNA levels for several
genes that are functionally important in HDL metabolism, including human ATP-binding cassette transporter
A1, apolipoprotein A-I, scavenger receptor BI, and hepatic lipase. The functional promoter activities of these
genes are enhanced by high glucose in three cell lines
tested, indicating that glucose may also regulate these
genes at the transcriptional level. Our findings provide
a molecular basis for a role of hyperglycemia in altered
HDL metabolism. Diabetes 50:1851–1856, 2001

GLUCOSE REGULATES TRANSCRIPTION OF HDL GENES

scriptional level has been intensively investigated in recent
years, because transcriptional regulation plays a central
role in connecting the influence of environmental and
physiological regulators with the response of the corresponding genes. The transcriptional regulation of the
human PLTP gene was initially studied in our laboratory
(21,22) and recently followed by other investigators
(23,24). The PLTP gene is transcriptionally regulated by
fenofibrate (22) and bile acid (24) via the responsive
elements for nuclear hormone receptors, peroxisome proliferator–activated receptor (PPAR) (22), and farnesoid
X-activated receptor (FXR) (23,24), respectively. The aim
of this study was to investigate the role of glucose in the
transcriptional regulation of PLTP and other genes that are
involved in the metabolism of HDL.

Cell culture. Human hepatoma HepG2 cells were cultured in Dulbecco’s
modified Eagle’s medium (DMEM) containing 4 mmol/l L-glutamine, 1 mmol/l
pyruvate, 0.05 mg/ml penicillin, and 0.05 mg/ml streptomycin supplemented
with 10% fetal calf serum (FCS) (BioWhittaker, Walkersville, MD) as previously described (21,22), except that three different glucose concentrations
(5.5, 12.5, and 25 mmol/l) were used to grow cells. Human choriocarcinoma
BeWo cells were maintained in a F12 nutrient mixture (Ham’s medium) (Life
Technologies, Gaithersburg, MD) containing 4 mmol/l L-glutamine, 0.05 mg/ml
penicillin, and 0.05 mg/ml streptomycin supplemented with 15% FCS. Green
monkey kidney CV-1 cells were cultured in DMEM containing 10% FCS, 4 mmol/l
L-glutamine, 0.05 mg/ml penicillin, and 0.05 mg/ml streptomycin. The growing
medium was changed every other day to supply the cells with sufficient glucose for energy purpose. These cells were incubated at 37°C in a humidified
atmosphere of 5% CO2/95% air and were routinely split about every 4 –5 days.
Measurement of human PLTP mRNA and activity in HepG2 cells. The
HepG2 cells that were grown and maintained in the medium with different
glucose concentrations for more than five passages were used to measure the
mRNA level and functional activity of PLTP. Upon reaching confluence, the
cells were washed two times with the phosphate-buffered saline, and total
RNA was extracted from the cells following the protocols of the TRIzol
Reagent (Life Technologies). Northern blotting analysis was carried out by
electrophoresis of 30 g of total RNA on a 1% agarose/7% formaldehyde gel,
followed by transfer to a nylon membrane and hybridization with 32P-labeled
full-length human PLTP cDNA as previously described (8). For normalization,
glyceraldehyde-3-phosphate dehydrogenase (GAPDH) cDNA probe (Clontech
Laboratories, Palo Alto, CA) was used for the same blotting analyses separately. Transcripts were quantitated by densitometric tracing of autoradiographs.
The relative amounts of PLTP mRNA among three cell lines were computed by
the intensity obtained with PLTP mRNA adjusted to the respective GAPDH
mRNA after scanning the Northern blot Autorad with a Hewlett-Packard DeskScan II.
To assay the PLTP activity, the HepG2 cells were grown to 90% confluence,
washed two times with phosphate saline buffer, and maintained in serum-free
DMEM medium containing 0.2% bovine serum albumin with 5.5, 12.5, and 25
mmol/l glucose. After a 48-h incubation period at 37°C, the cultured medium
was collected for the activity assay previously developed in our laboratory (8).
The PLTP activity was computed by the transfer of radioactivity from
14
C-radiolabeled phosphatidylcholine liposomes to unlabeled HDL particles.
Labeled liposomes and HDL were incubated with aliquots of PLTP-containing
medium for 15 min in a 37°C shaking water bath. To separate the liposomes
from HDL, outdated plasma is added as carrier protein and a one-to-one
mixture of 1 mol/l MgCl2 and 2% dextran sulfate is used to precipitate the
liposomes. PLTP activity is determined by calculating the amount of radioactive phospholipid appearing in the supernatant (HDL), minus spontaneous
transfer (incubation without PLTP source). Three frozen human plasmas at
⫺70°C are included in each assay for quality control and to control for
between-assay variability.
Measurement of human PLTP promoter activity in HepG2 cells. The
plasmids consisting of various lengths of the PLTP promoter regions fused
with luciferase reporter gene in pGL2 were generated by sequential deletions
using an Erase-a-Base kit (Promega, Madison, WI) as previously described
(21). The plasmids carrying various mutation sites were created by oligonucleotide-directed mutagenesis using Muta-Gene phagemid mutagenesis kit
(Bio-Rad Laboratories, Hercules, CA) as described (22). These plasmid
constructs were assayed for promoter activity in the HepG2 cells that were
1852
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RESEARCH DESIGN AND METHODS

maintained in the growing medium with low (5.5 mmol/l), medium (12.5
mmol/l), or high (25 mmol/l) glucose concentrations. One day before the
transfections were performed, the cells were seeded in 24-well plates at a
density of 70 – 80% confluence. Transient transfections were initiated by
exposing the cells to plasmid/Lipofectamine (Life Technologies) complexes,
containing 1 g of tested plasmid and 50 ng of control plasmid pRL-TK for
normalization of transfection efficiency. After 5 h of incubation at 37°C, the
medium containing the transfection materials was removed and the fresh
growing medium containing 5.5, 12.5, or 25 mmol/l glucose was then added
into the transfected cells for additional incubation for 20 –24 h. Luciferase
activity in cell lysates was measured in a Dual-Luciferase Reporter Assay
System (Promega) by following the manufacturer’s protocol, with use of a
TD-20/20 luminometer (Turner Designs, Sunnyvale, CA) to measure chemiluminescence. The ratio of two luciferase activities (Firefly/Renilla) expressed
by the tested plasmid in pGL-2 vector and the internal control pRL-TK in the
same transfection experiments was used to determine the normalized promoter
activity. The promoterless pGL2-Basic (vector only) and pGL2-promoter were
also included as a negative and positive external control, respectively.
Measurement of human apolipoprotein A-I and A-II, SR-BI, HL, and
ABCA1 mRNA levels in HepG2 cells. Reverse transcriptase–polymerase
chain reaction (RT-PCR) was used to obtain the cDNA probes of human
apolipoprotein (apo) A-I (0.47 kilobase pairs [kb]), apo A-II (0.33 kb), SR-BI
(1.25 kb), HL (1.5 kb), ABCA1 (1.35 kb), cholesterol ester transfer protein
(CETP) (0.78 kb), and lecithin-cholesterol acyltransferase (LCAT) (1.35 kb).
We used 1 g of total RNA from HepG2 cells with specific primers for RT-PCR
following the standard protocol of OneStep RT-PCR kit (Qiagen, Valencia,
CA). Specific primers corresponding to the cDNA are 5⬘-GGGCCAGATCACCTCCTTCCTGGG-3⬘ and 5⬘-CAGGCTGGGGTACTTGCCAAAGGG-3⬘ for ABCA1
(25); 5⬘-CGCGCAGACATGGGCTGCTCCGCCAAAG-3⬘ and 5⬘-ACCCTACAGTTTTGCTTCCTGCAGCACAG-3⬘ for SR-BI (26); 5⬘-CGAGATCGACTCTGCCATTGACCTC-3⬘ and 5⬘-AGGCCTGGACGGTAGTCACGATATC-3⬘ for CETP (27);
5⬘-GAAACGGAGAAATGGACACAAGTC-3⬘ and 5⬘-CTCATCTGATCTTTCGCTTTGATG-3⬘ for HL (28); 5⬘-CAGGGCTGGAATGGGGCCGCCCGGC-3⬘ and
5⬘-GGTCTTTATTCAGGAGGCGGGGGC-3⬘ for LCAT (29); 5⬘-GGAGGTGAAGGCCAAGGTGCAGCCC-3⬘ and 5⬘-GCTCTCCAGCACGGGCAGCAGGCC-3⬘ for
apo A-I (30); and 5⬘-CGCCCTCCCCACTGTTACCAAC-3⬘ and 5⬘-GGACACTTCACTGGGTGGCAGGCTG-3⬘ for apo A-II (31). The cDNA probes were verified
by their DNA sequences. These probes were then used for the Northern blotting
analyses of the corresponding mRNAs separately following the same protocol as
described above for the measurement of human PLTP mRNA. The relative
amounts of these mRNAs among three cell lines were computed by the intensity obtained with the mRNA adjusted to the respective GAPDH mRNA after
scanning the Northern blot Autorad with a Hewlett-Packard Desk-Scan II.
Measurement of human apo A-I, SR-BI, HL, and ABCA1 promoter
activities in HepG2, BeWo, and CV-1 cells. Polymerase chain reaction
(PCR) was used to amplify the proximate 5⬘-flanking region of human ABCA1
(⫺1,013/⫹13), SR-BI (⫺913/⫹23), HL (⫺908/⫹23), and apo A-I (⫺1,096/⫹15).
A few micrograms of human genomic DNA with specific primers were used
for PCR following the same protocol as described before (32). Specific
primers corresponding to the 5⬘-flanking regions are 5⬘-AGGCCTGCATTCCTACTCTTGCC-3⬘ and 5⬘-TCCCGGCCCCACTCACTCTCGC-3⬘ for ABCA1 (33);
5⬘-GAGCCATTGTGTGCAAAGCACT-3⬘ and 5⬘-TGGATCCGGGACGGCAGCGC-3⬘ for SR-BI (34); 5⬘-GAGTGAGCCACCGCTCCTGGCC-3⬘ and 5⬘-GCTTTCTTGGTAATTTCTGAAGC-3⬘ for HL (35); and 5⬘-GAGGTCTGGGCCTTCCAGGAGAAA-3⬘ and 5⬘-CTTCTCGCAGTCTCTAAGCAGCCA-3⬘ for apo A-I (36). The
amplified DNA fragments were verified by restriction mapping and DNA
sequencing. By taking advantage of the restriction enzyme sites attached to
the specific primers used in PCR, these promoter regions were subcloned into
the pGL2-Basic vector (Promega) to create the fused gene promoter/luciferase
plasmids for the promoter activity assay in HepG2, BeWo, and CV-1 cells. The
plasmid constructs were first transfected into the cells, which were maintained in the medium with low glucose concentration (5.5 mmol/l). One day
before the transfections were performed, cells were seeded in 24-well plates
at a density of 50 – 60% confluence. Transient transfections were carried out
following the same protocols as described above for the measurement of
PLTP promoter activity in HepG2 cells. After transfection, the fresh growing
medium containing 25 mmol/l glucose was then added into the transfected
cells for additional incubation for 44 – 48 h. Luciferase activity in cell lysates
was measured in a Dual-Luciferase Reporter Assay System (Promega) by
following the manufacturer’s protocol, using a TD-20/20 luminometer (Turner
Designs) to measure chemiluminescence. The normalized promoter activity
was computed by the ratio of Firefly/Renilla luciferase activity expressed by
the tested plasmid in pGL-2 vector and the internal control pRL-TK in the same
transfection experiments.

A.-Y. TU AND J.J. ALBERS

RESULTS

HepG2 cells that were grown in the medium with 5.5, 12.5,
and 25 mmol/l glucose for more than five passages were
used in the study of the long-term effect of glucose on the
expression of human PLTP. The PLTP activity secreted by
these cells was measured by phospholipid transfer activity
assay. The results indicate that the PLTP activities (%
transfer 䡠 100 l⫺1 䡠 15 min⫺1) of 13.9 ⫾ 1.2 (n ⫽ 4, P ⬍
0.01) and 11.7 ⫾ 0.4 (n ⫽ 4, P ⬍ 0.01), respectively, for the
cells grown with 25 and 12.5 mmol/l glucose are ⬃1.6- to
2.0-fold higher than the PLTP activity of 7.1 ⫾ 1.4 (n ⫽ 4)
for the cells grown with 5.5 mmol/l glucose. In addition,
the increase in PLTP activity was associated with an ⬃30%
increase in PLTP mRNA level (Fig. 1).
To test whether glucose affects the functional activity of
PLTP promoter and further locate the region or regions
responsible for the glucose effect, various PLTP gene
promoter/luciferase constructs were transfected into
HepG2 cells for the measurement of promoter activity in
the presence of 5.5, 12.5, and 25 mmol/l glucose. The
results show that increased glucose concentrations in the
medium had little influence (⬍10% change) on promoter
activity for the constructs with DNA sequences from –230,
⫺205, ⫺159, and ⫺72 each to ⫹15 (Fig. 2A). We have
previously reported that the promoter region (⫺230 to
–159) consists of the DNA sequences that are crucial for
the basal transcription of human PLTP gene (21). This
finding suggests that the effect of high glucose on PLTP
gene expression is not related to the basic transcription,
which involves transcription factors Sp1, AP-2, and glucocorticoid receptor (21). In contrast, an ⬃25% increase in
activity was observed for the ⫺377/⫹15 construct in the
HepG2 cells with 25 mmol/l glucose as compared with
cells with either 5.5 or 12.5 mmol/l glucose (Fig. 2A). The
effect of high glucose was even greater for constructs
⫺759/⫹15 and ⫺2,800/⫹15. When compared with the
activity for the constructs –759/⫹15 and –2,800/⫹15 in the
cells with 5.5 mmol/l glucose, there was 33 and 20%,
respectively, higher activity in those with 12.5 mmol/l
glucose, and 230 and 190%, respectively, higher activity in
those with 25 mmol/l glucose. These findings suggest that
DIABETES, VOL. 50, AUGUST 2001

the high glucose–mediated increase of the PLTP promoter
activity in the HepG2 cells is primarily attributed to the
DNA sequences between ⫺759 and –230 in the PLTP gene.
Two recent studies demonstrated that the mRNA levels
and binding affinity of PPAR nuclear proteins in macrophages and pancreatic ␤-cells are influenced by high
glucose (37,38). We have previously identified the binding
motifs for PPAR (⫺537 to –524, ⫺339 to –327, and –318 to
–302) in the PLTP gene promoter (22), which are located
exactly within the glucose-responsive region (–759 to
–230). The mutants with mutations on each of the PPARbinding areas were therefore used to study whether these
PPAR sites are responsible for the effect of high glucose on
the PLTP promoter activity. The mutation at the area
(⫺318 to ⫺302) exhibited no change of the promoter
activity in response to high glucose as compared with that
for the wild type (Fig. 2B). Thus, this PPAR site appears
not to be involved in the regulation by glucose. In contrast,
the mutation at the area (⫺339 to ⫺327) showed slightly
higher promoter activity than the wild type in the cells
with low glucose, but it showed only a 1.7-fold increase of
the activity in response to high glucose, as compared with
a 2.3-fold increase for the wild type (Fig. 2B). This suggests
that the PPAR site (at ⫺339 to –327) contributes partially
to the upregulation of the PLTP gene by high glucose. In
addition, this PPAR site is completely responsible for the
difference in the high glucose– enhanced promoter activity
between the constructs (⫺377/⫹15) and (⫺230/⫹15). Interestingly, this PPAR site was also identified as a binding
site for nuclear hormone receptor FXR (23,24). However,
it has never been reported whether FXR is involved in
glucose-mediated gene regulation. Furthermore, the mutation at the area (⫺537 to –524) showed only a 1.5-fold
increase of the promoter activity in response to high
glucose, as compared with a 2.3-fold increase for the wild
type (Fig. 2B), indicating that this area is also partially
responsible for the regulation of the PLTP gene by high
glucose. The finding that the increase of the PLTP promoter activity by high glucose was partially abolished
when the two PPAR binding areas (⫺537 to –524 and ⫺339
to –327) were mutated indicates that the response ele1853
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FIG. 1. Effect of glucose on mRNA levels of
human PLTP, apo A-I, SR-BI, HL, and ABCA1
in HepG2 cells. Some 30 g of total RNA
extracted from the cultured HepG2 cells that
were grown in the medium with 5.5, 12.5, or
25 mmol/l glucose for more than five passages was probed separately with human
PLTP, apo A-I, SR-BI, HL, and ABCA1 cDNA
probes following the procedures as described
in RESEARCH DESIGN AND METHODS. The same
blot was also probed with GAPDH cDNA for
normalization. The relative amounts of these
mRNAs among three cell lines were computed by the intensity obtained after scanning the Northern blot Autorad with a
Hewlett-Packard Desk-Scan II. Data shown
are obtained from a representative blot.

GLUCOSE REGULATES TRANSCRIPTION OF HDL GENES

FIG. 2. Effect of glucose on promoter activity of PLTP promoter/
luciferase plasmids in HepG2 cells. The normalized luciferase activity
for each sequential deleted construct (A) or mutants (B) is the ratio of
two luciferase activities (Firefly luciferase/Renilla luciferase), expressed by the tested plasmid in pGL-2 vector and the internal control
pRL-TK in the same transfection experiments as described in RESEARCH
DESIGN AND METHODS. The promoterless pGL2-Basic (vector only) was
also included as a negative external control. Solid bars represent the
activities for the plasmids expressed in the cells that were grown with
25 mmol/l glucose; shaded bars for those expressed in the cells grown
with 12.5 mmol/l glucose; and open bars for those expressed in the cells
grown with 5.5 mmol/l glucose. Data shown are the means ⴞ SE of at
least three independent experiments. Values for constructs in 25 or
12.5 mmol/l glucose are statistically compared with those for corresponding controls in 5.5 mmol/l glucose (*P < 0.05, **P < 0.01).

ments for PPAR are involved in the increased expression
of human PLTP gene by high glucose.
In addition to the increase of the PLTP mRNA level, the
HepG2 cells that were grown and maintained in higher
glucose concentrations exhibited higher mRNA levels to
various extents for several other HDL-relevant genes. As
shown in Fig. 1, a significant increase in mRNA level was
observed for apo A-I in the cells grown with high glucose
(25 mmol/l glucose) as compared with those grown with
low glucose. This high glucose–induced increase in mRNA
level was also found to various extents for ABCA1, SR-BI,
and HL. There was no significant change of mRNA level for
either apo A-II, LCAT, or CETP among the cells grown in
different concentrations of glucose (data not shown). The
proximate 5⬘-flanking regions (⬃1 kb upstream of the
transcription start site) of the ABCA1, apo A-I, SR-BI, and
HL genes were therefore subcloned into the luciferase
1854

DISCUSSION

In diabetic patients, the plasma lipid and lipoprotein
parameters, along with the activities of lipolytic enzymes
and lipid transfer proteins, are quite different from those in
nondiabetic individuals (39). In addition to the possible
effects of diabetes per se, the contribution of altered gene
expression of these proteins has not been fully explored.
Hyperglycemia could represent one of the key elements
that initiate the alteration of gene expression in diabetes.
The alteration of functional activities of HDL-processing
proteins and receptors and their effects on HDL metabolism in diabetes concomitant with hyperglycemia are also
poorly understood. In recent clinical studies, PLTP and HL
have been consistently reported as higher in diabetic
patients (14 –20), which is a finding in agreement with the
ex vivo data in the present study, showing that PLTP and
HL are increased in cultured hepatocytes by high glucose.
Our data also suggest that ABCA1, apo A-I, and SR-BI are
upregulated by high glucose in the cultured hepatocytes. It
is therefore reasonable to speculate that hyperglycemia
may also alter the expression of these HDL receptors,
which could contribute to the abnormal HDL metabolism
that occurs in diabetes.
We have previously delineated several pathways for the
regulation of the transcription of human PLTP gene
(21,22,40). In the present study, the glucose-responsive
elements identified at the proximate 5⬘-flanking region of
the PLTP gene are overlapping with two PPAR-binding
sites, indicating that PPARs are very likely involved in the
DIABETES, VOL. 50, AUGUST 2001
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reporter plasmid to measure the functional promoter
activities in response to high glucose. The results show
that the promoter activities of these four genes are increased to variable extents in response to high glucose in
the three cell lines tested (Table 1). High glucose (25
mmol/l) increases the promoter activity of human ABCA1
(⫺1,013/⫹31) by 36 and 44%, respectively, in HepG2 and
BeWo cells, but only by 16% in CV-1 cells, when compared
with those in low (5.5 mmol/l) glucose. In addition, the
promoter activity of human SR-BI (⫺913/⫹23) is enhanced
by 37, 50, and 13%, respectively, in HepG2, BeWo, and CV-1
cells when treated with high glucose. This happens in a
pattern similar to that of ABCA1 gene promoter, although
the overall promoter activities expressed for SR-BI are
much lower than those for ABCA1 in both HepG2 and
BeWo cells. Furthermore, the promoter activities of human HL (⫺908/⫹19) in all cell lines tested are also
enhanced by high glucose in a similar pattern, but with
much lower expression, to that of ABCA1. Interestingly,
the promoter activity of human apo A-I (⫺1,096/⫹15) is
highly expressed in HepG2 cells and very low in BeWo
cells. In addition, the apo A-I promoter activity is increased by ⬃80% in response to high glucose in both
HepG2 and BeWo cells but by only 20% in CV-1 cells. The
finding that the increased promoter activity induced by
high glucose for apo A-I gene is the highest among these
four genes is in agreement with the Northern blot analysis,
which indicated that the apo A-I mRNA was increased to
the greatest extent by high glucose in HepG2 cells (Fig. 1).
These results, taken together, suggest that the high glucose–
mediated upregulation of these HDL metabolism-relevant
genes is tissue specific and at the transcriptional level.

A.-Y. TU AND J.J. ALBERS

TABLE 1
Effect of glucose on the promoter activity of the ABCA1, SR-BI, HL, and Apo A-I promoter/luciferase plasmids in HepG2, BeWo, and
CV-1 cells

ABCA1 (⫺1,013/⫹31)
SR-BI (⫺913/⫹23)
HL (⫺908/⫹19)
Apo A-I (⫺1,096/⫹15)

Glucose (mmol/l)

HepG2

BeWo

CV-1

5.5
25
5.5
25
5.5
25
5.5
25

1.54 ⫾ 0.10
2.09 ⫾ 0.23*
0.170 ⫾ 0.022
0.233 ⫾ 0.036*
0.114 ⫾ 0.013
0.162 ⫾ 0.022*
22.5 ⫾ 1.3
40.7 ⫾ 0.4†

0.566 ⫾ 0.090
0.815 ⫾ 0.067*
0.042 ⫾ 0.010
0.063 ⫾ 0.008*
0.018 ⫾ 0.003
0.028 ⫾ 0.004*
0.012 ⫾ 0.002
0.022 ⫾ 0.004*

0.269 ⫾ 0.014
0.313 ⫾ 0.019*
0.173 ⫾ 0.008
0.196 ⫾ 0.006*
0.028 ⫾ 0.002
0.033 ⫾ 0.002*
0.240 ⫾ 0.020
0.291 ⫾ 0.029*

Data are means ⫾ SE of at least three independent experiments. P values were determined by Student’s t test for paired data (*P ⬍ 0.05,
†P ⬍ 0.01).
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regulation. In DNA analysis of human PLTP promoter region (⫺759 to –377), we have identified other potential glucose-responsive elements. For example, the binding motif
for Sp1 (GGCAGG) that is involved in the activation of the
plasminogen activator inhibitor-1 promoter by glucose (48) is
also located at – 448 to ⫺442 in the human PLTP gene,
while the DNA elements (GAGGCGGG) for the glucosemediated transcriptional regulation of rat apo A-I (49) are
also found in the promoter region (⫺754 to –747) of the
human PLTP gene. Furthermore, the binding sequences
(ATCGCGCCAC) for sterol regulatory element-binding
protein-1 (SREBP-1) that is involved in the regulation of
lipid metabolism in diabetic mice (50) are located in the
PLTP promoter (⫺729 to –720). It is interesting that the
SREBP-1 gene was found to be regulated by glucose at the
transcriptional level (51). We are currently investigating
whether these potential glucose elements play an additional role, in association with PPAR elements, in the
transcriptional regulation of human PLTP by glucose.
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