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Human plasma phospholipid transfer protein (PLTP) plays an
Important role in lipoprotein metabolism. In this study, we
investigated the effects of lipoproteins on the secretion of PLTP
in cultured BeWo choriocarcinoma cells. Low-density lipopro­
teins (LDLs) decreased PLTP secretion in a dose- and time­
dependent manner, whereas very low density lipoproteins and
high-density lipoproteins (HDLs) had little effect. LDL suppres­
sion of PLTP secretion was not altered by the inhibition of both
LDL receptor and LDL receptor-related protein with receptor­
associated protein. Mitogen-activated protein kinase (MAPK)
kinase (MEK) inhibitor, U0126, could abolish the LDL-mediated
inhibition of PLTP secretion. Furthermore, LDL, but not HDL,
could stimulate the expression of MAPK phosphatase-1 (MKP-1)
in BeWo cells that resulted in the inactivation of p44/p42
extracellular signal-regulated kinase (ERK) 1 and 2, the family
members of MAPKs. These results support the conclusion that
LDL-mediated suppression of PLTP secretion in BeWo cells Is
through a LDL receptor-independent MAPK signaling pathway.
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Introduction
Phospholipid transfer protein (PLTP) plays an essential

role in reverse cholesterol transport mediated by high­
density lipoproteins (HDLs) (I-3)./n vitro, PLTP facilitates
phospholipid transfer from lower-density lipoproteins to
HDLs (4-7); modulates HDL particle size and lipid
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composition (8, 9); generates prebeta HDL, the commonly
believed earliest acceptor of cellular cholesterol (10); and
enhances HDL interaction with cholesterol-loaded cells and
the efflux of excess cholesterol (3, 11).

In cultured cells and in animal models, PLTP can be
regulated by physiological and environmental factors such
as glucose (12), bile acids (13), and fenofibrate (14, IS).
Because plasma PLTP activity is often correlated with
various lipid and lipoprotein parameters in both humans and
mice (16-18), we decided to test the hypothesis that
lipoproteins can also regulate PLTP. Several cell types
were screened for PLTP activity level. Of the cells studied,
BeWo, the human placental trophoblastic cell line, ex­
pressed the highest level of PLTP activity (10 times higher
than HepG2 cells, and 50-80 times higher than THP-l,
human skin fibroblasts, and human monocyte-derived
macrophages). The high level of PLTP activity detected in
BeWo cells is consistent with our previous observation that
PLTP mRNA is highly expressed in the placenta (9). Thus,
BeWo cells were chosen for this study. We found that in
these cells, low-density lipoproteins (LDLs), but not very
low density lipoproteins (VLDLs) or HDLs, could suppress
the secretion of PLTP. This inhibitory effect occurs via a
LDL receptor-independent signal transduction pathway. The
mechanism involves MKP-l induction and subsequent
inactivation of p44/p42 extracellular signal-regulated kinase
(ERK) I and 2.

Materials and Methods
Cell Culture. Human choriocarcinoma BeWo cells,

originally purchased from the American Type Culture
Collection, were maintained in Fl2 nutrient mixture (Ham's
medium; Life Technologies, Inc., Gaithersburg, MD)
containing 4 mM L-glutamine, 0.05 mg/ml penicillin, and
0.05 mg/ml streptomycin supplemented with 15% FCS, as
described (14). The growing medium was changed every
other day to supply the cells with sufficient nutrients. These
cells were incubated at 37°C in a humidified atmosphere of
5% C02l95% air.
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Lipoprotein Incubation Studies. On reaching 80%
confluence, the BeWo cells were washed two times with
phosphate-buffered saline and maintained in serum-free.
medium containing 0.2% bovine serum albumin for 24 hrs
at 37°C before each study. To measure the effect of
lipoproteins on PLTP, cultured cells that were serum-starved
for 24 hrs were incubated with VLDL, LDL, or apoE-free
HDL3 at 37°C for various time periods. These lipoproteins
(VLDL at d < 1.006 g/ml, LDL at d = 1.019-1.063 g/ml,
and HDL3 at d = 1.125-1.21g/ml) were prepared by
sequential ultracentrifugation from pooled fresh human
plasma (19). Apolipoproteins Band E on the HDL fraction
were removed by heparin-agarose column chromatography,
as described (20). All lipoproteins were stored in I mM
EDTA under nitrogen to minimize oxidation. At the end of
the incubation, conditioned medium was collected for PLTP
activity and Western blot studies. Cells were washed twice
with ice-cold phosphate-buffered saline for cytoplasm
extraction and subsequent analyses. The chemicals used in
the lipoprotein incubation studies, including heparin (Sig­
ma, St. Louis), chloroquine (Sigma), and U0126 (Promega,
Madison, WI), were prepared according to the manufac­
turer's protocol. In the experiments in which these
chemicals were used, the same amounts of solvent used to
dissolve these chemicals were added to the medium as
Controls.

Measurement of PLTP Activity. PLTP activity
(PLTA) in conditioned medium was measured by the
transfer of radioactivity from 14C-radiolabeled phosphati­
dylcholine liposomes to unlabeled HDL particles as
described (6) using 20-100 ul conditioned medium per
assay.

Cytoplasm Extraction and Western Blot Ana­
lysis. Cytoplasm proteins were extracted from washed
cells using a NE-PER cytoplasm extraction kit (Pierce
Biotech, Rockford, lL) according to the manufacturer's
Protocols. Protein concentration was measured by the
Lowry method (21). To compare the cell contents of
proteins of interest, Western blot analyses were performed
Using either 4%-20% SDS gel (for PLTP) or 10% SDS gel
(for MKP-l, phosphorylated ERKI/2, and total ERKI/2),
and approximately 30 ug of medium protein or 150 ug of
cell protein per sample. Electrophoresis was carried out at
200 volts at room temperature for 45 mins. The molecular
weight markers from Invitrogen were applied to each SDS
gel as standards. Proteins on the gel were transferred
electrophoretically at 4°C to 0.2 urn supported nitrocellulose
membrane at 26 volts overnight. The membranes were then
blocked with 5% fat-free milk in Tris buffered saline with
0.05% Tween 20 and subjected to immunoblotting proce­
dures. The primary antibodies used were anti-PLTP
polyclonal antibody developed in our laboratory (22), anti­
MKP-l and anti-ERKl/2 polyclonal antibody from Santa
Cruz Biotech (Santa Cruz, CA) and anti-ACTIVE MAPK
polyclonal antibody from Promega Corp. Species-appropri­
ate horseradish peroxidase-conjugated secondary antibodies

(Kirkegaard and Perry [Gaithersburg, MD] or Promega)
coupled with chemiluminescent substrate (Pierce) were used
as the detecting agents.

Results
Inhibition of PLTP Secretion by LDL. When

VLDL, LDL, and HDL, at concentrations between 10 and
200 ug/ml of cholesterol were incubated with BeWo cells,
only LDL consistently decreased PLTP activity in the
conditioned medium in a dose- and time-dependent manner
(Fig. lA, B). In eight experiments performed with different
preparations of LDL, near-maximal suppression of PLTP
activity was observed with 50 ug/ml of LDL cholesterol. In
fact, about 60% of the maximal suppression was obtained
with I0 ug/ml of LDL. Maximal LDL-mediated inhibitory
effect varied among experiments, ranging from 25% to 75%
of the control with the different LDL preparations. This
variation is much larger than the 5%-10% variation
observed between experiments conducted with the same
preparation of LDL, indicating that components other than
the cholesterol in LDL may be responsible for the observed
inhibitory effect. The suppression of PLTP activity usually
approached the maximal level by 8 hrs of incubation (Fig.
IB). Consistent with the reduction in PLTP activity,
Western blot analysis also showed that LDL reduced PLTP
mass in BeWo-conditioned medium (Fig. lC). In two
experiments, the decrease in PLTP mass (43% and 35%)
was similar to the decrease in PLTP activity (38% and
36%). No significant change in PLTP mRNA in BeWo cells
was observed within 8 hrs of incubation with 100 ug/ml of
LDL (data not shown), indicating that the mechanism
responsible for the inhibitory effect of LDL was likely a
result of posttranscriptional regulation.

To exclude the possibility that the reduction in PLTP
activity detected in BeWo-conditioned medium containing
LDL was not caused by the destabilization of PLTP by
LDL, or the effect ofLDL on the PLTP activity assay, LDL
at 25, 50, 100, and 200 /lg/ml was added to different
aliquots of a BeWo-conditioned medium containing no
LDL. The mixtures were incubated at either 4° or 37°C for
24 hrs, and PLTP activity was measured. No reduction in
PLTP activity was observed in mixtures containing LDL
compared to the control medium with no LDL in samples
maintained at 4°C and at 37°C. Thus, LDL at concentration
:::;200 /lg/ml had no effect on the PLTP activity assay and
did not affect the stability of the PLTP activity in BeWo­
conditioned medium.

Suppression of PLTP Secretion in BeWo Cells
Is Independent of LDL Receptor. Placental trophoblast
cells contain lipoprotein receptors, including LDL-receptor
and LDL-receptor-related protein (LRP) that could bind
lipoprotein particles carrying apolipoprotein Band E for
further metabolism (23). To investigate the roles of these
receptors in the observed LDL inhibition of PLTP secretion,
several experiments were performed. Preincubation of 50
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ug/ml of LDL with heparin (up to 2 mg/ml) that inhibits the
binding of LDL to the LDL receptor had no effect on PLTP­
mediated phospholipid transfer activity detected in the
condition medium, nor did it abolish the inhibitory effect of
LDL on PLTP secretion (Fig. 2, top panel). Similar results
were obtained with preincubation of BeWo cells with
chloroquine (up to 50 !1M) which blocks the LDL-receptor­
mediated LDL endocytosis process (24) (Fig. 2, middle
panel). Likewise, inhibition of both LDL receptor and LRP
with receptor-associated protein (l !1M) (25, 26) did not
affect PLTP secretion or alter LDL-mediated suppression of
PLTP secretion in BeWo cells (Fig. 2, bottom panel). Taken
together, these data strongly support the concept that LDL
inhibits PLTP secretion in BeWo cells via a LDL-receptor­
independent process.

LDL-Suppressed PLTP Secretion via MAPK
Pathway. Because the LDL receptor did not playa role
in the inhibition of PLTP secretion in BeWo cells, we
proceeded to determine whether the inhibition is through a
LDL-initiated signal transduction pathway. As LDL has
been shown to influence the signaling pathway mediated by
mitogen-activated protein kinase (MAPK), we investigated
whether the MAPK cascade pathway is also involved in the
LDL-mediated suppression of PLTP secretion in BeWo
cells. The effect of MAPK kinase (MEK) inhibitor U0126
on PLTP secretion was studied. U0126, which can directly
inhibit both activated and inactive MEK (27, 28),
completely abolished the inhibition of PLTP secretion by
LDL (Fig. 3). These data indicate that the MAPK signal
transduction pathway is involved in the LDL-mediated
suppression of PLTP secretion in BeWo cells.

Inhibition of PLTP Secretion via LDL-Mediated
MKP-1 Induction and ERK1/2 Inactivation. It has
been reported that LDL may stimulate the expression of
MAPK phosphatase-l (MKP-l) through a LDL-independ­
ent pathway in human vascular smooth muscle cells (29).
We therefore tested whether LDL had an effect on MKP-l
in BeWo cells. The addition of LDL into BeWo cells
increased MKP-l after a 10-min exposure time (Fig. 4, top
panel). Concomitant with the increase in MKP-I, there was
a decrease in the phosphorylated active form of p44/p42
extracellular signal-regulated protein kinases (ERK) 1 and 2,
two members of the MAPKs (Fig. 4, middle panel);
however, total p44/p42 ERK remained unchanged (Fig. 4,
bottom panel). This implies that LDL might induce the

Figure 1. Effects of Jipoproteins on phospholipid transfer protein
(PLTP) secretion in BeWo cells. BeWo cells were serum-starved for
24 hrs before a study. (A) BeWo cells were incubated with various
concentrations of VLDL, LDL, or HDL cholesterol at 37'C for 24 hrs.
(B) Cells were incubated with 100 Ilg/ml LDL cholesterol for various
periods of time. (C) Incubation was performed in the presence of 50
or 100 Ilg LDL cholesterol for 24 hrs. At the end of the incubation, the
medium was collected for PLTP activity (PLTA) measurement (A and

B) and Westem blot analysis for PLTP mass (C). PLTP activity is
expressed as a percentage of the activity in control medium; that is,
medium without lipoprotein (A) or at zero incubation time (B). PLTP
mass is expressed as a ratio to the mass in the control medium
without lipoprotein (C). The data in Figure 1A show the mean ± SE
from eight experiments with LDL, three experiments with VLDL, and
five experiments with HDL. Figure 1B shows the mean ± SE from
four experiments, and Figure 1C shows the original data from two
experiments.
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Discussion

A high concentration of LDL in plasma is a major risk
factor for atherosclerosis and coronary heart disease. In
addition to cholesterol delivery to peripheral cells, LDL may
stimulate proliferation of smooth muscle cells that can lead
to the development of atherosclerosis (30, 31). The LDL-

;

Figure 2. LDL-mediated inhibition of PLTP secretion in BeWo cells
is LDL-receptor-independent. Preincubation of LDLwith heparin(1 or
2 mglml)at 4°e for 1 hr, or preincubation of the cells with chloroquine
(25or 50 J.lM) at 37°e for 2 hrs,or preincubation of the cells with RAP
(0.07or 1 J.lM) at 37°e for 1 hr was performed before the additionof
LDL(50 J.lg/ml) intothe incubation medium. Aftera 24-hr (heparin and
chloroquine), or B-hr (RAP) incubation, conditioned medium was
Collected for the measurement of PLTP activity (PLTA). The data
showthe mean :t SE from three experiments and are expressed as
percentages of the corresponding controls (PLTP in mediumwithout
LDL and the study chemicals). Open bars represent incubations
Without LDL, and closed bars represent incubations with LDL.

initiated signal transduction pathways leading to smooth
muscle cell proliferation have recently been studied (29).
LDL induces the expression of MKP-I via activation of
protein kinase C and tyrosine kinase independent of the
LDL receptor. MKP-l is a member of the dual-specificity
tyrosine phosphatase family and has been shown to
dephosphorylate some family members of MAPKs, includ­
ing ERKs, resulting in their inactivation (32, 33). ERKs are
very active in smooth muscle cells and macrophages in
response to extracellular stimuli, such as LDL (34, 35).

A recent report indicates that human placenta tissues
have expressed and activated MAPK molecules, such as
ERK 1/2 (36), indicating that the MAPK signal transduction
pathway could be actively involved in the proliferation,
differentiation, and growth of placenta cells. In this study,
we reported for the first time that BeWo cells exhibit both
active and inactive ERKI/2 molecules, and this signaling
pathway could playa role in PLTP secretion. BeWo cells
are rapidly growing and differentiated cells and have
relatively high amounts of active ERK molecules in
cytoplasm, as shown in Figure 4, in contrast to those in
the smooth muscle cells, which could be detected only after
LDL-mediated activation (29). Our data indicate that ERKs
are essential signaling molecules for PLTP secretion. Their
abundance may contribute in part to the relatively large
quantities of PLTP secreted by BeWo cells. This study also
demonstrates that LDL can influence the MAPK signaling
pathway in BeWo cells. The LDL-mediated signaling in
BeWo cells appears to favor the inactivation of MAPK
molecules by inducing MKP-I, while in smooth muscle
cells, this signaling leads to the activation of MAPK (29, 34,
35). Because MKP-l plays an important role in negative
feedback regulation of MAPK signaling pathway (37), the
balance between MAPK activation and MKP-I induction
appears to be a key determinant of the response of cells to
environmental stimuli (38). The effect of LDL on MKP-l
and ERKs appears to result from the alteration in the ratio of
MKP-l and the active and inactive forms of ERKs
molecules. This concept would explain why U0126, which
can directly inhibit both active and inactive MEKs, could
perhaps maintain the balance of these molecules in a cell
and could prevent the LDL-mediated suppression of PLTP
secretion in BeWo cells (Fig. 3).

Considerable batch-to-batch variability in the suppres­
sive effect of LDL was observed, suggesting the possibility
that oxidized lipids could be the active component
responsible for the suppression of PLTP secretion in BeWo
cells. This does not appear to be the case, as two
preparations of oxidized LDL suppressed PLTP secretion
in BeWo cells to the same extent as the corresponding
amount of native LDL based on LDL protein concentration
(50% vs. 55% and 31% vs. 27% for oxidized and native
LDL, respectively).

The placenta plays an essential lipid transport role in
fetal nutrition (39, 40). Placental PLTP may playa role in
this process, based on existing knowledge on the physio-
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expression of MKP-I, which inactivates ERKI/2 and
SUbsequently reduces the PLTP secretion in BeWo cells.
As HDL did not show any effect on PLTP secretion, we
tested whether HDL could affect MKP-l and ERKs in
BeWo cells. In contrast to LDL, incubation of HDL for 5­
60 mins with these cells did not alter MKP-l or ERKl/2
(data not shown). These data indicate that the LDL­
mediated suppression of PLTP secretion in BeWo cells is
most likely through a MAPK cascade-signaling pathway.
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Figure 3. MEK inhibitor, U0126, inhibits the LDL-mediated suppres­
sion of PLTP secretion in BeWo cells. BeWo cells were serum
starved for 24 hrs, preincubated with U0126 (5 or 10 11M) at 37°C for 1
hr before the addition of 100 Ilg/ml LDL into the incubation. After a 4­
or s-hr incubation, the medium was measured for PLTP activity
(PLTA). The data show the mean value of two experiments and are
expressed as percentages of control incubation without LDL and
U0126. Open bars represent incubations without LDL, and closed
bars represent incubations with LDL

Figure 4. LDL enhances the expression of MKP.1 and inactivation of
ERK1/2. BeWo cells were serum starved for 24 hrs and then
incubated with 100 Ilg/ml LDL cholesterol at 3TC for the indicated
periods of time. At the end of the incubation, cells were washed twice
with ice-cold phosphate-buffered saline. Cytoplasm proteins were
extracted from washed cells, and approximately 150 Ilg of these
proteins per sample" was separated on a 10% SDS gel and
transferred to nitrocellulose membrane for Western blot analyses of
MKP-1, phosphorylated (or active) ERK1/2 (pERK1/2), and total
ERK1/2. The blots were scanned to calculate the mass of these
signaling molecules and are expressed as a ratio to themass in the
same experiment at zero incubation time. The Western blot shown is
from a representative experiment, and the mean :': SE are from three
experiments.

logical role of PLTP in general. Human placental tissues
express high level of PLTP mRNA (9), and among the
several cell types we have examined, the BeWo chorio­
carcinoma cell line secretes the highest level of PLTP. This
study shows that LDL suppresses PLTP secretion in BeWo
cells but does not address the question of whether these
findings are specific for BeWo cells. We speculate that
BeWo cells are particularly responsive to LDL suppression
of PLTP secretion, as similar concentrations of LDL had a
minimal effect on PLTP activity in cultured HepG2 cells.
Because LDL levels rise 60% in normal term pregnancy
(39-41), placental PLTP expression may be proportionally
reduced as gestation proceeds.

The general physiological role of PLTP is to transfer
phospholipid from VLDL to HDL, leading to HDL
generation and remodeling (9). This process is very
important because apo A-I and phospholipid are the
building blocks of HDL, which then interacts with various
enzymes and tissues to accumulate and transport choles­
terol. In vivo studies using genetically modified mice
support this view. Introduction of the human PLTP
transgene into mice alters the ratio of HDL/LDL
cholesterol levels (42), and coexpression of PLTP with
human apo A-I increases the formation of pre-beta HDL
(43), a precursor of mature HDL. In PLTP knockout mice,
HDL lipids and apo A-I levels are dramatically reduced,
whereas phospholipid and free cholesterol accumulate in
VLDL and LDL (44).

If placental PLTP activity declines in the latter half of
gestation, one might predict that HDL levels would
decrease in the second half of gestation. This prediction
is borne out by observations in normal pregnancy. Levels
of HDL cholesterol rise from about 55 to 80 mg/dL at 20
weeks' gestation, followed by a decrease to about 65 mg/
dL at term (39-41). We have previously speculated that
the rise and then partial fall in HDL cholesterol in
pregnancy might be a result of the competitive effects of
estrogen to increase HDL and apo A-I formation in the
first half of gestation, countered in late gestation by fat
gain, insulin resistance, and fat-mobilizing hormones such
as cortisol, placental growth hormone, and progesterone
(39, 40). An increase in placental PLTP secretion in early
gestation could contribute to the rise in HDL cholesterol
and apo A-I levels. In late gestation, a LDL-driven decline
in placental PLTP secretion could plausibly contribute to a
decline in HDL generation and HDL cholesterol level. The
resulting interplay between rising LDL cholesterol and
falling HDL cholesterol levels may balance cholesterol
delivery to the placenta and fetus, as both lipoprotein
fractions deliver cholesterol to the placenta and stimulate
progesterone secretion (45). A gestational PLTP effect on
lipoprotein metabolism is further supported by our recent
.observation that PLTP activity is more strongly associated
with lipoprotein lipid levels in women compared to in men
(17).



LDL INHIBITS PLTP SECRETION IN BEWO CELLS 1051

We thank Dr. Guojun Bu of Washington University for kindly
providing the receptor-associated protein. Appreciation is also expressed to
Hal Kennedy for his data analysis and illustration preparation.

I. Tall AR, Jiang X-C, Luo Y, Silver D. Lipid transfer proteins, HDL
metabolism, and atherogenesis. Arterioscler Thromb Vase Bioi
20:1185-1188,2000.

2. van Tol A. Phospholipid transfer protein. CUIT Opin Lipidol 13:135­
139,2002.

3. Oram JF, Wolfbauer G, Vaughan AM, Tang C, Albers JJ. Phospholipid
transfer protein interacts with and stabilizes ATP-binding cassette
transporter A I and enhances cholesterol efflux from cells. J Bioi Chem
278:52379-52385, 2003.

4. Tollefson JH, Ravnik S, Albers JJ. Isolation and characterization of a
phospholipid transfer protein (LTP-Il) from human plasma. J Lipid Res
29:1593-1602, 1988.

5. Tall AR, Krumholz S, Olivecrona T, Deckelbaum R1. Plasma
phospholipid transfer protein enhances transfer and exchange of
phospholipids between very low density lipoproteins and high density
lipoproteins during lipolysis. J Lipid Res 26:842-85 I, 1985.

6. Cheung MC, Wolfbauer G, Albers J1. Plasma phospholipid mass
transfer rate: relationship to plasma phospholipid and cholesteryl ester
transfer activities and lipid parameters. Biochim Biophys Acta
1303:103-110, 1996.

7. Jiang XC, Bruce C, Mar J, Lin M, Ji Y, Francone OL, Tall AR.
Targeted mutation of plasma phospholipid transfer protein gene
markedly reduces high-density lipoprotein levels. J Clin Invest
103:907-914, 1999.

8. Tu A-Y, Nishida HI, Nishida T. High-density lipoprotein conversion
mediated by human plasma phospholipid transfer protein. J BioI Chem
268:23098-23105, 1993.

9. Albers JJ, Wolfbauer G, Cheung MC, Day JR, Ching AFT, Lok S, Tu
A-Y. Functional expression of human and mouse plasma phospholipid
transfer protein: effect of recombinant and plasma PLTP on HDL
subspecies. Biochim Biophys Acta 1258:27-34, 1995.

10. von Eckardstein A, Jauhiainen M, Huang Y, Metso J, Langer C,
Pussinen P, Wu S, Ehnholm C, Assmann G. Phospholipid transfer
protein mediated conversion of high density lipoproteins generates
prebeta-HDL. Biochim Biophys Acta 1301:255-262, 1996.

II. Wolfbauer G, Albers JJ, Oram JF. Phospholipid transfer protein
enhances removal of cellular cholesterol and phospholipids by high­
density lipoprotein apolipoproteins. Biochim Biophys Acta 1439:65­
76, 1999.

12. Tu A-Y, Albers JJ. Glucose regulates the transcription of human genes
relevant to HDL metabolism: responsive elements for peroxisome
proliferator-activated receptor are involved in the regulation of
phospholipid transfer protein. Diabetes 50: 1851-1856, 200 I.

13. Urizar NL, Dowhan DH, Moore DD. The famesoid X-activated
receptor mediates bile acid activation of phospholipid transfer protein
gene expression. J Bioi Chem 275:39313-39317, 2000.

14. Tu A-Y, Albers JJ. DNA sequences responsible for reduced promoter
activity of human phospholipid transfer protein by fibrate. Biochem
Biophys Res Commun 264:802-807, 1999.

15. Bouly M, Masson D, Gross B, Jiang X-C, Fievet C, Castro G, Tall AR,
Fruchart J-C, Staels B, Lagrost L, Luc G. Induction of the phospholipid
transfer protein gene accounts for the high density lipoprotein
enlargement in mice treated with fenofibrate. J BioI Chem
276:25841-25847,2001.

16. Murdoch SJ, Carr MC, Hokanson JE, Brunzell JD, Albers JJ. PLTP
activity in premenopausal women. Relationship with lipoprotein lipase,
HDL, LDL, body fat, and insulin resistance. J Lipid Res 41 :237-244,
2000.

17. Cheung MC, Knopp RH, Retzlaff B, Kennedy H, Wolfbauer G, Albers
JJ. Association of plasma phospholipid transfer protein activity with

lDL and buoyant LDL: impact of gender and adiposity. Biochim
Biophys Acta 1587:53-59,2002.

18. Albers JJ, Pitman W, Wollbauer G, Cheung MC, Kennedy H, Tu A-Y,
Marcovina SM, Paigen B. Relationship between phospholipid transfer
protein activity and HDL level and size among inbred mouse strains. J
Lipid Res 40:295-301, 1999.

19. Schumaker VN, Puppione DL. Sequential Flotation Ultracentrifugation.
Methods Enzymol 128:155-170, 1986.

20. Oram JF. Receptor-mediated transport of cholesterol between cultured
cells and high-density lipoproteins. Methods Enzymol 129:645-659,
1986.

21. Lowry OH, Rosebrough NJ, Farr AL, Randall R1. Protein measurement
with the Folin phenol reagent. J BioI Chem 193:265-275, 1951.

22. Murdoch SJ, Wolfbauer G, Kennedy H, Marcovina SM, Carr MC,
Albers JJ. Differences in reactivity of antibodies to active versus
inactive PLTP significantly impacts PLTP measurement. J Lipid Res
43:281-289,2002.

23. Wittmaack FM, Gafvels ME, Bronner M, Matsuo H, McCrae KR,
Tomaszewski JE, Robinson SL, Strickland DK, Strauss JF Ill.
Localization and regulation of the human very low density lip­
oprotein/apolipoprotein-E receptor: trophoblast expression predicts a
role for the receptor in placental lipid transport. Endocrinology
136:340-348, 1995.

24. Goldstein JL, Brunschede GY, Brown MS. Inhibition of the proteolytic
degradation of low density lipoprotein in human fibroblasts by
Chloroquine, Concanavalin A, and Triton WR1339. J Bioi Chem
250:7854-7862, 1975.

25. Warshawsky I, Bu G, Schwartz AL. Identification of domains on the
39-kDa protein that inhibit the binding of ligands to the low density
lipoprotein receptor-related protein. J Bioi Chem 268:22046-22054,
1993.

26. LaDu MJ, Shah JA, Reardon CA, Getz GS, Bu G, Hu J, Guo L, Van
Eldik LJ. Apolipoprotein E receptors mediate the effects of beta­
amyloid on astrocyte cultures. J BioI Chem 275:33974-33980, 2000.

27. Favata MF, Horiuchi KY, Manos EJ, Daulerio AJ, Stradley DA, Feeser
WS. Van Dyk DE, Pitts WJ, Ear RA, Hobbs F, Copeland RA, Magolda
RL, Scherle PA, Trzaskos JM. Identification of a novel inhibitor of
mitogen-activated protein kinase kinase. J BioI Chem 273: 18623­
18632. 1998.

28. Goueli SA, Hsiao K, Lu T, Simpson D. A novel, selective and potent
inhibitor of MAP kinase kinase (MEK). Promega Notes 69:6-8, 1998.

29. Metzler B, Li C, Hu Y, Sturm G, Ghaffari-Tabrizi N, Xu Q. LDL
stimulates mitogen-activated protein kinase phosphatase- I expression,

independent of LDL receptors, in vascular smooth muscle cells.
Arterioscler Thromb Vase BioI 19:1862-1871, 1999.

30. Libby P, Miao P, Ordovas JM, Schaefer EJ. Lipoproteins increase
growth of mitogen stimulated arterial smooth muscle cells. J Cell
Physiol 124:1-8, 1985.

31. Scott-Burden T, Resink TJ, Hahn AW, Baur U, Box RJ, Buehler FR.
Induction of growth-related metabolism in human vascular smooth
muscle cells by low density lipoprotein. J BioI Chern 264: 12582­
12589, 1989.

32. Sun H, Charles CH. Lau LE, Tonks NK. MKP-I (3CH134), an
immediate early gene product, is a dual specificity phosphatase that
dephosphorylates MAP kinase in vivo. Cell 75:487-493, 1993.

33. Chu Y, Solski PA, Khosravi-Far R, Kelly K. The mitogen-activated
protein kinase phosphatases PACI, MKP-I, and MKP-2 have unique
substrate specificities and reduced activity in vivo toward the ERK2
sevenmaker mutation. J BioI Chern 271:6497-6501, 1996.

34. Kusuhara M, Chait A, Cader A, Berk Be. Oxidized LDL stimulates
mitogen-activated protein kinases in smooth muscle cells and macro­
phages. Arterioscler Thromb Vase Bioi 17:141-148, 1997.

35. Sachinidis A, Seewald S, Epping P, Seul C, Ko Y, Vetter H. The
growth-promoting effect of low-density lipoprotein may be mediated



1052 TU ET AL

by a pertussis toxin-sensitive mitogen-activated protein kinase pathway.
Mol Phannacol 52:389-397, 1997.

36. Kita N, Mitsushita J, Ohira S, Takagi Y, Ashida T, Kanai M, Nikaido
T, Konishi 1. Expression and activation of MAP kinases, ERKI/2, in
the human villous trophoblasts. Placenta 24:164-172, 2003.

37. Li C, Xu Q. Mechanical stress-initiated signal transductions in vascular
smooth muscle cells. Cell Signal 12:435--445, 2000.

38. Hunter T. Protein kinases and phosphatases: the Yin and Yang of
protein phosphorylation and signaling. Cell 80:225-236, 1995.

39. Knopp RH, Warth MR, Charles D, Childs M, Li JR, Mabuchi H and
Van Allen, M1. Lipoprotein metabolism in pregnancy, fat transport to
the fetus, and the effect of diabetes. BioI Neonate 50:297-317, 1986.

40. Knopp RH, Bonet B, Zhu X-D. Lipid metabolism in pregnancy. In:
Cowell RM Ed. Principles of Perinatal-Neonatal Metabolism (2nd ed.).
New York: Springer, p221, 1998.

41. Desoye G, Schweditsch MO, Pfeiffer KP, Zechner R, Kostner GM.
Correlation of hormones with lipid and lipoprotein levels during

pregnancy and postpartum. J Clin Endocrlnol Metab 64:704-712,
1987.

42. Albers JJ, Tu AY, Paigen B, Chen H, Cheung MC, Marcovina SM.
Transgenic mice expressing human phospholipid transfer protein have
increased HDL/non-HDL cholesterol ratio. Int J Clin Lab Res 26:262­
267, 1996.

43. Jiang X-C, Francone OL, Bruce C, Milne R, Mar J, Walsh A, Breslow,
Tall AR. Increased prep-high density lipoprotein, apolipoprotein AI,
and phospholipid in mice expressing the human phospholipid transfer
protein and human apolipoprotein AI transgenes. J Clin Invest
96:2373-2380, 1996.

44. Jiang X-C, Bruce C, Mar J, Lin M, Ji Y, Francone OL, Tall AR.
Targeted mutation of plasma phospholipid transfer protein gene
markedly reduced high-density lipoprotein levels. J Clin Invest
103:907-914, 1999.

45. Lascuncion MA, Bonet B, Knopp RH. Mechanism of the HDL-2
stimulation of progesterone secretion in cultured placental trophoblast.
J Lipid Res 32:1073-1087, 1991.


