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Abstract

High density lipoproteins (HDL) stimulated a dose-dependent
increase in the release of placental lactogen (hPL) from human
placental explants. The stimulation was not prevented by deli-
pidation of HDLbut was completely blocked by tryptic digestion.
Delipidated apolipoproteins (Apo) Al, All, and CI also stimulated
hPL release but other apolipoproteins were without effect. HDL
and Apo CI had no effects on -the release of luteinizing hormone
and follicle-stimulating hormone from rat pituitary cells or the
release of prolactin from human decidual cells. Because placental
cells have specific HDLreceptors and plasma HDLconcentra-
tions increase during pregnancy, these results strongly suggest
a role for HDLin the regulation of hPL release during pregnancy
possibly independent of their usual role in plasma lipid transport.

Introduction

Humantrophoblast cells, which synthesize and secrete both ste-
roid and protein hormones, have specific membrane receptors
for high density lipoproteins (HDL)' (1). The effects of HDLon
the synthesis and secretion of steroid and protein hormones and
on other aspects of placental physiology, however, are unknown.
A major role for HDL in placental steroidogenesis appears un-
likely because low density lipoproteins (LDL) appear to be the
primary source of cholesterol for placental progesterone synthe-
sis (2).

During pregnancy, human trophoplast cells synthesize and
secrete large amounts of human placental lactogen (hPL), a pro-
tein hormone with striking chemical and biological similarities
to human growth hormone and human prolactin (3). First de-
tected in maternal plasma at 6 wk of gestation (4), hPL affects
maternal lipid, carbohydrate and protein metabolism (5), and
stimulates fetal somatomedin production (6). However, despite
numerous investigations, the factors regulating the release of
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hPL are poorly understood. Because both plasma HDL (7-9)
and hPL (4) concentrations increase progressively during preg-
nancy, we have examined whether HDLstimulates the release
of hPL from human placental explants.

Methods

Human placental explants were prepared and incubated as previously
described (10). After a 24-h preincubation in medium RPMI 1640, the
explants were incubated for up to 6 h in either fresh control medium or
fresh medium containing HDL, LDL, or different apolipoproteins. Al-
iquots of the medium after 1, 3, or 6 h of culture were assayed for hPL
by specific homologous radioimmunoassay (11). HDL (density 1.10-
1.21 g/ml) and LDL (density 1.012-1.063 g/ml) were prepared from
pooled normal human nonpregnant female sera by the method of Havel
(12). Apoproteins A, C, and E were prepared from human very (V)LDL
or HDLby the methods of Edelstein (13), Shore (14), and Shelburne
(15), respectively, using molecular sieve DEAEor heparin affinity chro-
matography. Analysis of the individual apoproteins by overload (100
Ag) SDS( 16), and urea ( 17) polyacrylamide gel electrophoresis indicated
that each of the apoproteins was >98% purified.

For selected experiments, HDLwas delipidated at 40C with ethanol-
ether by the method of Brown (18). Analysis of the delipidated HDLfor
phospholipid (19), cholesterol (20), and triglyceride (21) indicated that
the delipidation procedure removed >98% of the phospholipids and
neutral lipids. In other experiments, HDL(600 ,g/ml) was treated with
trypsin (Sigma Chemical Co., St. Louis, MO) at a ratio of 1 'gg trypsin/
150 ,gg HDLfor 16 h at 370C. At the end of the 16 h, trypsin soybean
inhibitor (3 ,ug) was added to the reaction vessels to stop the proteolytic
reactions. Explants incubated in control medium that had been exposed
to trypsin and soybean inhibitor at the same concentration used for the
digestion of HDLreleased the same amounts of hPL as control explants.
Statistical differences between sample means were tested by analysis of
variance. Treatment contrasts were performed using Dunnett's test or
the Newman-kuels test.

Results

Human placental explants exposed for 6 h to HDL released
significantly more hPL than control explants (Fig. 1). The stim-
ulation was greatest during the first hour of exposure but persisted
throughout the exposure period. The effect of HDLwas dose-
dependent with maximal stimulation of hPL release of -250%
at HDLconcentrations equal to or greater than 4.0 mg/ml (Fig.
2). The half-maximal effective dose of HDLwas 0.35-0.40 mg/
ml, which is below the normal mean female plasma HDLprotein
concentrations (1.6 mg/ml) (22). LDL also stimulated hPL re-
lease, but the stimulatory effect was not dose-dependent and the
maximal stimulation was only 16.1% that of HDL (Fig. 2).

Delipidation of lyophilized HDLwith ethanol-ether at 4°C
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Figure 1. The effects of HDLon the release of hPL from human pla-
cental explants. Humanplacental explants were incubated for 6 h in
medium containing 0 (open circle, solid lines), 66 (open triangles), 200
(open squares) or 600 Ag (open circles, dashed lines) HDL/ml (Brad-
ford protein). The amounts of hPL released at 1, 3 and 6 h after expo-
sure to each of the concentrations of HDLwere statistically different
from that of control explants (P < 0.05 for 66 and 200 ,g HDL/ml at
each time point; P < 0.01 for 600 Mg HDL/ml).
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to produce nearly complete removal of lipids (>98%) caused no

loss of stimulatory activity (Fig. 3 a). In fact, the amount of hPL
released by delipidated HDL (0.6 mg/ml) was 154.6% greater
than that released by an equal amount of native HDL. Proteolytic
digestion of HDLwith trypsin, however, completely destroyed
the stimulatory activity (Fig. 3 b). Exposure of placental explants
for 1 h to the isolated delipidated apoproteins apo Al and All
(major components of human HDL [23]) and apo CI (a minor
component of human HDL) significantly stimulated hPL release,
but exposure to other minor components (apo CII, CIII, and E)
had no effect (Table I). Over the range of concentrations tested,
the relative potencies of the active apolipoproteins were apo CI
> All > AI. VLDL, which contain apo CI (14), also stimulated
hPL release (data not shown). However, the potency of HDL,
normalized to total protein mass, was four- to fivefold greater
than that of VLDL.

Although HDLand apo CI markedly stimulated hPL release,
neither HDL nor apo CI stimulated the release of luteinizing
hormone from rat anterior pituitary cells (24) or the release of
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Figure 2. The dose dependency of HDL- and LDL-stimulated hPL re-

lease. Humanplacental explants were exposed for 1 h to HDL (open
circles) or LDL (open squares) as described in Methods.

Figure 3. The effects of delipidation (a) and tryptic digestion (b) on
the stimulation of hPL release by HDL. (a) Placental explants were in-
cubated for 1 h in control medium (open circles, dashed lines) or me-
dium containing intact HDL (300 ug/ml) (open boxes) or HDL (300
gg/ml) which had been delipidated at 4VC with ethanol-ether (open
triangles). (b) Placental explants were exposed for 1 h to control me-
dium (open circles, dashed lines) or to medium containing either HDL
(600 Mg/ml) (open circles, dotted lines), HDL (600 ;,g/ml) treated with
trypsin (open boxes, dashed lines), or control medium treated with
trypsin (open boxes, dot dashed lines).

Table I. Effects of Apolipoproteins
on hPL Release from Placental Explants

Treatment hPL, mean + SEM(n =3)

AM ng

Control 94.5±2.8
Al 0.8 108.8±5.2*

2.4 129.8±4.1*
7.2 140.4±2.6$

21.5 187.5±3.7*
All 0.9 97.5± 1.2

2.6 123.8±2.4*
8.0 166.5±4.1$

23.5 199.8±4.0*
CI 1.1 111.0±2.1 *

3.4 123.8±3.7*
10.2 217.5±6.9*

CII 9.1 96.2±2.5
18.2 98.1±3.8

CIII 2.2 90.2±5.1
9.1 94.7±4.2

E 12.1 88.2±4.1
20.6 90.7±2.1

Human placental explants were exposed for 1 h to different concentra-
tions of apo Al, AII, CI, CII, CIII, or E as described in Methods. Sta-
tistical differences from control are indicated by footnotes; *P < 0.05,
*P<0.01.
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prolactin from human decidual cells (25). Triplicate cultures of
pituitary cells exposed for 1 h to control medium or medium
containing HDL(0.1, 0.25, or 1.0 mg/ml) or apo CI (1.6, or 8.0
,gM) released 5.3±0.3 (mean±SEM) to 5.6±0.5 ng LH/ 106 cells,
while pituitary cells exposed to gonadotropin-releasing hormone
(0.01 MM) released 68.9±2.6 ng luteinizing hormone/106 cells.
Triplicate cultures of human decidual cells exposed for 1 h to
control medium, HDL, and Apo CI at the same concentrations
used in the pituitary experiments released 1 1.9±1.8 to 13.2±1.7
ng prolactin/ 106 cells. HDLalso had no effect on the release of
TCA-precipitable [35S]methionyl proteins from placental ex-
plants preincubated in medium containing [35S]methionine (data
not shown).

Discussion

These studies indicate that the stimulation of hPL release by
HDLis primarily due to its apoprotein constituents. Proteolytic
digestion of HDL by trypsin completely destroyed the stimu-
latory activity of the lipoprotein, while delipidation to remove
>98% of the phospholipids and neutral fats did not. In fact, the
stimulatory response to a given apoprotein mass was greater for
the delipidated than the lipidated protein, possibly due to dif-
ferences in protein structure in the nonpolar and polar environ-
ments. Although the data indicates that the effect of HDL is
primarily due to apoproteins, it is possible that HDL lipid con-
stituents modulate the effect.

The stimulation of hPL release by HDLwas not due to a
generalized effect on hormone release because maximal stimu-
latory concentrations of HDL had no effect on the release of
luteinizing hormone from rat pituitary cells or the release of
prolactin from human decidual cells. The increase in hPL release
was also not due to a generalized stimulation of placental protein
release because HDL did not affect the release of total
[35S]methionyl proteins from placental explants prelabeled for
24 h with [35S]methionine. Likewise, apo CI had no effects on
LH and prolactin release or the release of [35S]methionyl pla-
cental proteins.

To date, studies of the physiology of the plasma apolipopro-
teins have focused on the effects of the proteins on lipid transport.
The interactions of the apoproteins with cell receptors, along
with activation and inhibition of enzymatic and transfer activities
of plasma lipids, have been studied extensively (26, 27). However,
the physiologic effects of the apoproteins in areas other than
plasma lipid transport have not been well characterized. Al-
though the mechanisms by which HDLapoproteins stimulate
hPL release is unknown, that delipidated apoproteins stimulate
release suggests that the stimulation is not due to the transport
of lipids to the placenta. Because each of the stimulatory apo-
lipoproteins are amphipathic (28), having polar and nonpolar
domains, the stimulation of hPL release may be related to the
detergent effect of the apolipoproteins on plasma membrane
lipids. However, other amphipathic apolipoproteins (CI, CIII,
and E) were without effect, suggesting a more specific interaction.
The absence of a commonmetabolic function of the three active
apoproteins in other systems (26, 27) further suggests that the
stimulation of hPL release may be unrelated to an effect of the
HDLproteins on lipid structure or metabolism.

In a recent report, Darbon and co-workers (29) demonstrated
that HDLstimulate a dose-dependent and rapid phosphorylation
of a 27-kD protein in quiescent bovine endothelial cells, an effect

mimicked by both 12-O-tetradecanoyl phorbol 13-acetate (TPA)
and l-oleoyl-2-acetylglycerol. Total HDLapoproteins but not
HDLlipids also mimicked the effect of HDL. Because TPAand
l-deoyl-2-acetylglycerol are known to stimulate protein kinase
C (30), this study strongly supports a role for protein kinase C
in HDLaction on endothelial cells. Investigations from our lab-
oratory have recently demonstrated that TPA and sn 1,2 diac-
ylglycerol stimulate both placental protein kinase C and hPL
release from enriched hPL-producing trophoblast cells (31). Be-
cause HDLand HDLapoproteins activate protein kinase C in
endothelial cells, the stimulation of hPL release may also be
secondary to protein kinase C activation.

The demonstration that apo Al, All, and CI stimulate hPL
release provides the first evidence that lipoprotein apoproteins
affect protein hormone release. Because human trophoblast cells
contain plasma membrane receptors for HDLand the concen-
tration of HDLincreases during pregnancy, the observation that
physiologic concentrations of HDLstimulate hPL release in vitro
suggests an in vivo role for HDL in the release of hPL release
during pregnancy. Because immunoaffinity chromatography
studies of plasma HDL using antibodies to the different apo-
proteins indicates that HDL is a very heterogeneous group of
lipoproteins (32, 33), it may be possible to identify an HDL
particle with an optimum stoichiometry of the three active apo-
proteins that maximally stimulates hPL release. The demon-
stration of the novel action of HDLapoproteins on hPL release
raises the possibility that apolipoproteins may influence the se-
cretion of other protein hormones and may have other biologic
effects unrelated to lipid transport.
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