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Mammalian cells require cholesterol as a structural
component of plasma membranes. It is also required
for placental steroid synthesis. Oe novo synthesis of
cholesterol is limited in human placenta and choles-
terol is obtained mainly from plasma low density
lipoprotein (LDL). Cholesterol delivery from LDL is
mediated by receptor-mediated uptake and the re-
ceptor amount is the most important factor for cel-
lular delivery. Thus, the regulation of receptor syn-
thesis is important for placental development and
function. Since the regulation of LDL receptor gene
expression has not been studied in human placenta,
LDL receptor mRNA was measured in placentae of
5-40 weeks of gestation by hybridization of RNA
with 32P-labeled cDNA for human LDL receptor. Two
mRNA species for LDL receptor were demonstrated
by Northern blot analysis. The longer mRNA [5.3
kilobases (kb)] was much more abundant than the
shorter mRNA (3.7 kb). The amount of 5.3 kb mRNA
was highest early in gestation and decreased during
pregnancy. However, the amount of 3.7 kb mRNA
did not change appreciably during gestation. Dot
blot analysis of 26 placental mRNAs obtained from
various stages of gestation revealed a negative cor-
relation between LDL receptor mRNA and gestation
(r = -0.76, P < 0.001). Considering the rapid growth
of the trophoblast during gestation, especially in the
first and the second trimester, increased expression
of the LDL receptor gene and subsequent translation
are expected for efficient cholesterol uptake to pro-
vide a sufficient substrate for cell growth. Possible
mechanisms for the appearance of two mRNA spe-
cies for LDL receptor are also discussed. (Molecular
Endocrinology 3: 1252-1256, 1989)

INTRODUCTION

Cholesterol is an important component of plasma mem-
branes (1). Plasma low density lipoprotein (LDL) is the
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major cholesterol carrier protein in humans, although
plasma high density lipoprotein is important for choles-
terol delivery in rodents (2-4). LDL enters cells by a
receptor-mediated endocytotic pathway, initially de-
scribed by Goldstein and Brown (5). The receptor num-
ber is regulated by the cellular demand for cholesterol
(6). Thus, cells that synthesize steroid hormones and
grow rapidly have high levels of LDL receptors (6, 7).

The human placenta grows rapidly during gestation
and possesses endocrine activity for steroid synthesis
(8, 9). The development of the trophoblast and synthe-
sis of steroid hormones require a large amount of
cholesterol as a constituent of plasma membrane and
as a precursor for progesterone. However, de novo
production of cholesterol by the placental trophoblast
is limited (10,11). Winkel et al. (2) reported that placen-
tal biosynthesis of progesterone is principally depend-
ent upon cholesterol derived from maternal plasma
LDL.

LDL receptor in placenta has been characterized by
several investigators (12, 13). It was shown that the
receptors are located on the microvillous membranes
and are present as early as the sixth week of gestation
(13). The affinity for LDL is constant during pregnancy
and at any gestational age, is similar to that in other
human tissues such as fibroblast, adrenal gland, and
corpus luteum (4, 13). The changes in the amount of
the receptor in placenta could be the most important
factor for cholesterol delivery during pregnancy. How-
ever, quantitative estimates of the receptor number
seem to be difficult due to the presence of endogenous
LDL in microvillous preparations (13). On the other
hand, the changes in LDL receptor mRNA level was
shown to correlate with the changes in the receptor
synthesis (14). This, to study the regulation of LDL
receptor synthesis in human placenta, the changes in
the steady state levels of LDL mRNA in human placenta
at various gestational stages were analyzed.
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RESULTS

As shown in Fig. 1, a negative correlation between total
RNA recovery from placental villi and gestational weeks
was observed (r = -0.68, P < 0.001).

Northern blots of poly(A)+ RNAs from placentae of 8,
20, and 37 weeks' gestation were hybridized with 32P-
labeled LDL receptor cDNA (Fig. 2A). In the autoradi-
ogram, two bands were visualized, corresponding to
5.3 kilobases (kb) and 3.7 kb long. Northern blot analy-
sis of /3-actin mRNA showed a single band whose size
was 2.1 kb (Fig. 2B). Densitometric analysis revealed
the amount of 5.3 kb LDL receptor mRNA decreased
50% from 8 to 37 weeks of gestation (Table 1). The
levels of 3.7 kb mRNA remained unchanged during
gestation. These data indicated that the change of LDL
receptor gene expression during gestation was primar-
ily due to a decrease in the amount of 5.3 kb mRNA.
/3-Actin mRNA also decreased with gestation.

Although Northern blot analysis is accepted as a tool
for the measurement of mRNAs, dot blot analysis is
thought to be more accurate because RNA loss at
blotting step can be eliminated and the method allows
the measurement of many samples at a time. Thus,
LDL receptor mRNA levels in 26 individual placentae of
5-40 weeks gestation were determined by dot blot
analysis. The mRNA levels were most abundant in the
first trimester placentae and decreased to approxi-
mately one quarter of the level in the third trimester
placentae (Fig. 3). The mRNA levels were negatively
correlated with gestational weeks (r = -0.76, P <
0.001).

The amount of /3-actin was similarly determined. As
shown in Fig. 4, /3-actin mRNA levels also negatively
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Fig. 1. Total RNA Recovery from Placental Villi as a Funciton
of Gestational Weeks

The amounts of total RNA were determined by A at 260
nm. Correlation between the amounts of total RNA per wet
weight (mg/g) and gestational weeks was assessed by linear
regression analysis. A significant negative correlation (r =
-0.68, P < 0.001) was observed.
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Fig. 2. Northern Blot Analysis of LDL Receptor mRNA and /3-
Actin mRNA in Human Placentae from Various Gestational
Stages

Five micrograms of placental poly(A)+ RNA from 8 weeks
(lane 1), 20 weeks (lane 2), and 37 weeks of gestation (lane 3)
were fractionated by electrophoresis through 0.8% agarose
gel and transferred onto nylon membrane (Gene Screen Plus
membrane). The probes were LDL receptor cDNA (A) and /3-
actin cDNA (B), respectively. The numbers at the left indicate
molecular size in thousands of bases, determined from the
migration of molecular weight marker (EcoRI and H/ndlll-cut
bacteriophage X).

Table 1. Amounts of LDL Receptor mRNA and /3-Actin
mRNA in Placentae from Various Gestational Weeks

Gestational
Weeks

8
20
37

LDL Receptor
mRNA

5.3 kb 3.7 kb

100 2.9
74.1 3.1
51.4 3.3

/3-Actin mRNA

100
82.0
65.1

The amounts of mRNA for LDL receptor and /?-actin were
determined by densitometric analysis of corresponding bands
in Northern blot (Fig. 2). Data were expressed as the percent-
age of the densities of the band at 5.3 kb at 8 weeks of
gestation for both 5.3 kb and 3.7 kb LDL receptor mRNAs.
For (8-actin mRNA, densities of the bands at 2.1 kb were also
expressed as the percentage of the densities at 8 weeks of
gestation.

correlated with gestational weeks (r = -0.72, P <
0.001).

Decreased LDL receptor and /3-actin mRNAs in the
second and the third trimester placentae may not be
due to general RNA degradation. Since the relative ratio
of human PL (hPL) mRNA against total RNA in placenta
increases with gestation (15), we measured the hPL
mRNA by hybridization with human GH (hGH) cDNA
which shows a high degree of homology (16) and cross-
hybridizes with hPL mRNA. The cDNA hybridized with
only 0.9 kb mRNA in Northern blot analysis of poly(A)+

RNAs from placentae (data not shown). This size is
consistent with that of hPL mRNA. The best fit line
between the amounts of hPL mRNA and gestational
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Fig. 3. LDL Receptor mRNA as a Function of Gestational
Weeks

The amounts of LDL receptor mRNA were determined by
dot blot analysis and were expressed as arbitrary units. Cor-
relation between the amounts of LDL receptor mRNA and
gestational weeks was assessed by linear regression analysis.
A significant negative correlation (r = -0.76, P < 0.001) was
observed.
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Fig. 4. /3-Actin mRNA as a Function of Gestational Weeks
The amounts of 0-actin mRNA were determined by dot blot

analysis and were expressed as arbitrary units. Correlation
between the amounts of 0-actin mRNA and gestational weeks
was assessed by linear regression analysis. A significant neg-
ative correlation (r = -0.72, P < 0.001) was observed.

weeks is shown in Fig. 5. Although data for 27-37
weeks were missing, the amounts of hPL mRNA in-
creased from first trimester, reaching plateau at second
trimester (r = 0.52, P < 0.05).

DISCUSSION

Yamamoto et al. (17) reported that a single and discrete
LDL receptor mRNA (5.3 kb) was detected when
poly(A)+ mRNA was analyzed from a variety of human

3 i

2 •

y=0.136+0.107x-0.002x2 r=0.52

10 20 30 40

Gestational Weeks

Fig. 5. Human PL mRNA as a Function of Gestational Weeks
The amounts of hPL mRNA were determined by dot blot

analysis and were expressed as arbitrary units. The best fit
line between the amounts of hPL mRNA and gestational weeks
were drawn by polynominal regression analysis.

tissues such as fibroblast, fetal adrenal gland, adult
adrenal gland, fetal liver and A-431 carcinoma cells.
Our data show that two distinct mRNA species (5.3 kb
and 3.7 kb) hybridizing with LDL receptor cDNA are
present in human placenta. Considering the high strin-
gency of washing, it is unlikely that 3.7 kb mRNA is
nonspecific.

According to the nucleotide sequence of LDL recep-
tor cDNA reported by Yamamoto et al. (17), it contains
Alu sequences which are frequently present in interven-
ing sequences and removed by splicing during mRNA
processing (18). The Alu repeats are flanked by se-
quences similar, but not identical, to the consensus
sequence for the splicing donor site 5'-A

cAGGTA
GAGT-

3' and for the acceptor site 5'-PyPyPyPyPyPy-
XCAGGG

T-3' (19). There are four potential 5'-donor
sites before the Alu repeats and four potential 3'-
acceptor sites after the Alu repeats. Thus, the differ-
ential usage of splicing sites may give rise to the smaller
LDL receptor mRNA. Also, there are three candidate
regions for a polyadenylation signal according to the
cDNA sequence. The first AATAAA is at 4486-4491; it
is followed by an overlapping polyadenylation signal at
position 4490. The third AATTAAA is at 5065-5071,
which is considered to function as a polyadenylation
signal for human LDL receptor mRNA reported by
Yamamoto et al. (17). Thus, the first or the second
AATAAA may serve as a polyadenylation signal. This
could generate an mRNA species of about 4.7 kb but
not the 3.7 kb mRNA. Thus, alternative splicing is the
most probable cause for the production of 3.7 kb
mRNA. Further studies are required to elucidate the
mechanisms that give rise to two kinds of LDL receptor
mRNAs in human placenta and their functional signifi-
cance.

The amount of 5.3 kb mRNA was much greater than
that of 3.7 kb mRNA throughout pregnancy and the
amount of the latter remained unchanged (Table 1).
Thus, the changes in the amount of LDL receptor
mRNA observed in dot blot analysis primarily reflect
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changes in the amount of 5.3 kb mRNA. Although we
did not assess the translatable levels of mRNA or
determine the receptor protein, Ma et al. (14) reported
that the estradiol-mediated increase in LDL receptor
mRNA correlated with an increase in receptor protein
synthesis in rabbit liver. Thus, the change in the level
of LDL receptor mRNA we observe here may reflect a
change in the synthesis of LDL receptor protein in
human placenta.

Expression of LDL receptor gene was highest in the
first trimester. Cholesterol is a structural component of
the plasma membranes in all mammalian cells and it is
absolutely essential for cell growth and survival (20).
Certain malignant cells have been shown to have
greater LDL receptor activity than the corresponding
normal cells (21, 22). The growth rate of placenta is
extremely high. It seems likely that the high level of LDL
receptor gene expression enables the trophoblast in
the first trimester to acquire cholesterol for cell growth.

Expression of /3-actin gene was also highest in the
first trimester. It is known that the mammalian actin
mRNA levels increase during cell growth and differen-
tiation in vitro (23, 24). The human placenta continues
to grow and differentiate during pregnancy. Progeny of
mitotically active mononucleated cytotrophoblasts fuse
to form the mitotically inactive syncytiotrophoblasts
(25-27). The ratio of cytotrophoblast to syncytiotro-
phoblast decreases progressively until the syncytial
layer is the dominant trophoblastic component at term.
It is likely that the high level of LDL receptor and /3-actin
gene expression in early gestation are related to the
growth and the differentiation of the trophoblast.

Since both LDL receptor and /3-actin mRNA de-
creased during pregnancy, the total RNA recovery per
gram of tissue was calculated. It also decreased linearly
during pregnancy. The recovery from the term placen-
tae was two thirds of that from placentae in early
gestation (Fig. 1). These results may suggest that 1)
mitotically inactive syncytiotrophoblasts may have non-
specifically less RNA synthesis or more degradation
than cytotrophoblasts or 2) RNA recovery from the
placentae of late gestation may be poorer because of
the increased connective tissues. However, the in-
crease in hPL mRNA from first to second trimester
indicates that the decrease in LDL receptor and /3-actin
mRNA may be regulated in a specific manner. The
mechanism involved in the regulation of the expression
of these genes remains to be elucidated.

In summary, Northern blot analysis showed that two
mRNA species in human placenta hybridized with the
LDL receptor cDNA corresponding to a size of approx-
imately 5.3 kb and 3.7 kb. The expression of the longer
mRNA was greater than that of the shorter mRNA. The
amount of LDL receptor mRNA in the total RNA in
placenta was most abundant in the first trimester and
decreased during pregnancy. Our data suggest that
large amount of LDL receptor mRNA in early stage of
gestation is related to the requirement of much choles-
terol as a component of cell membranes for trophoblas-
tic growth.

MATERIALS AND METHODS

Tissues

Placental tissues of 5-40 weeks gestation were obtained by
therapeutic abortion, elective cesarean section, or sponta-
neous vaginal delivery. Decidual tissues and vessels were
carefully removed by scissors. Villous portion was extensively
rinsed in saline to remove the blood, immediately frozen in
liquid nitrogen, and kept at -80 C until RNA extraction.

Preparation of RNA

Frozen tissues (approximately 2 g) were pulverized and ho-
mogenized in a solution containing 4 M guanidinium thiocya-
nate, 25 mM sodium citrate (pH 7.0), 0.5% sarcosyl, and 0.1
M 2-mercaptoethanol using a glass-Teflon homogenizer. RNA
was precipitated by isopropanol and washed with 75% ethanol
(28). Poly(A)+ RNA was purified by affinity chromatography
using oligo(dT) cellulose (29). Amounts of RNA were deter-
mined by optical density at 260 nm. Recovery of poly(A)+ RNA
from total RNA was approximately 2%.

Northern Blot Analysis

Five micrograms of poly(A)+ RNA were denatured in 0.01 M
phosphate buffer (pH 7.0) with 1 M glyoxal and fractionated
by electrophoresis through 0.8% agarose gel. Then poly(A)+

RNA was transferred onto nylon membranes (Gene Screen
Plus, New England Nuclear, Boston, MA). The blots were
immersed in a 50 mM NaOH solution for 15 sec to reverse the
glyoxal reaction, placed into a solution of 1 x SSC (150 mM
NaCI and 15 mM sodium citrate), 0.2 M HCI, pH 7.5, and
incubated for 30 sec.

The blots were prehybridized in a solution containing 5x
SSPE (900 mM NaCI, 5 mM EDTA, 50 mM sodium phosphate,
pH 8.3), 5x Denhardt's solution (0.1% Ficoll (400,000 mol wt),
0.1% polyvinylpyrrolidone (360,000 mol wt), 0.1% BSA), 1.0%
sodium dodecyl sulfate (SDS), herring sperm DNA (0.1 Mg/mL)
(Boehringer Mannheim Yamanouchi, Tokyo, Japan), and 50%
formamide.

Human LDL receptor cDNA corresponding to nucleotides
718-2544 was used as a probe. The cDNA was a part of
coding region which did not contain Alu sequence. The probe
was labeled with [32P]dCTP (New England Nuclear, Boston,
MA) using random primed DNA labeling kit (Boehringer Mann-
heim Yamanouchi, Tokyo, Japan) (30). The hybridization was
performed at 42 C for 20 h in a solution containing 5x SSPE,
5x Denhardt's solution, 1% SDS, herring sperm DNA (0.1 ng/
ml), 50% formamide, and the labeled probe. The blots were
washed at room temperature twice for 5 min in 2x SSC, then
at 65 C twice for 30 min in 2x SSC, 1% SDS, and at room
temperature twice for 30 min in 0.1 x SSC.

The membranes were exposed to Kodak X-AR film at -80
C. After the LDL receptor probe was washed off, the blot was
autoradiographed to show that no radioactivity remained be-
fore probing with /3-actin. The washing was repeated and the
blot was reprobed with 32P-labeled hGH cDNA.

Densitometric analysis of the autoradiogram was performed
by using image analyzer Model: TIB-100 (Immunomedica,
Shizuoka, Japan).

RNA Dot Analysis

RNA samples (50 nQ total RNA) were denatured in 20%
formaldehyde and 6x SSC at 50 C for 15 min and serially
diluted with 10x SSC. The diluted RNAs were spotted onto
Gene Screen Plus membranes using a 96-well Minifold device
(Schleicher & Schuell, Keene, NH). The membranes were
baked in vacuo for 2 h at 80 C. Hybridization, autoradiography,
and densitometric analysis were performed in the same man-
ner as described above.
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