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Abstract

Background: This in vitro study deals with the effect of a combination oral contraceptive steroid — desogestrel and ethinyl estradiol — on
the expression of low-density lipoprotein receptor (LDLR) and its transcription factor (SREBP2) in assessing the functional effectiveness of
the LDLR.
Study design: Differentiated primary placental trophoblast cells isolated from term human placentae and cells from Jar cell line were used
for the study. Low-density lipoprotein receptor and SREBP2 expressions were assessed by immunocytochemistry and immunoblot assays
with and without combination contraceptive steroid challenge. Functional activity of LDLR was studied by rating the profile of cellular
uptake of fluorescent Dil-LDL (1,1′-dioctadecyl-3,3,3′,3′-tetramethylindocarbocyanin perchlorate-LDL). Quantitation of Dil-LDL was
done spectrofluorometrically.
Results: Variation of concentration(s) of either of the components of a combination preparation (desogestrel and ethinyl estradiol) showed a
comparable change in the expressions of LDLR and SREBP2 to attain their optimal levels. Maximum expression and a significant functional
effectiveness were observed at a unique combination of desogestrel (20 ng/mL) and ethinyl estradiol (10 ng/mL).
Conclusion: The stimulatory effect of a combination contraceptive steroid on LDLR expression is an associated phenomenon of the
contraceptive-mediated stimulation of SREBP2 expression.
© 2011 Elsevier Inc. All rights reserved.
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1. Introduction

Estrogen(s) and progestogen(s) are known to have
antagonistic effects on lipid metabolism [1–3]. Their
combination is demonstrated here in the formulation of an
oral contraceptive (OC). The third-generation OCs in
combination with less androgenic derivative of progestogen,
viz., desogestrel, have shown a prodigious impact as well as
therapeutic controversy regarding lowering the possibilities
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of coronary heart disease [4,5]. One of the major causes of
heart attack is hyperlipoproteinemia, which results from
inadequate clearance of low-density lipoprotein (LDL) from
blood vessels mainly by LDL receptors (LDLRs) [6–8] in
association with other scavenger receptor(s) [9–11]. It is
well known that LDLR is one of the most widely distributed
cellular endocytic receptor [12–14] for lowering LDL
concentration in blood vessels. A previous report from our
laboratory [15] had shown that a combination of desogestrel
(20 ng/mL medium) and ethinyl estradiol (EE, 10 ng/mL
medium) maintained the LDLR at much higher than normal
levels of expression and functioning mode in placental cells.
It has been shown by Brown and Goldstein [16] and Shea-
Eaton et al. [17] that the expression of LDLR is maintained
by the SREBP2 (sterol regulatory element binding protein),
a transcription factor for LDLR gene-mediated feedback
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regulation. It is not known whether the effect of
combination OC on LDLR is also guided by the same
SREBP2 modulated signaling mechanism or is a completely
independent phenomenon.

Among the extrahepatic tissues, LDLR is found to be
abundant in steroidogenic organs and in the placenta. In
the placenta, more localization of LDLR is found in
trophoblast cells. Since direct evidence regarding human
tissue cells can be obtained by evaluating LDLR
expression in human placental cells, trophoblast cells
from human placenta (placenta is obtained as a rejected
tissue after delivery) have been considered for the present
study. A placental trophoblast cell line, JAR (ATCC HTB-
144), is also used for comparison. Different concentrations
of components in the combination OC (desogestrel+EE)
have been utilized in the present study to see their effects
on the expression of LDLR and its transcription regulatory
protein SREBP2.
2. Materials and methods

2.1. Chemicals

Cerazette (0.075 mg desogestrel tablet) and Lynoral
(0.01 mg EE tablet) were obtained from Organon (India)
Limited, Kolkata, India. DMEM/F-12 Nutrient Mixture was
obtained from GibcoBRL, New York, NY, USA. Fetal calf
serum (FCS), antibiotic antimycotic solution (100×), acryl-
amide/bis-acrylamide and HEPES were purchased from
Sigma Chemical Co., St. Louis, MO, USA. Low-density
lipoprotein receptor goat polyclonal primary antibody (N-17,
sc-11822, epitope at the N-terminus of LDLR of human
origin) was obtained from Biotechnology Inc., Santa Cruz,
CA, USA. Anti-goat HRP-conjugated secondary antibody
and nitrocellulose membrane were purchased from Geno-
tech, St. Louis, MO, USA. FemtoLUCENT detection kit was
purchased from Biotechnology Inc., Santa Cruz, CA, USA.
DAB (peroxidase substrate kit) and R.T.U. Vectastain
universal quick kits (streptavidin/peroxidase complex and
biotinylated pan-specific antibody) were procured from
Vector Laboratories, Inc., Burlingame, CA, USA. Plastic
wares for cell culture were from Becton Dickinson Labware,
Bedford, MA, USA. All other chemicals used were of
analytical reagent grade.

2.2. Cell line culture

JAR cells were obtained from the repository of the
National Centre for Cell Science, NCCS Complex, Univer-
sity of Pune Campus, Ganesh Khind, Pune, India. Cells were
grown in RPMI 1640 medium with L-glutamine (GibcoBRL)
containing NaHCO3 (2 g/L) and 10% FCS (vol/vol).
Penicillin (100 U/mL), streptomycin (100 mcg/mL) and
amphotericin B (250 ng/mL) were included in the cell
cultures. The cells were initially grown at 37°C in an
atmosphere of 95% air and 5% CO2 on 25-cm2 flasks and
then seeded in 90-mm dishes in the same environment of
temperature and gassing for the following studies.

2.3. Primary culture of trophoblast cells from
human placenta

Discarded human term placentas were obtained from
uncomplicated vaginal delivery or from cesarean section at
the Department of Obstetrics and Gynaecology, All India
Institute of Medical Sciences, New Delhi, after institutional
ethics approval. The placentae were transported to the
laboratory in sterile normal saline within 30 min of
delivery. Approximately 30–40 g of saline-washed villous
tissue was processed aseptically for isolation of trophoblast
cells. In brief, the tissue was minced, transferred to a
digestion flask containing 150 mL of warm calcium- and
magnesium-free Hank's balanced salt solution (CMF-
HBSS) with 26 mM HEPES, 0.125% trypsin 1:250 and
0.2 mg/mL DNase I (150K U/mg), pH 7.4, and incubated in
an orbital shaking water bath at 37° for 30 min. The top
liquid was decanted, and the remaining placental tissue was
subjected to the same digestion procedure. This process was
repeated thrice and the pooled digest (liquid part from three
digestions) was centrifuged at 1000×g for 10 min at room
temperature in 50-mL polystyrene centrifuge tube(s) by
layering 45 mL of the digest over 5 mL of FCS in each
tube. The resultant pellet(s) (isolated cells) was resuspended
in 5 mL DMEM/F-12 nutrient medium and kept at room
temperature (Sol-A). A Percoll solution (Sol-B) was
prepared by mixing nine parts of Percoll Stock (Sigma)
with one part of 10× HBSS. The Sol-B was used to develop
a continuous gradient (70% to 5%) in 1× CMF-HBSS in
50-mL conical polystyrene centrifuge tube. The cell
suspension (Sol-A) was subjected to density gradient
centrifugation at 1200×g in room temperature for 20 min
by carefully layering upon the Percoll density gradient
column. Following centrifugation, the middle layer of
the gradient was found to contain a relatively uniform
population of mononuclear cells. The fraction corresponding
to the density of 1.048–1.062 containing approximately 98%
pure population of cytotrophoblast cells [18] was carefully
aspirated out and washed once again with DMEM/F-12
nutrient medium.

Percoll purified trophoblast cells were diluted to a
concentration of 106 cells/mL with DMEM/F-12 nutrient
medium containing 10% FCS and antibiotic concentration
as mentioned above. The cells were then plated on 1%
gelatin/poly-L-lysine-coated cover slips placed in wells of a
12-well plate and maintained at 37°C in a humidified
atmosphere. One set of Percoll purified cells was
maintained for not more than 6 h in culture, which served
as undifferentiated control cells, i.e., native cytotrophoblast.
The other set of cytotrophoblast cells in culture was
maintained for 36 h until they differentiated towards an
extravillous anchoring phenotype, i.e., mature syncytiotro-
phoblast cells. Following this, both sets of plates were
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washed with fresh medium to remove the nonadherent cells
and processed for immunocytochemical studies.

2.4. Contraceptives

Desogestrel and EE pills were crushed and then dissolved
separately in minimal quantity of 50% ethanol (vol/vol). The
concentration of desogestrel in the stock preparation was
determined by measuring absorption at 250 nm and
comparing the result against a standard curve made from
absorption maxima of various concentrations of medroxy-
progesterone at 250 nm. Concentration of EE (absorption
maxima at 280 nm) was also obtained in the same way by
comparing with the standard curve of β-estradiol at 280 nm.
Working stock dilution to the respective concentrations was
prepared in medium which was then used directly in the
culture medium to acquire the required contraceptive
concentration. Control cells received only a medium having
equivalent concentration of ethanol-vehicle.

Based on previously published work from our lab [15],
the concentration limit of the component contraceptives used
in the medium was 20 ng/mL of desogestrel and 10 ng/mL of
EE, which correlates with the adult human dose of 0.1 mg
desogestrel and 0.05 mg EE in OC pills. This dose was
determined considering an average total 5 L blood volume in
an adult human.

A dose of 0.1 to 0.15 mg desogestrel has been used as
progestogen component in certain OC pills. An amount of
0.05 mg of EE has been used in some of their OC
preparation. The mean relative bioavailabilities, in blood,
of desogestrel (measured as 3-keto-desogestrel, the active
metabolite of desogestrel) and EE from the combination
tablet were found to be 100% and 93%, respectively [19].

2.5. Steroid challenge

2.5.1. Trophoblast cells
The cells were cultured on a 12-mm cover glass coated

with 1 mg/mL solution of poly-L-lysine. The lysine-coated
cover glasses were placed under medium in the wells of a
12-well plate. The initial number of cells added was
5×105 cells/mL medium. These cells were allowed to grow
for 36 h and then incubated with fresh serum-free F-12
medium with and without contraceptives. The specific doses
of contraceptives in the medium were decided on the basis of
the prevalent human dose used in 5 L blood volume. An
equal volume of 50% ethanol in the medium was used
corresponding to each dose of contraceptive as control. The
cells were incubated at 37°C for 2 h on a rocker platform,
following which they were washed with fresh medium and
subjected to the following experimental analysis.

2.5.2. Placental JAR cell
JAR cells were grown to about 70% confluence in 90-mm

Petri plates, following which the contraceptive challenge was
given in serum-free medium and cells incubated for 2 h at
37oC on a rocker platform. Following this, the cells were
washed, collected and lysed. The lysate was used for
subsequent Western blot analysis.

2.6. Preparation of JAR cell lysate

The cells from each plate were lysed by strong vortexing
in 100 μL of lysis buffer containing 50 mM Tris–HCl (pH
7.4), 300 mM NaCl, 0.5% (vol/vol) Triton X-100, 5 mM
EDTAwith 2mMPMSF, 10mcg/mL leupeptin and 10U/mL
aprotinin. The lysed suspension was kept on ice for 30 min
and then spun at 10,000×g for 15 min at 4°C. The supernatant
was collected, and protein content was determined.

2.7. Immunocytochemistry

Trophoblast cells were cultured on 12-mm microscopic
cover glass slips flooded with medium in a 12-well plate,
following which they were incubated with different doses of
contraceptives in DMEM/F-12 medium for 2 h at 37°C on a
rocker platform. The cells were then washed with 10 mM
phosphate-buffered saline (PBS) and fixed in chilled acetone
at 4°C for 10 min. Following this, they were treated with 4%
H2O2 in methanol for 30 min at room temperature; this
inhibited endogenous peroxidase activity. The cells were
rinsed in 10 mM PBS containing 0.01% Triton-X (PBST) for
5 min. Nonspecific binding was blocked using 1% bovine
serum albumin (BSA) in PBS for 1 h at room temperature.
Three washes with PBST were repeated. This was followed
by 2-h incubation with primary antibody against LDLR or
SREBP-2 at a dilution of 1:25 in 10 mM PBS. The cells were
washed thrice in PBST followed by incubation with specific
biotinylated secondary antibody for 1 h at room temperature.
The cells were then incubated for 1 h with avidin-HRP after a
prewash in PBST and then treated with DAB substrate
(0.06% DAB, 50 mM Tris–HCl, pH 7.6, 1% H2O2) for 2–
3 min at room temperature. Finally, cover glasses were
rinsed in distilled water and counterstained with Mayer's
hematoxylin for about 1 min; excess stain was rinsed with
water, air dried, dehydrated in xylene for 5 min and mounted
on a DPX mountant. Photographs were taken after observa-
tion at 20× magnification by a CoolSNAP-Procf color digital
camera attached to an Olympus U-CMAD3 microscope. An
image analysis system was used to see the integrated optical
density (IOD) of the stained cells. A minimum of 50–
300 cells were analyzed by the image analyzer. The image
analysis system consisted of a research microscope (BX50;
Olympus, Tokyo, Japan), 10-bit digital camera (Xilix
Correco, Canada), image grabber card (F-64, Cerreco
Corp., Quebec, Canada) and a personal computer (P-III;
Digital Corp., CA, USA). The image analysis software used
was Optimas 5.2 (Optimas Corp., CA, USA).

2.8. Sodium dodecyl sulfate-polyacrylamide gel
electrophoresis and immunoblotting

Electrophoresis was carried out on 10% polyacrylamide
gels (1.5 mm thick), overlaid by a 4% stacking gel in sodium
dodecyl sulfate according to the standard procedure of
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Laemmli [20]. The proteins were transferred onto nitrocel-
lulose membranes [21]. The membranes were incubated with
blocking buffer [5% Blot-Quick blocking power (Genotech)
in 10 mM PBS containing 0.05% Tween-20] for 2 h at room
temperature on a shaker. The membrane was then washed
thrice in 10 mM PBS–0.1% Tween-20 for 10 min each.
Anti-LDLR polyclonal primary antibody [Santa Cruz
Biotechnology, Inc., N-17, sc-11822] was added at a dilution
of 1:1000 and kept for 2 h at room temperature on a shaker.
The wash was repeated, and rabbit-antigoat-HRP-conjugated
polyclonal secondary antibody (Bangalore Genei, India) was
then added at 1:10,000 dilution and kept for 2 h at room
temperature followed by three washes in PBS–Tween buffer.
The blot was then developed by the femtoLUCENT
detection kit (Santa Cruz, CA, USA). Protein expression
was evaluated by determining the intensity of darkness of
protein bands by a densitometer (Alpha Imager EC Gel Doc
System, CA, USA) using Alpha Imager software.

2.9. Isolation of LDL

Low-density lipoprotein was isolated from human
plasma by NaCl-KBr density gradient centrifugation
according to Havel et al. [22]. Low-density lipoprotein
was dialyzed in 10 mM PBS at 4°C before use. Human
plasma used for isolating LDL was freshly collected from
human blood obtained from the Blood Bank-Main Hospital
of All India Institute of Medical Sciences maintaining the
ethics of the institute body.

2.10. Fluorescent (Dil) labeling of LDL

Low-density lipoprotein was mixed with Dil [30 mg of
Dil (1,1′-dioctadecyl-3,3,3′,3′-tetramethylindocarbocyanin
perchlorate) in DMSO stock solution] in a ratio of 1 mg
Dil for 100 mg LDL protein in the dark. This mixture was
incubated at 37°C for 18 h. Following incubation, its density
was raised from 1.006 to 1.063 by addition of NaCl–KBr salt
solution as shown by Havel et al. [22]. This sample was then
loaded into the tubes and layered with the equivalent-density
salt solution and centrifuged at 105,000×g for 22 h at 15°C.
The labeled LDL fraction that appeared at the top of the tube
was collected and dialyzed similarly as shown by Havel et al.
[22]. The Dil-LDL was then quantified based on total protein
estimated by Bradford's method [23]. After protein estima-
tion, the Dil-LDL sample was diluted in saline to 100, 500
and 1000 ng/mL. One milliliter of isopropanol was added to
each of them and mixed thoroughly. The isopropanol
fraction was then used for estimating the quantity of
incorporated Dil by measuring the absorbance in a
spectrofluorometer with the excitation and emission wave-
lengths set at 520 and 574 nm, respectively. One hundred
nanograms per milliliter Dil in isopropanol was used as
standard and isopropanol as blank. All samples were taken in
duplicates, and the readings were used to estimate the
amount of Dil/mg of LDL protein [24].
2.11. Dil-LDL uptake study

To meet sufficient cell numbers, which are not possible to
get from primary placental cell culture, the uptake study
using Dil-LDL was carried out on JAR cells seeded in the
wells of standard 12-well culture plates at cell density of
2×105 cells/well. The cells were incubated with varying
concentrations of Dil-LDL (one concentration in one well
and in triplicate) at 37°C for 5 h. After 5 h, the externally
adhered LDL on the surface of the cells was removed by
treating cells with dextran sulfate buffer (50 mM NaCl,
10 mM HEPES, 10 mg/mL dextran sulphate) for 1 h at 4°C.
Then medium was removed. After washing the cells with
physiological saline, isopropanol (95%) was added and
incubated for 15 min at room temperature. The isopropanol
was collected and centrifuged at 5000×g for 10 min at room
temperature. The supernatant was used to quantify Dil
fluorometrically as above.

2.12. Protein estimation

Protein estimation was done by the Bradford method [23]
using BSA as the standard.

2.13. Study design

The whole study was done in two groups. In one group,
primary placental trophoblast cell culture was used for
study. This primary culture was developed from placentae
obtained from different human donors. On the other hand, a
stable placental trophoblast cell line was used to compare
the data obtained from primary cultures. This comparison
reflected the consistency of the result obtained by the use of
combination OC.
3. Results

3.1. Expression of LDLR and SREBP2 by placental
trophoblast cells in primary culture

Primary trophoblast cell culture was prepared by
isolating cells from freshly obtained human placental tissue
and culturing them in DMEM/F12 growth medium. These
cells underwent differentiation in culture medium after 36 h
from initial plating time. Therefore, the profile of expres-
sions of LDLR and its transcription factor SREBP2 was
checked in undifferentiated and differentiated placental
trophoblast cells. The baseline expression was examined in
the absence of any steroid component of the OC used for
the study, and controls were made using the vehicle (50%
ethanol) instead of any primary antibody. The quantitative
measure of the expression profile was carried out by
estimating the IOD (see Material and Methods) value of the
DAB-conjugated brown-colored ligand–antibody complex
obtained by immunocytogram. A minimum of 50 cells were
analyzed by image analysis software from each experimen-
tal batch, and standard division was calculated from the
results of 3 to 5 such experiments. Since it was not possible
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to get primary culture for all our experiments from cells
isolated only from one placenta, cells were isolated time to
time from placentae available from different subjects and
each time fresh culture was prepared for experiments. Since
cells from different placentae were not exactly identical,
morphological changes exist in cells from one to another
experiment. Our results showed that postdifferentiated cells
expressed more LDLRs as compared to undifferentiated
cells (Fig. 1A). Our previous report [15] showed a
profoundly higher expression of LDLR by 20 ng/mL of
desogestrel in combination with 10 ng of EE/mL medium.
Using the same combination OC mix here, the present
study also showed higher LDLR expression and compar-
atively more with postdifferentiated cells than undifferen-
tiated ones (Fig. 1B).

Since feedback regulation of LDLR expression is
maintained by the endoplasmic reticulum-mediated tran-
scription factor SREBP2 [16], we compared the expression
levels of LDLR and SREBP2 in differentiated primary
placental trophoblast cells by evaluating the IOD value
obtained for respective stained protein in immunocyto-
gram. Fig. 1C shows that the increased expressions of
SREBP2 in differentiated cells by the combination OC,
used per mL medium, were comparable with those of
LDLR found in differentiated cells in the presence of
combination OC (Fig. 1B). This result supports the earlier
report that expression of LDLR is a posttranslational
phenomenon of SREBP2 [16,25,26], and it is a unique
feature even when LDLR is stimulated by the steroid
components of combination OCs.

3.2. Expression of LDLR and SREBP2 by cells from JAR
cell line culture

As primary cultures were not developed from cells of a
single placental origin and since each placenta was obtained
from a different donor, multifactorial (heredity, age, stress,
diet, etc.) variations could not be ruled out to influence gene
expression. At least a change in cellular morphology was
reflected in the above immunocytograms.

In order to avoid such anomalies, we verified the above
results with a stable placental trophoblast cell line (JAR
cell line) culture (Fig. 2A, B). Here we examined the
effects of variation of component steroid concentrations in
the combination OC on the expressions of LDLR and
SREBP2 by immunoblot assay. Like before, here also we
found a parallel change in the expression profile between
LDLR and SREBP2. In Fig. 2A, desogestrel concentration
was kept constant at 20 ng/mL, and EE concentration was
Fig. 1. Immunocytochemistry. Expressions of LDLR and SREBP2 were compare
LDLR by primary placental trophoblast cell culture: shows higher expression of
placental trophoblast cell culture incubated with combination OC: shows more stim
Expression of SREBP2 by differentiated primary placental trophoblast cell culture
combination OC with differentiated cells. The expressions of LDLR and SREBP2 w
cells by the image analysis software of each category.
varied from 0 to 10 ng/mL. In Fig. 2B, EE was kept
constant at 10 ng/mL, and desogestrel was varied from 0
to 20 ng/mL. In both cases, the densitometry showed that
the change of expression of LDLR maintained a similar
trend with that of SREBP2 and attained the maximum
peak at the ratio of 20 ng/mL desogestrel to 10 ng EE/mL
medium. The consistency of results was determined from
the significant statistical evaluation of data obtained by
three repeated experiments. This again showed that the
increased expression of transcription factor SREBP2
extends a parallel effect in the expression of LDLR on
cell surface.

3.3. Dil-LDL uptake by placental cells

Since enough cells were not available in primary cultures
to carry out LDL-uptake study at several LDL concentrations
in the medium, the placental trophoblast cell line (JAR) was
used for this purpose. Utilization of extracellular LDL by
placental trophoblast cells from JAR cell line culture was
observed in the presence and absence of the combination
OC. Low-density lipoprotein was labeled with fluorescent
dye Dil, a probe to detect the internalized LDL within the
cell. Our results from three consecutive studies (Fig. 3)
showed more clearance of extracellular LDL by LDLR
with the combination OC (20 ng desogestrel/mL with
10 ng EE/mL medium) as compared to the case with no OC,
and the enhanced activity of LDLR was also statistically
significant. This explains the fact that highly expressed
LDLRs in combination OC-treated cells also enhanced their
functional ability to clear more extracellular LDL particles
as compared to untreated cells.
4. Discussion

After almost 15 years of use in clinical practice, side
effects of OCs were detected among the users in the years of
1975–1982 [27–31]. Besides many others, cardiovascular
abnormalities having vascular thrombosis, viz., arterial and
venous thromboembolism, along with myocardial infarction
were the major ones. To eliminate such probabilities,
several trials were undertaken in the following years by
changing the component steroids and their doses (estrogen
and progestogen components). These trials developed the
second-generation OC with lesser steroid components and
then the third generation by using less androgenic
derivatives of progestogen in addition to low concentration
of component steroids in the OC composition [32–34]. In
our previous report [15], we showed that the combination of
d in primary placental (human) trophoblast cell culture. (A) Expression of
LDLR in differentiated cells. (B) Expression of LDL receptor by primary
ulation of LDLR expression in differentiated cells by combination OC. (C)
[incubated with and without OC]: an increased expression of SREBP2 by
ere evaluated from mean IOD±SD of cells after analyzing a minimum of 50



166 A. Arjuman et al. / Contraception 84 (2011) 160–168
20 ng desogestrel with 10 ng EE had a potential of keeping
LDLRs in the mode of high expression and functional
effectiveness. Although it is known that saturation of cells
Fig. 3. Dil-LDL uptake assay. Assay was performed on JAR cells with and
without combination OC. Dil-LDL uptake was estimated fluorometrically.
x-axis: increasing concentration of Dil-LDL in incubation medium. y-axis:
net uptake of Dil-LDL by cells from the medium. Amount (ng/mL) of uptake
was calculated from the estimated fluorescence of the Dil internalized into
the cells. All values are mean±SD (triplicate at each concentration).
Statistical analysis by Student's unpaired t test. ⁎pb.01.
with steroid decreases LDLR expression [16], estrogen as a
mitogen may also enhance LDLR expression in its own limit
[15]. After many trials in our previous study [15], we
compromised the concentration of the progestogen and
estradiol concentrations in 5 L volume (approximate adult
blood volume) to 0.1 mg desogestrel (66% less of 0.15 mg;
the upper limit used in third-generation OC) and 0.05 mg EE
(66% more of 0.03 mg; the upper limit used in third-
generation OC) to maintain LDLRs at both higher expression
and functionally maximal state. The concentration of
combination OC per 1 mL medium (20 ng desogestrel+10
ng EE) used in this study was equivalent to the above
combination calculated for 5 L blood volume. Low-density
lipoprotein receptors are the well-known cholesterol-clearing
proteins present on the surface of all cells except RBC and are
engaged in clearing extracellular cholesterol by the mecha-
nism called endocytosis. Since the concentration of vessel
cholesterol is one of the determining factors in developing
vascular thrombosis, the extent of LDLR expression and its
functional ability play a critical role in controlling cardiac
disease and associated anomalies.

Although in our previous report [15] we claimed that the
combination OC (desogestrel+EE) could keep LDLR in a
highly expressed state and in super functional mode, we
Fig. 2. Immunoblot. Expression of LDLR and SREBP2 in JAR cells with
change of concentration of component contraceptives. Densitometry of the
bands was performed and % IDV (integrated density value) was calculated.
β-Actin was used as internal control (not shown). All values are mean±SD
(triplicate at each concentration). Statistical analysis by one-way analysis of
variance followed by Dunnett's multiple comparison. ⁎⁎pb.01. (A)
Desogestrel is constant at 20 ng/mL, and EE is varying from 0–10 ng/mL.
Ethinyl estradiol: A: 0 ng/mL, B: 1 ng/mL, C: 2.5 ng/mL, D: 5 ng/mL,
E: 10 ng/mL. (B) Ethinyl estradiol is constant at 10 ng/mL, and
desogestrel is varying from 0 to 20 ng/mL. Desogestrel: A: 0 ng/mL, B:
5 ng/mL, C: 10 ng/mL, D: 15 ng/mL, E: 20 ng/mL.

image of Fig. 3
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could not provide any reason behind it. Previous reports
from Brown and Goldstein [6,8,16] and other laboratories
[35,36] have confirmed that the transcription of LDLR is
regulated by intracellular cholesterol saturation as well as
by transcription factor SREBP2 [37,38]. Therefore, our aim
in this study was to see whether there was any relation
between OC-induced expression of LDLR and SREBP2.
We examined this phenomenon by taking placental
trophoblast cells from two different origins — the
differentiated primary culture from human placenta and a
stable cell line (JAR) culture.

We have explored different concentrations of components
in the combination OC (desogestrel+EE) to see their effects
on the expression of LDLR and its transcription regulatory
protein SREBP2. The present study has reconfirmed our
previous report [15] that a combination of 20 ng desogestrel
and 10 ng EE per mL medium presents maximum LDLR
expression on placental trophoblast cell. The stimulation of
LDLR by OC has also been supported by the profile of
SREBP2 expression. Similar effect may be expected with
other tissue cells, but intracellular saturation by sterol
components over a period of time might have an inhibitory
effect on LDLR expression as was shown in our previous
report [15,39] and elsewhere [8].

The differentiated trophoblast cells in the primary culture
from human placenta showed comparatively more LDLR
expression as compared to undifferentiated cells. Therefore,
the differentiated cells were used to compare the effect of the
combination OC on LDLR and SREBP2. It was found that
the combination OC steroids having 20 ng of desogestrel and
10 ng of EE kicked the expression of LDLR and SREBP2 to
a much higher level, and the changes of their expression
profile were comparable with all contraceptive steroid
combinations. Since it was already known that activated
SREBP2 [40,41] was responsible for transcribing LDLR,
more expression of SREBP2 was expected to provide more
activated protein to transcribe more LDLR. Eventually, this
was the effect we found in this study that the combination
OC induced parallel increase in the expressions of SREBP2
and LDLR by the differentiated placental trophoblast cells
from human origin.

Since the primary cultures from time to time were made
with placentae obtained from different donors and as the
chances of variations are expected from one culture to
another because they were made from different sources, we
rechecked the above phenomenon with cells obtained from
a stable placental trophoblast cell line culture (JAR cell
line). In a similar study with JAR cell line by Western blot,
i.e., keeping one contraceptive steroid concentration
constant and to vary the other, comparable results were
obtained in the expression profiles of LDLR and SREBP2.
In both cases, the expressions of LDLR and SREBP2 were
compared, and it was found that there were similar trends in
changing the expression profile of both entities with the
changes in concentration of steroid components of the
combination OC. Thus, the results from primary placental
trophoblast cell culture and the culture of placental
trophoblast cell line (JAR) showed the consistency of the
same phenomenon — the combination OC steroids of
20 ng desogestrel and 10 ng EE stimulated both LDLR and
SREBP2 in comparable manner.

Finally, we were interested to see whether the combina-
tion-OC-stimulated highly expressed LDLR was also
efficient for faster clearance of extracellular LDL particles.
When we compared the profile of LDL uptake in the
presence and absence of the OC of interest, we found more
uptake of LDL (fluorogenic Dil-LDL was used for
quantitative estimation) from the medium in the presence
of combination OC only. The experiment was done with the
cells obtained from JAR cell culture.

Therefore, the outcome of the present study reveals that
the combination OC with a composition of 20 ng desogestrel
and 10 ng EE was responsible to maintain a high-profile
expression of LDLR through the stimulation of its
transcription factor SREBP2 and at the same time was able
to keep the receptors highly efficient in their functional
activity. Therefore, the combination of 20 ng desogestrel
with 10 ng EE in a combination OC plays a potential role on
plasma LDL clearance and hence may help in reducing
atherogenic exudation.
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