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OBJECTIVE—This study addressed the hypothesis that placen-
tal endothelial lipase (EL) expression is affected by pregnancies
complicated by obesity and gestational diabetes mellitus (GDM).

RESEARCH DESIGN AND METHODS—EL expression in
placental tissues from pregnancies complicated by obesity, GDM
or obesity combined with GDM (obese-GDM) was analyzed by
quantitative RT-PCR. Moreover, primary placental cells were
isolated and treated with insulin, glucose, leptin, or tumor ne-
crosis factor (TNF)-a and EL expression was measured. Inhibi-
tors of nuclear factor (NF)-kB or mitogen-activated protein
kinase (MAPK) signaling were used to detect potential pathways
of EL regulation in primary placental endothelial cells (ECs).

RESULTS—In placentas from obese-GDM pregnancies, EL
expression was upregulated by 1.9-fold (P, 0.05) compared with
lean pregnancies, whereas obesity or GDM alone had no signifi-
cant effect. Analyses of metabolic parameters in maternal venous
and umbilical venous plasma revealed significantly increased in-
sulin and leptin as well as slightly increased glucose and TNF-a
values in the obese and obese-GDM groups. Cell culture experi-
ments identified TNF-a and leptin, but not glucose or insulin, as
regulators of EL expression in ECs. Induction of EL expression
by these mediators occurred in a para/endocrine manner, since
only leptin and TNF-a receptors, but not the cytokines them-
selves, were expressed in ECs. Inhibitor experiments suggested
that TNF-a and leptin-mediated upregulation of EL may occur via
two different routes. Whereas TNF-a induced EL upregulation in
ECs by activation of the NF-kB pathway, leptin did not stimulate
NF-kB or MAPK signaling pathways in these cells.

CONCLUSIONS—Metabolic inflammation with high leptin and
locally increased TNF-a concentrations at the fetal-placental inter-
face regulates placental EL expression.

D
uring the last third of human gestation, not only
fetal growth rate but also fetal fat accretion rea-
ches its maximum. The rising fetal fat demand is
primarily covered by maternal fat depots, which

become available via enhanced lipolytic activity in mater-
nal adipose tissue, leading to the development of maternal/
gestational hyperlipidemia during the third trimester (1–3).

Mobilized lipids are transported to the placenta primarily
as lipoproteins. At the materno-placental interface, they
are either taken up as holoparticles by their respective li-
poprotein receptors (4–8) or undergo enzyme-dependent
hydrolysis. Triglyceride hydrolase activities were initially
detected in microvillous membrane preparations from
term placental villous tissue (9,10), but these activities
were, however, not attributed to specific lipases.

Subsequent studies suggested members of the triglyceride
lipase gene (TLG) family as putative candidate lipases ca-
pable of extracellular hydrolysis and release of lipoprotein-
associated fatty acids at the materno-placental interface.
Members of the TLG family cover a broad range of substrate
specificity, including triglyceride and phospholipase activity.
They are secreted glycoproteins that bind to heparan sulfate
proteoglycans on the surface of epithelial and endothelial
cells (11–13). Thus, close contact to passing lipoproteins
enables bridging between the cell surface and the lipo-
proteins. By their phospholipase and triglyceride lipase
activity, fatty acids are released from bridged lipoproteins
and are provided for cellular uptake.

TLG family members show considerable sequence ho-
mologies and conserved domains (14). Among the TLG
family, endothelial lipase (EL) and lipoprotein lipase (LPL)
were described in human placenta (14–16). Whereas LPL is
a triglyceride hydrolase, EL is primarily a phospholipase
with predominant phospholipase A1 activity and has a re-
stricted ability to release sn-2–bound unsaturated fatty acids
from phospholipids (17). In addition to its phospholipase
activity, EL is also capable of hydrolyzing triglycerides,
since the ratio of triglyceride lipase to phospholipase ac-
tivity of EL was determined as 0.65 (18).

Aberrant hydrolysis of maternal lipoprotein-borne lipids
at the materno-placental interface may be linked with
pregnancy pathologies, such as fetal growth restriction or
diabetes. Triglyceride hydrolase activity, measured in mi-
crovillous plasma membrane preparations at pH 8.0, was
decreased by 27% in fetal growth restriction cases, com-
pared with respective control preparations (19). Previous
quantitative mRNA expression analyses showed that both
EL and LPL expression was significantly dysregulated in
fetal growth restriction placentas at term (15,20). According
to that, LPL expression was significantly increased, whereas
EL expression was significantly downregulated in fetal
growth restriction placentas compared with control.

Dysregulated EL mRNA expression was also detected in
placentas from pregnancies complicated by type 1 diabetes
under suboptimal metabolic control (16). The pathophys-
iology of type 1 diabetes is different from obesity and
gestational diabetes mellitus (GDM). Insulin resistance is
one of the common features leading to maternal metabolic
oversupply. This result may affect placental lipid handling,
ultimately resulting in changes of fetal growth and fat ac-
cretion. Therefore, this study tested the hypothesis that
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GDM in obese mothers affects placental EL expression at
term of gestation.

RESEARCH DESIGN AND METHODS

Subjects and tissues. The protocol was approved by the hospital institutional
review board, and written informed consent was obtained from each subject
before study entry. Recruitment of lean (BMI ,25 kg/m2) and overweight or
obese (BMI .25 kg/m2) healthy women with a singleton term pregnancy took
place at the time of admission for elective cesarean delivery at term (37–40
weeks), with no clinical evidence of infection. Pregnancies complicated by
hypertension, preeclampsia, metabolic disease, steroid treatment, AIDS, alcohol
abuse, and/or drug abuse were excluded. Smoking was recorded. GDM was
defined as an abnormal glucose tolerance during the third trimester according
to the criteria defined by Carpenter and Coustan (21). All GDM subjects re-
quired dietary regimen or insulin therapy for glucose control. Maternal blood
was obtained on admission to labor and delivery, before placement of an in-
travenous line for hydration. Umbilical venous blood was drawn via syringe
from the double-clamped cord immediately after delivery of the placenta.
Plasma was separated by centrifugation and kept frozen at 220°C for glucose,
insulin, and cytokine assays. Insulin resistance was estimated using the ho-
meostasis model assessment–insulin resistance (HOMA-IR), i.e., fasting
plasma glucose 3 fasting plasma insulin/22.5 (22). Neonatal body composition
measurements were estimated using skinfolds and were obtained within 24 h
from delivery by one examiner experienced in technique (23). From a subset
of these pregnancies, placentas were collected for further studies. The subset
was randomly chosen from the study populations. Placentas were weighed
after trimming the umbilical cord and fetal membranes. Thereafter, pieces
(1 3 1 3 1 cm) of placental tissue were excised from areas in cotyledons free
of infarcts and calcifications. They were collected on ice and snap-frozen for
subsequent gene expression analysis. In addition, placental RNA from lean
GDM mothers was taken from archival material. Collection of placental tissue
and RNA isolation followed the same protocols as for the other groups.
Isolation of placental cells. Primary term trophoblasts (TTs) and endothelial
cells (ECs) were isolated from term placentas after healthy pregnancy and
vaginal delivery following standard protocols. Placental ECswere isolated from
term placentas after healthy pregnancy and vaginal delivery, as described
previously (24,25). All primary cell isolations were scrutinized for identity and
purity. TTs were used only at a purity of .98%; ECs were used at a purity of
.99% and only between passages 4 and 6 to avoid phenotypic drift.
Culture of isolated TTs and ECs. After isolation, TTs were cultured in
Dulbecco’s modified Eagle’s medium (Gibco, Paisley, U.K.) with 10% FCS
(vol/vol), 100 mg/mL streptomycin, and 100 IU/mL penicillin (Gibco). A repre-
sentative proportion of trophoblasts was characterized by immunohistochemistry
(24,26). ECs were cultured in endothelial basal medium (Clonetics; Cambrex,
Walkersville, MD) supplemented with the EGM-MV BulletKit (Clonetics). They
were cultured in 1% (vol/vol) gelatin-coated flasks or plates, respectively.
Purity was tested by staining for the classic endothelial marker, von Willebrand
factor, and for vimentin to identify cells of other origin. Primary cells were
cultured at 37°C in a humidified atmosphere containing 5% CO2 in air.
Culture of placental primary cells with insulin, glucose, leptin, tumor

necrosis factor (TNF)-a, BAY and UO126. TTs and ECs (50,000 cells per
well) were seeded in a gelatin (1%)-coated 12-well plate and cultured for 24 h in
their appropriate culturemedium. Thereafter, either insulin (10 nmol/L), D-glucose
(25 mmol/L), leptin (1 mg/mL), or tumor necrosis factor (TNF)-a (20 ng/mL)
was supplemented to the media, and cultures were run for another 24 h. For
dose-response experiments, cells were prepared the same way, but 1 day after
seeding, increasing concentrations of TNF-a (2 pg/mL, 2 ng/mL, and 20 ng/mL)
or leptin (50 ng/mL, 0.5 mg/mL, and 1 mg/mL) were added to the culture media.

For inhibitor experiments, ECs were serum-starved for 5 h before experi-
ment start and preincubated for 2 h with or without inhibitors of nuclear factor
(NF)-kB signaling (BAY 11–0782, 10 mmol/L; Calbiochem) or mitogen-activated
protein kinase (MAPK) signaling (UO126, 10 mmol/L; Calbiochem), respectively.
Preincubation was followed by treatment of ECs with leptin (1 mg/mL; Sigma,
St. Louis, MO), endotoxin-free TNF-a (20 ng/mL; Sigma), or vehicle control
(DMSO) for 24 h in the presence or absence of BAY, UO126, or vehicle alone.
Total RNA was isolated from cells with Tri Reagent (Molecular Research
Center, Cincinnati, OH) according to the manufacturer’s instructions. All
experiments were run in triplicate and repeated with five different cell prep-
arations.
Real-time RT-PCR. Total RNA from placental tissues and placental endo-
thelial cells was isolated with Tri Reagent (Molecular Research Center) as
described previously (15). Thereafter, RNA was reversely transcribed to
cDNA, using a High-Capacity cDNA Reverse Transcription Kit (Applied Bio-
systems, Foster City, CA) according to the manufacturer’s instructions. In
brief, 2 mg total RNA of each sample was mixed with the kit components in
a total reaction volume of 20 mL and incubated for 10 min at 25°C, 120 min at

37°C, and 5 s at 85°C in a thermocycler. cDNA of each reaction was sub-
sequently subjected to quantitative real-time PCR using carboxy-fluorescein
dye (FAM)-labeled TaqMan Gene Expression Assays (EL: Hs00195812_m1;
RPL30: Hs00265497_m1; CD34: Hs02576480_m1) and the TaqMan Universal
PCR Mastermix (Applied Biosystems). Components were mixed according to
the manufacturer’s instructions and amplified in 10 mL total volume/well (384
well plates; Roche, Mannheim, Germany) using a LightCycler 480 (Roche). Ct
values were automatically generated by the LightCycler 480 Software (Roche),
and relative quantification of gene expression was calculated by standard
DDCt method using the expression of ribosomal protein L30 (RPL30) as a
reference. For analysis of EL expression in placental tissue, the endothelial
cell marker CD34 served as a reference. This allowed consideration of vas-
cular changes, i.e., hypo- or hypervascularization, in pathological placentas.
To rule out the possibility that infiltrated hematopoietic CD34-positive cells
in pathologic placentas could have confounded the CD34 measurements,
immunohistochemistry for CD34 was performed using monoclonal mouse anti-
human CD34 (1:1,000, QBEnd10; DAKO, Denmark) and the Ultravision LP de-
tection system (Thermo Scientific, Fremont, CA) according to the procedures
previously described (15). CD34 staining was limited to the placental endo-
thelium, i.e., neither blood cells nor any other cell within the connective tissue
was labeled (not shown).
Microarray analysis of placental primary cell RNA. Total RNA from ECs,
isolated from 10 different placentas, was pooled after a quality check on a
Bioanalyzer, and 5 mg RNA was prepared for hybridization as described pre-
viously (27). For expression analysis, cRNA was hybridized against Affymetrix
(Santa Clara, CA) HU133A chips according to the manufacturer’s instructions.
Raw data were normalized globally and processed with Microarray Suite
(version 5.0) and Data Mining Tool (Affymetrix) software. Annotations were
obtained from NetAffx (Affymetrix), and the data were screened for expres-
sion of leptin, TNF-a, leptin receptor, and TNF-a receptors.
Plasma assays. Plasma glucose was assessed by the glucose oxidase method
(Yellow Springs Instruments, Yellow Springs, OH). Plasma insulin was mea-
sured using a radioimmunoassay kit (Linco, St. Charles, MO). Leptin was
measured using ELISA kits (Linco) with intra-assays coefficients of variation
(CVs) of 3.0–6.2 and 6.2–8.4%. Plasma TNF-a was assayed by ELISA (Quantiglo
R&D System, Minneapolis, MN) with the following CVs: 5.3–7.8 and 2.6–3.4%.
All plasma samples were run in duplicate. The insulin resistance indices were
calculated according to HOMA-IR: fasting plasma insulin (mU/mL) 3 fasting
glucose (mmol/L)/22.5.
Statistical analysis. All values are presented as mean 6 SD or in the figures
as mean 6 SEM. Differences between dependent variables were examined
with one-way or two-way repeated-measures ANOVA. Statistically significant
mean differences were identified with a Fisher PLSD post hoc test. The re-
lationship between maternal and fetal insulin sensitivity was estimated using
univariate correlation analysis. In multivariate linear regression analyses, the
association between BMI status (lean/obese) and GDM (yes/no) with DCt was
studied. Possible interaction between BMI and GDM was tested by entering
the interaction term in the model as covariate and was considered significant if
P , 0.10. The data were analyzed using the SPSS version 18 and Statview II
statistical package (Abacus Concepts, Berkeley, CA). Statistical significance
was set at P , 0.05.

RESULTS

Effect of obesity and GDM on EL expression in human
term placenta. EL expression levels were analyzed in
placental tissues from normal pregnancies and pregnan-
cies complicated by either obesity or GDM (lean-GDM) or
obesity combined with GDM (obese-GDM). Because pre-
vious data showed that placental EL is predominantly
expressed in endothelial cells of villous vessels at term
(15), the expression of the endothelial cell marker CD34
was chosen for normalization. This way, alterations in terms
of tissue composition, i.e., hypo- or hypervascularization in
pathological placentas (28), were considered in the ex-
pression analysis. In obese-GDM, EL expression was 1.9-
fold (60.35, P , 0.05) increased compared with lean,
whereas obesity or lean-GDM alone had no significant ef-
fect on EL expression (Fig. 1). Correlation analysis be-
tween placental EL expression and maternal BMI, fetal
weight, or placental weight, respectively, revealed no sig-
nificant association.

Analyses of metabolic parameters in maternal venous and
umbilical venous plasma revealed significantly increased
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insulin and leptin values in the obese and obese-GDM
groups compared with normal (Table 1). In addition, glu-
cose and/or tumor necrosis factor (TNF)-a were slightly,
but not significantly, increased in maternal and umbilical
plasma of pregnancies complicated by obesity and obese-
GDM, respectively. To test whether one of these factors
could account for increased EL expression in obese-GDM
placenta, placental cells facing either maternal blood (vil-
lous trophoblast) or fetal blood (placental endothelial cells)
were isolated from healthy placenta and incubated with
25 mmol/L D-glucose, 10 nmol/L insulin, 20 ng/mL TNF-a, or
1 mg/mL leptin to mimic diabetic conditions in vitro.
Effects of glucose, insulin, TNF-a, or leptin on EL
expression in placental primary cells. Although treat-
ment with glucose or insulin did not show any effects on

EL expression in both cell types (data not shown), in-
cubation with TNF-a or leptin altered EL expression after
24 h. In primary TTs, EL expression was slightly, but not
significantly, downregulated by 52% (636.8%) and 56.6%
(653.6%) in the presence of TNF-a and leptin, respec-
tively. However, in primary placental ECs, both TNF-a
(14.0 6 8.9-fold up; P = 0.035) and leptin (15.7 6 9.5-fold
up; P = 0.026) increased EL expression after a 24-h in-
cubation (Fig. 2A). The TNF-a and leptin concentrations
chosen here have been frequently used for in vitro
experiments (29–32), but are higher than systemic levels
in the fetal circulation. However, both cytokines may
originate either from the umbilical circulation (endocrine
effect) or locally from the trophoblast and/or placental
macrophages (paracrine effect). Depending on the mech-
anism of action, i.e., endocrine or paracrine, the concen-
trations of both cytokines may vary, with higher paracrine
and lower endocrine concentrations. Thus, EL expression
in response to various concentrations of TNF-a and leptin,
respectively, was determined in ECs. Incubation of ECs with
increasing concentrations of TNF-a or leptin showed that
both cytokines induced EL expression in a dose-dependent
manner (Fig. 2B).
Expression of TNF-a, leptin, and their receptors in
ECs. As mentioned above, both TNF-a and leptin can act
either in an autocrine/paracrine manner, when produced
and secreted by placental cells, or in an endocrine manner
because they circulate in fetal blood. In an attempt to dis-
tinguish between both principle mechanisms, the EC tran-
scriptome was screened for expression of TNF-a, leptin,
and their respective receptors. Whereas TNF-a and leptin
were not expressed in ECs, the leptin receptor and TNF
receptor superfamily member 1B were abundantly ex-
pressed and the TNF receptor superfamily member 1A was
moderately expressed in ECs (Fig. 3). This observation
makes an autocrine mechanism of TNF-a2 or leptin-
mediated upregulation of EL in ECs rather unlikely and
suggests that endocrine/paracrine-secreted TNF-a or leptin
(or both) accounts for the changes.

In fact, umbilical plasma leptin levels were 4.1- and 2.4-
fold higher in obese-GDM cases compared with normal

FIG. 1. Quantitative real-time RT-PCR analysis of EL expression in
term placenta tissue from normal, obese, lean-GDM, and obese-GDM
pregnancies. In obese-GDM pregnancies (n = 5), placental EL expres-
sion was 1.9-fold (6 0.35) increased compared with normal (lean, n = 8),
whereas pregnancies with maternal obesity (n = 7) and placentas from
lean-GDM women (n = 6) showed no difference compared with lean
controls. Expression of placental EL was normalized to the expression of
the endothelial cell marker CD34. Data are means 6 SEM. *P < 0.05 vs.
normal.

TABLE 1
Anthropometrics and metabolic data of the study population

Lean Obese Obese-GDM Lean-GDM

Mother (n) 71 170 26 6
Maternal age (years) 28.5 6 6.0 27.6 6 5.6 29.2 6 6.2 29.8 6 6.2
Parity (n) (0–1/.1) 36/35 93/78 11/15 2/4
Gestational age (weeks) 38.7 6 0.6 38.8 6 0.6 38.5 6 0.7 39.2 6 1.0
Maternal pregravid BMI 22.2 6 3.5 34.6 6 7.4* 35.8 6 1.5* 22.7 6 1.6
HOMA 2.4 6 1.4 4.7 6 3.3* 6.3 6 5.2 * ND
Maternal glucose (mg/dL) 75 6 8 80 6 10† 80 6 10 ND
Maternal insulin (mU/mL) 12.5 6 6.4 23.3 6 13.1* 30.6 6 20.3* ND
Maternal leptin (ng/mL) 32.6 6 20.4 63.6 6 32.5* 57.9 6 32.4* ND
TNF-a (pg/mL) 1.4 6 0.9 1.3 6 0.5 1.3 6 0.3 ND

Fetus
Placenta weight (g) 571 6 178 643 6 176† 689 6 143† 618 6 150
Birth weight (g) 3,266 6 508 3,362 6 514 3,482 6 529† 3,428 6 305
% Neonatal body fat 10.3 6 4.0 12.1 6 2.9* 12.9 6 4.4* ND
Umbilical glucose (mg/dL) 62 6 13 66 6 13 67 6 13 ND
Umbilical insulin (mU/mL) 7.1 6 3.6 9.1 6 5.7† 18.1 6 22.9* ND
Umbilical leptin (ng/mL) 8.3 6 4.6 14.0 6 12.6† 34.0 6 29.3* ND
Umbilical TNF-a (pg/mL) 1.7 6 0.6 1.7 6 0.3 1.9 6 0.5 ND

Data are means 6 SD. ND, not determined. *P , 0.001. †P , 0.01 vs. control subjects.
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and obese cases, respectively (Table 1). Umbilical plasma
TNF-a, in contrast, was only increased by 14% in the
obese-GDM group compared with obese and normal cases.
NF-kB pathway is involved in TNF-a2mediated upre-
gulation of EL in ECs. Induction of EL expression by
TNF-a was previously demonstrated to be regulated by the
NF-kB pathway in human umbilical vein endothelial cells
(33) and human microvascular endothelial cell line-1 (34).
So far, no pathways were described responsible for upre-
gulation of EL expression by leptin. To further define po-
tential pathways involved in TNF-a2 and leptin-mediated
upregulation of EL in our placental primary endothelial
cells, BAY, an inhibitor of NF-kB signaling, and UO126, an
inhibitor of MAPK signaling, were added to TNF-a2 or
leptin-treated cells. Administration of BAY decreased EL
expression in leptin-treated cells by 29.5% compared with
expression in cells treated with leptin alone. When UO126
was present, EL expression in leptin-treated ECs increased
by 32.4% after 24 h (Fig. 4). However, the observed effects
of both inhibitors did not reach statistical significance.

In TNF-a2treated ECs, the inhibitors had more pronounced
effects on EL expression, which followed the same trend
as in leptin experiments. BAY decreased TNF-a2induced
upregulation of EL by 84.1% (P , 0.001), and UO126 fur-
ther increased EL expression (2.0-fold, P = 0.073) com-
pared with cells treated with TNF-a alone.

Interestingly, combined application of TNF-a and leptin
significantly increased EL expression (23.4-fold, P ,
0.001), which by far exceeded expression in cells sepa-
rately treated with TNF-a or leptin (Fig. 4). This observa-
tion suggests an additive effect of TNF-a and leptin on EL
expression in ECs. Unfortunately, no data were available
for experiments with combined application of both inhib-
itors, since these conditions were lethal for our primary
cells.

DISCUSSION

Dysregulation of placental EL expression was previously
demonstrated in pregnancies complicated either by fetal
growth restriction or type 1 diabetes. Although EL was
significantly downregulated in fetal growth restriction
placentas (15), its expression was increased in placentas
from women with type 1 diabetes (16). In the current
study, placental EL expression was compared in healthy
pregnancies and pregnancies complicated by obesity, lean-
GDM, or obesity combined with GDM (obese-GDM). EL
expression was significantly increased in placentas from
obese-GDM cases, but not in placentas from obese women
without GDM or lean women with GDM. These data sug-
gest that neither obesity nor GDM alone accounts for the
dysregulation of placental EL, and only the combination of
both conditions alters placental EL. This interpretation is
further substantiated by the in vitro experiments showing
that combined administration of TNF-a and leptin resulted
in an additive effect on EL upregulation.

The human placenta represents a barrier between ma-
ternal and fetal blood circulation. At the materno-placental
interface, the villous trophoblast is in contact with ma-
ternal blood, while at the feto-placental interface, endo-
thelial cells of stromal vessels are in contact with fetal
blood. Both cell types express EL, although EL expression
in endothelial cells prevails at term (15).

Thus, primary endothelial cells and trophoblasts were
treated with glucose, insulin, leptin, and TNF-a to test their
putative effect on EL expression. Only primary endothelial
cells, but not trophoblasts, responded to leptin and TNF-a,
whereas glucose and insulin had no effect on EL expres-
sion in both compartments. These cell culture experiments
confirmed that increased fetal plasma leptin and/or TNF-a
are able to upregulate EL expression in the placental en-
dothelium, i.e., the endothelial cells. This result may also
explain EL upregulation in total placental tissue in type 1
diabetes pregnancies, in which fetal leptin (35) and TNF-a
(36) concentrations are elevated.

The source of leptin and TNF-a effecting these changes
may be different because only leptin concentration was el-
evated in the cord blood. Fetal leptin levels correlate with
fetal insulin in fetuses with excess weight (37), strongly
suggesting fetal fat as the source. TNF-a and leptin levels
in placental tissue are elevated in conditions associated
with fetal adiposity (32), which, in the absence of their
production in endothelial cells, may be accounted for
by trophoblast or macrophage synthesis and release. Dose-
response experiments suggest that EL expression is upre-
gulated by TNF-a or leptin in a concentration-dependent

FIG. 2. Effects of TNF-a or leptin on EL mRNA expression in primary
TTs and placental endothelial cells. A: Primary TTs (■) and placental
ECs (▨) were incubated with TNF-a (20 ng/mL) or leptin (1 mg/mL)
for 24 h, and EL expression was analyzed with quantitative real-time
RT-PCR. In TTs, incubation with TNF-a or leptin decreased EL ex-
pression by 52% (6 36%) and 56% (6 53%), respectively, which was
not statistically different compared with controls. In ECs, TNF-a led to
a 14.0-fold (6 8.9) upregulation and leptin to a 15.7-fold (6 9.5)
upregulation of EL. Experiments were performed in triplicate with five
different cell preparations. B: Dose-response experiments with indicated
concentrations of TNF-a or leptin showed a concentration-dependent
induction of EL expression in ECs after 24 h. Data are presented as
mean 6 SEM. *P < 0.05 vs. untreated control.
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manner. Leptin and TNF-a are not transferred from the
maternal to the fetal circulation, hence originating from
fetal tissue release (38,39). This finding is substantiated by
the absence of higher umbilical plasma levels in pre-
eclampsia despite elevated maternal levels (40). Indeed,
neither leptin nor TNF-a expression could be detected in
primary endothelial cells, suggesting either an endocrine
or paracrine effect of these factors. Because placental

expression of leptin and TNF-a is increased in GDM and
obesity (41,42), a paracrine contribution of leptin and/or
TNF-a derived from placental macrophages (Hofbauer
cells) or the villous trophoblast is conceivable. Interestingly,
both TNF-a and leptin also induced overexpression of two
other placental phospholipases (32). Both molecules should
be able to bind to placental endothelial cells, since ex-
pression of receptors for leptin and TNF-a was detected.

FIG. 3. Expression of TNF-a, leptin, and their receptors in primary placental endothelial cells. Microarray analysis of primary placental ECs
isolated from 10 different placentas revealed abundant expression of leptin receptor and TNF receptor superfamily member 1B. While TNF re-
ceptor superfamily member 1A was moderately expressed, TNF-a and leptin expression itself was not detectable (n.d.) in ECs.

FIG. 4. Effect of inhibitors of NF-kB or MAPK signaling on TNF-a and leptin-induced upregulation of EL in primary placental endothelial cells.
Primary placental ECs were incubated with TNF-a (20 ng/mL), leptin (1 mg/mL), or both for 24 h in the presence or absence of NF-kB (BAY,
10 mmol/L) or MAPK (UO126, 10 mmol/L) signaling inhibitors. Neither BAY nor UO126 showed significant effects on leptin-induced upregulation of
EL. In ECs treated with TNF-a, BAY significantly reduced expression of EL to 15.9% (P < 0.001) compared with expression level in cells treated
with TNF-a alone. DMSO was used as a solvent control for signaling inhibitors and showed no significant effects compared with untreated cells.
Data are presented as mean 6 SEM from experiments with five different cell preparations, each performed in triplicate.
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The presence of leptin receptors in placental endothelial
cells found here is in conflict with previous studies that
localized leptin receptors only at the syncytiotrophoblast
(43,44). However, leptin receptors were found in endothe-
lial cells lining umbilical veins and arteries, a vascular sys-
tem closely linked to that of the placental chorionic tissue
proper (45).

Collectively, the dysregulation of EL in obese-GDM tis-
sue can be attributed at least in part to TNF-a2 or leptin-
mediated upregulation of EL in vascular endothelial cells
of placental villi. A contribution of other dysregulated fac-
tors, such as partial oxygen pressure, cannot be excluded.

TNF-a induces EL upregulation in placental primary
ECs by activating the NF-kB pathway, as demonstrated by
inhibitor experiments in vitro. According to these experi-
ments, leptin may not activate NF-kB or MAPK signaling
pathways in these cells (Fig. 5). Activation of leptin sig-
naling pathways may be cell type-dependent, since leptin
activates MAPK in the trophoblast-derived cell line BeWo
(46). Interestingly, there seems to be an additive effect of
both leptin and TNF-a leading to augmented EL expres-
sion in primary placental ECs, suggesting a cross-talk be-
tween both signaling pathways.

The pathophysiological consequence of the EL upregu-
lation in obese-GDM is unclear, because the role of EL on
placental endothelial cells for regulating lipid homeostasis

or materno-fetal lipid transfer has not yet been fully de-
fined. The current study did not measure placental EL
activity, since the relative contribution of individual lipases
to total placental lipase activity would be difficult to sep-
arate. As a speculation, higher EL activity in placental
endothelial cells exposed to the fetal circulation may fa-
cilitate release of free fatty acids from triglycerides and
predominantly phospholipids for subsequent uptake by
the placental endothelium. Whether EL upregulation may
contribute to the synthesis of inflammatory mediators or
vasoregulators is unknown. We propose that metabolic in-
flammation with elevated TNF-a and leptin concentrations
at the fetal-placental endothelium determines EL regula-
tion. Absence of correlation between placental EL ex-
pression and fetal growth measures makes a direct
interaction of placental EL and fetal growth rather un-
likely.
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