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a b s t r a c t

Maternal fever is common during pregnancy and has for many years been suspected to harm the
developing fetus. Whether increased maternal temperature produces exaggerated apoptosis in tropho-
blast cells remains unclear. Since p53 is a critical regulator of apoptosis we hypothesized that increased
temperature in placenta produces abnormal expression of proteins in the p53 pathway and finally
caspase-3 activation. Moreover, leptin, produced by placenta, is known to promote the proliferation and
survival of trophoblastic cells. Thus, we aimed to study the possible role of leptin preventing apoptosis
triggered by high temperature, as well as the molecular mechanisms underlying this effect.

Fresh placental tissue was collected from normal pregnancies. Explants of placental villi were exposed
to 37 �C, 40 �C and 42 �C during 3 h in the presence or absence of 10 nM leptin in DMEM-F12 medium.
Western blotting and qRT-PCR was performed to analyze the expression of p53 and downstream effector,
P53AIP1, Mdm2, p21, BAX and BCL-2 as well as the activated cleaved form of caspase-3 and the fragment
of cytokeratin-18 (CK-18) cleaved at Asp396 (neoepitope M30).

Phosphorylation of the Ser 46 residue on p53, the expression of P53AIP1, Mdm2, p21, as well as
caspase-3 and CK-18 were significantly increased in explants at 40 �C and 42 �C. Conversely, these effects
were significantly attenuated by leptin 10 nM at both 40 �C and 42 �C. The BCL2/BAX ratio was also
significantly decreased in explants at 40 �C and 42 �C compared with explants incubated at 37 �C, which
was prevented by leptin stimulation.

These data illustrate the potential role of leptin for reducing apoptosis in trophoblast explants,
including trophoblastic cells, triggered by high temperature, by preventing the activation of p53
signaling.

© 2016 Elsevier Ltd. All rights reserved.
1. Introduction

Maternal fever is common during pregnancy and has for many
years been suspected to harm the developing fetus [1,2]. 1 in 5
women report having experienced fever on at least one occasion
while being pregnan [1e5]. Therefore, given the high proportion of
pregnant women who are exposed to fever, a small increase in the
risk of these outcomes would make maternal fever a public health
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concern. In animal models it was studied, as a marker of maternal
fever, the effect of raising body temperature during pregnancy and
it has been reported that prenatal exposure to elevated body
temperature leads to increased prevalence of adverse health out-
comes in the offspring. It was evidenced that even a short exposure
to elevated maternal body temperature is able to lead to cell death,
membrane and vascular disruptions, as well as placental infarction.
These disturbances may alter the integrity of the offspring [1,6]
causing growth retardation, malformations and to longer-term
outcomes behavioral alterations and impaired cognitive func-
tioning [6,7]. In this sense, several mechanisms have been proposed
through which fever interferes with fetal development. Particularly
all of them include heat shock proteins expression [6] and
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interruption of protein synthesis and enzyme production, which
ultimately results in altered or dysfunctional cellular processes,
such as apoptosis [6]. In this line, it has been reported that
apoptosis could be determinant for normal placental development
and its increase and early appearance may also be involved in the
pathophysiology of pregnancy-related diseases [8,9].

Intriguingly, it has been reported that leptin, produced by
placenta, as well as their receptors seem to play a possible role in
the apoptotic process acting through an autocrine mechanism [10].
Physiological leptin effects in placenta include angiogenesis,
growth and immunomodulation [11] as well as increase protein
synthesis [12e14] and anti-apoptotic actions [12]. Furthermore
placental leptin levels are increased under stressful condition, such
as preeclampsia or intra-uterine growth restriction (IUGR) [15],
where apoptosis is also boosted [16]. It has been suggested that this
overproduction of leptin may be helpful to prevent the highly
stress-mediated apoptosis of the trophoblastic cells. Although the
role of leptin in preventing the apoptotic process triggered by the
deprivation of serum in trophoblastic JEG-3 and Swan-71 cells is
well established [12,17], the role during cellular responses to high
temperature is still unknown. For this reason we aimed to inves-
tigate the effect of leptin in the apoptosis triggered by elevated
temperature (40 �C and 42 �C) in human placental explants [18,19].
More specifically, we investigated the leptin effect on apoptosis by
studying the protein cleavage of caspase-3 as well as the p53
expression, the master key regulator of death signaling, and several
of its downstream proteins such as Mdm-2, p21, Bax and Bcl-2.

2. Materials and methods

2.1. Placental explants collection and processing

Term placentas from uncomplicated pregnancies (n ¼ 10) were
obtained after cesarean section delivery following normal term
pregnancies in the Virgen Macarena University Hospital. None of
the patients had previous history of diabetes mellitus or any
known endocrinopathy. Subject characteristics were mean
maternal age at delivery (26.0 years ± 7.0), mean infant birth
weight (3095 g ± 69), mean placenta weight (525 g ± 81). Subject
characteristics were similar with regards to gestational age
(39.5 weeks ± 0.7).

Human placentas were obtained after cesarean section and
immediately suspended in ice-cold PBS and transported to the
laboratory, where they were washed two to three times in sterile
PBS to remove excess blood. Villous tissue free of visible infarct,
calcification, or hematoma was sampled from at least five cotyle-
dons at a distance midway between the chorionic and basal plates.
These core parts of cotyledons were cut into multiple cubic seg-
ments (10- to 15-mg wet weight) and thoroughly rinsed with cold
DMEN-F12 medium pH 7.4 (137 mM NaCl, 5 mM KCl, 1 mM CaCl2,
1 mM MgSO4, 0.3 mM Na2HPO4, 0.4 mM KH2PO4, and 4 mM
NaHCO3). None of the donor patients suffered from anomalous
pregnancy. This study was approved by the local ethical committee
(Comit�e Local de Etica en Investigaci�on del Hospital Universitario
Virgen Macarena), and the patients' written consent was obtained.
The reported investigations have been carried out in accordance
with the principles of the Declaration of Helsinki as revised in
2000.

2.2. Treatments of placental explants

Placental explants were randomly distributed in tubes con-
taining 1 ml of DMEM-F12 medium 0% FBS (n ¼ 1 explant/tube,
three replicates per treatment). Placental explants were main-
tained in a shakingwater bath at 37 �C, 40 �C and 42 �C during 3 h in
the presence or absence of 10 nM leptin (Sigma Chemical Co.).
Explants were removed from the bath, centrifuged for 2 min at
2000� g at 4 �C, and resuspended in 500 ml of lysis buffer (1� PBS,
1% Nonidet P-40, 0.5% sodium deoxycholate, 0.1% sodium dodecyl
sulfate (SDS), 10% glycerol, 1 mM phenylmethylsulfonyl fluoride
(PMSF), 1 mM sodium orthovanadate, 50 mM NaF, 10 mM pyro-
phosphate and protease inhibitor cocktail) during 30 min at 4 �C on
an orbital shaker and later centrifuged at 10 000 � g for 20 min.
Supernatants were analyzed by Western blot analysis.

2.3. Western blot analysis

Total cell lysates were prepared in lysis buffer. The lysates were
centrifuged at 10 000� g for 10 min to remove cellular debris. Total
protein levels were determined by the bicinchoninic acid method
(Thermo Scientific), using bovine serum albumin as standard. 50 mg
protein were loaded in each lane. Lysates were mixed with
Laemmli's sample buffer containing 2% sodium dodecyl sulfate and
30 mM b-mercaptoethanol, boiled for 5 min, resolved by SDS-PAGE
on a 12% gel, and electrophoretically transferred to a nitrocellulose
membrane (Hybond; Amersham Pharmacia Biotech, Piscataway,
NJ) thereafter. Membranes were equilibrated in 1 � PBS, and
nonspecific binding sites were blocked by 5% nonfat milk in PBS at
room temperature for 1 h. The membranes were then immuno-
blotted with polyclonal rabbit anti-Caspase-3 (8G10) (1:1000, Cell
Signaling; #9665), monoclonal mouse anti-cytokeratin-18 neo-
epitope M30 (1:1500, Peviva prod.10700), monoclonal mouse anti-
p53 (1:1000, Santa Cruz; sc-126), polyclonal rabbit anti phospho
Ser46 p53 (1:1000, Cell Signaling; #2521), polyclonal goat anti-
p53AIP1 (1:3000, Santa Cruz; sc-14095), polyclonal rabbit anti-
p21 (1:1000, Santa Cruz; sc-756), polyclonal rabbit anti-Mdm-2
(1:1000, Santa Cruz; sc-965), polyclonal rabbit anti-Bax (1:1000,
Santa Cruz; sc-493), or polyclonal rabbit anti-BCL-2 (1:1000, Epi-
tomics; #1017-1).

Membranes were stripped and loading controls were performed
by immunoblotting the same membranes with monoclonal mouse
anti-b tubulin (1:2500, Santa Cruz; sc-5274), except for the p53 and
phospho Ser46 immunoblots, whose loading control was deter-
mined loading the same amount of samples in a different gel. The
antibodies were detected using horseradish peroxidase-linked
anti-rabbit/anti-mouse immunoglobulin (1:12,000, Amersham;
NA934/NA931), anti-goat immunoglobulin (1:15,000, life technol-
ogies; QJ226103) and visualized using a highly sensitive chem-
iluminescence system (Supersignal; Pierce). Quantification of
protein bands was determined by densitometry using Image Gauge
version 3.12 software (ScienceLab, Fuji Photo Film Co., Ltd.).

2.4. Quantitative real-time RT-PCR assay

Abundance of p53 mRNA was determined by quantitative real
time RT-PCR reaction (qRT-PCR). Total RNA was extracted from
placental explants using TRISURE reagent, according to the man-
ufacture's instructions (Bioline Co). Concentration and purity of
the isolated RNAwere estimated by spectrophotometry at 260 and
280 nm. For cDNA synthesis, 5 mg of total RNA was reverse-
transcribed at 50 �C during 1 h using the Transcriptor first
Strand cDNA synthesis Kit (Roche). Quantitative real time PCR
reaction was performed using the following primers based
on the sequences of the NCBI GenBank database: p53,
forward, 50GGAAGAGAATCTCCGCAA30; reverse, 50AGCTCTCGGA
ACATCTCGAAG30; cyclophilin, forward, 50CTTCCCCGATACTTCA30;
reverse, 50TCTTGGTGCTACCTC 30; p53AIP1, forward, 50GGGGACTTC
TCAGGTCGTGT30; reverse, 50TGGACTTCTTCATGCCCCGA30; p21,
forward, 50GATGGCACCAGAGGTGGTTA30; reverse, 50TCCCGAAA
TATTGGGGAAAG30; Mdm-2, forward, 50TTACCCAGGCTG
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GAGTGCAG30; reverse, 50GAGAATGGTGCGAACCCG30

qRT-PCR Master Mix Reagent kit was obtained from Roche (Fast
Start universal SYBR Green) and PCR reactions were performed on a
Chromo 4 DNA Engine (BioRad). A typical reaction contained 10 mM
of forward and reverse primer, 3 ml of cDNA and the final reaction
volume was 25 ml. The reaction was initiated by preheating at 50 �C
for 2 min, followed by heating at 95 �C for 10 min. Subsequently, 41
amplification cycles were carried out as follows: denaturation
15 s at 95 �C and 1 min annealing and extension 1 min at 59 �C. The
threshold cycle (CT), from each well was determined by the Opticon
Monitor 3 Program. Relative quantificationwas calculated using the
2�DDCT method [20]. For the treated samples, evaluation of 2�DDCT

indicates the fold change in gene expression, normalized to a
housekeeping gene (cyclophilin), and relative to the untreated
control. Melting curves in the qPCR experiments showed a single
PCR product (p53 or p53AIP1 at a different temperature than the
reference gene (supplementary data).

2.5. Data analysis

In placental explants, immunoblot are a representative experi-
ment from the 10 placentas studied. Results are expressed as the
mean ± SD. The statistical significance was assessed by ANOVA
followed by Bonferroni's multiple comparison post hoc test and
was calculated using the GraphPad Instat computer program
(GraphPad, San Diego, CA). A P value less than 0.05 was considered
statistically significant.

3. Results

3.1. Leptin diminishes apoptotic effect of high temperature in
human placental explants

We have previously reported that leptin has a trophic effect
(promoting cellular growth and survival) in trophoblastic JEG-3 and
BeWo cells, preventing the apoptosis promoted by serum depri-
vation [12,17]. Now, we have further analyzed the anti-apoptotic
effect of leptin on the trophoblast inducing apoptosis by high
temperature. We incubated placental explants at 37 �C, 40 �C and
42 �C, in the presence or absence of leptin (10 nM) to study the
possible role of leptin preventing the high-temperature induced
apoptosis in the trophoblast. 10 nM leptin is the leptin concentra-
tion with maximal effects in trophoblast as previously reported
[13]. Time-response experiments (30min,1 h, 2 h, 2.5 h, 3 h, 4 h, 5 h
and 6 h incubation) at high temperature yielded 3 h incubation as
optimal to study the effect on apoptosis (data not shown).
Apoptosis was investigated by determination of Caspase-3 acti-
vated form byWestern blot. As shown in Fig. 1A, placental explants
incubated at 40 �C and 42 �C increased Caspase-3 activated form
compared with placental explants incubated at 37 �C. Moreover,
treatment with leptin 10 nM significantly reduced Caspase-3 acti-
vation in placental explants similarly to previously reported leptin
effects preventing the apoptosis promoted by serum deprivation
[12].

In order to investigate whether the increased apoptosis and
leptin effects are, indeed, occurring in trophoblasts cells, we also
tested one of neoepitopes of Cytokeratin-18 (CK-18) (the cleavage
site on CK-18 of caspases), identified by a monoclonal antibody
(M30), which has been proposed as an specific apoptosis marker of
trophoblast cells in human placenta [21]. As shown in Fig. 1B,
placental explants incubated at 40 �C and 42 �C increased the
21 KDa fragment of CK-18 activated form compared with placental
explants incubated at 37 �C. Moreover, treatment with leptin 10 nM
significantly reduced CK-18 activation in placental explants simi-
larly to the results obtained from caspase 3 experiments.
3.2. Leptin impairs the increase in p53 expression and downstream
effectors produced by high temperature in explants of placental villi

To further explore the effect of temperature-induced apoptosis,
we next focused on the expression of p53, a pivotal regulatory
protein in the apoptotic pathway, which accumulates in cells in
response to DNA damage, oncogene activation and other stressful
stimuli [22]. Moreover, we also analyzed the phosphorylation of
p53 at Ser-46, which has been shown to be involved in the regu-
lation of apoptosis by transactivating apoptosis genes such as
p53AIP1 [23], and the expression of Mdm-2 (a negative feedback
regulator of p53) and p21 (a marker of p53 activity) [17,24].

As it is shown in Fig. 2A, the high temperature (40 �C and 42 �C)
did not significantly increased the p53 protein amount. However
p53 mRNA levels were increased by high temperature incubation
(Fig. 2B). Moreover an increased p53 phosphorylation at Ser-46
(Fig. 2A), as well as, P53AIP1 (Fig. 3), Mdm-2 (Fig. 4) and p21
(Fig. 5) expression were observed. Treatment with leptin 10 nM
significantly prevented the increase in p53 expression at mRNA
levels, as well as the p53 phosphorylation at Ser-46 (Fig. 2A).
Moreover, leptin significantly prevented the increase of P53AIP1
(Fig. 3), Mdm-2 (Fig. 4) and p21 (Fig. 5) expression promoted by
both 40 �C and 42 �C incubation. These results suggest a strong
anti-apoptotic response of leptin to high temperature in human
placental explants.

3.3. Leptin enhances Bcl-2/Bax relationship in placental explants
incubated at 40 �C and 42 �C

p53 also promotes Bax, a pro-apoptotic mitochondrial pore
protein [25]. That is why, we next investigated the effect of high
temperature, 40 �C and 42 �C in the Bax expression as well as Bcl-2
expression, an anti-apoptotic member of the Bcl-2 family which
function as major regulator of the intrinsic apoptotic pathway [26].
Similarly, placental explants were incubated with or without leptin
10 nM to further characterize anti-apoptotic effect of leptin in
placental explants.

As showed in Fig. 6B, high temperature decreased the Bcl-2/Bax
ratio, both at 40 �C and 42 �C. Leptin treatment at 10 nM signifi-
cantly increased Bcl-2/Bax ratio, consistent with the antiapoptotic
effect of leptin.

4. Discussion

Normal placentation and placental development are critical for
a successful pregnancy and mediate important steps necessary for
fetal development [27]. However, foetus may be especially
vulnerable to chemical and physical insults during defined stages of
development. In particular, it has been reported that exposure to
maternal fever during pregnancy can cause abortion, growth
retardation and developmental defects [28]. It is known that
placenta locally releases a broad spectrum of hormones and growth
factors that play key roles in compensatory changes to its patho-
physiological alterations. Regulators of apoptosis are now consid-
ered to have a major role in maintaining the integrity of villous
trophoblast, so the study of the molecular mechanisms that regu-
late placental cell death is important for understanding normal
development and a variety of diseases of the placenta. In this re-
gard, leptin has been described as an important cytokine regulating
trophoblast survival, promoting growth and preventing the
apoptotic process in serum deprived trophoblastic cells [29]. This
leptin anti-apoptotic effect seems to be mediated by p53 pathway
[17]. In this work, we aimed to study the leptin effect in preventing
the apoptotic process triggered by high temperature (40 �C-42 �C),
as a marker of maternal fever, in human placental explants. They



Fig. 1. Leptin diminishes apoptosis in human placental explants incubated at 40 �C and 42 �C. Caspase and CK18 cleavage were determined in placental explants. Placental
explants were processed as described in Material and Methods and incubated to 37 �C, 40 �C and 42 �C during 3 h in the presence or absence of 10 nM leptin. Caspase-3 cleaved
fragment (p17 and p12) and the 21 KDa fragment of Cytokeratin-18 (CK18Asp396) was determined by Western blot analysis. Loading controls were performed by immunoblotting
the same membranes with anti-tubulin. Results are expressed as mean ± SD for three independent experiments. Statistical analyses were performed by ANOVA and Bonferroni's
multiple comparison post hoc test, relative to 40 �C and 42 �C without leptin (#) or 37 �C (*). #p < 0.001, *p < 0.001.

Fig. 2. Leptin diminishes p53 expression as well as Ser-46 p53 phosphorylation in human placental explants incubated at 40 �C and 42 �C. A) Placental explants were
processed as described in Material and Methods and incubated to 37 �C, 40 �C and 42 �C during 3 h in the presence or absence of 10 nM leptin. P53 as well as phospho Ser-46 p53
were determined by Western blot analysis. Placental explants to 37 �C were used as a control. Loading controls were performed by immunoblotting with anti-tubulin antibodies.
Results are expressed as mean ± SD for three independent experiments. B) p53 expression in human placental explants was determined by qRT-PCR. RNAwas extracted as described
in Materials and Methods. Statistical analyzes were performed by ANOVA. Asterisks indicate significant differences from the control according to Bonferroni's multiple comparison
post hoc test, relative to 40 �C and 42 �C without leptin (#) or 37 �C (*). #p < 0.01, *p < 0.01.
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Fig. 3. Leptin reduces P53AIP1 expression in placental explants incubated at 40 �C and 42 �C. P53AIP1 expression was determined in placental explants. Placental explants were
processed as described in Material and Methods and incubated to 37 �C, 40 �C and 42 �C during 30 min in DMEM-F12 0% FBS media. After placental explants were stimulated with
leptin 10 nM during 3 h. A) P53AIP1 expression was determined by Western blot analysis. Loading controls were performed by immunoblotting the same membranes with anti-
tubulin. Results are expressed as mean ± SD for three independent experiments. Statistical analyses were performed by ANOVA and Bonferroni's multiple comparison post hoc test,
relative to 40 �C and 42 �C without leptin (#) or 37 �C (*). #p < 0.001, *p < 0.001. B) p53AIP1 expression in human placental explants was determined by qRT-PCR. RNAwas extracted
as described in Materials and Methods. Statistical analyzes were performed by ANOVA. Asterisks indicate significant differences from the control according to Bonferroni's multiple
comparison post hoc test, relative to 40 �C and 42 �C without leptin (#) or 37 �C (*). #p < 0.05, ##p < 0.01, (*) p < 0.05.
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that represent a valuable model to confirm the physiological rele-
vance of leptin in trophoblastic survival. We showed that high
temperature induced apoptosis by activating caspase-3, as previ-
ously reported in the apoptotic process triggered by serum depri-
vation [12]. We also confirmed that result studying the appearance
M30 cytokeratin 18 fragment that is only revealed after caspase
cleavage of the protein in human placental trophoblast cells [21].
These findings suggest that leptin may be protective to the dele-
terious effects of maternal fever during pregnancy preventing the
high temperature-mediated apoptosis of the trophoblastic cells.
This effect may be of physiological relevance since trophoblastic
cells are an important source of leptin production during pregnancy
[30,31] and even more leptin is produced under stressful condition
[30,32].

Trophoblastic apoptosis, as other types of cell apoptosis, in-
cludes the extrinsic and intrinsic pathways culminating in the
activation of caspases. It has been reported that p53, a key
component of cellular mechanisms that are activated by cellular
stress, is involved in spontaneous abortion [33]. However, it re-
mains incompletely understood how p53 is stabilized in placenta
and in response to different stress signals. For that reason in this
work we investigated whether this key cell cycle-signaling protein
was involved in the apoptosis mediated by high temperature in
human placental explants. We found a significant increase in p53
expression and phosphorylation in placental explants under high
temperature conditions, but p53 protein level did not change
accordingly. This may be due to increased degradation of p53
that may counterbalance the increased expression. Moreover, a
decrease in p53 mRNA level and p53 phosphorylation was
observed in response to 10 nM leptin, demonstrating that leptin
regulates p53 pathway under high temperature conditions in hu-
man placental explants.

Under normal conditions, p53 is a short-lived protein that is
highly regulated and maintained at low or undetectable levels
[34,35]. After stress, such as serum deprivation [17], p53 is activated
mostly at the post-translational level by a complex series of mod-
ifications that include the phosphorylation of specific residues. It
was reported that p53 is serine-phosphorylated after DNA damage
and other types of stress [36e38]. Therefore, it might be speculated
that activation (phosphorylation) of p53 by high temperature
promotes apoptosis and placental leptin may play an important
role controlling this process. In this sense, we also demonstrated an
increased serine-phosphorylation of p53 triggered by high tem-
perature, as well as a significant reduced serine-phosphorylation of
p53 in response to 10 nM leptin. In addition, our results suggest
that phosphorylation of Ser-46 regulates the transcriptional acti-
vation of the p53AIP1 (apoptosis-inducing gene) as previously was
demonstrated by Oda et al [39].

It is known that Mdm-2 is induced by activated p53, which is
negatively regulated, at least in part bymediating its ubiquitination
and subsequent degradation in the proteasome [34,40]. This
mechanism may explain the lack of differences in p53 protein level
in spite of the changes in p53 gene expression. Although little is
known about leptin effect on Mdm2 levels in placenta, we
demonstrated an increased Mdm-2 expression in human placental
explants incubated at high temperature. In addition, leptin 10 nM



Fig. 4. Leptin diminishes Mdm-2 expression in human placental explants incubated at 40 �C and 42 �C. Mdm-2 expression was determined in placental explants. Placental
explants were processed as described in Material and Methods and incubated to 37 �C, 40 �C and 42 �C during 30 min in DMEM-F12 0% FBS media. After placental explants were
stimulated with leptin 10 nM during 3 h. A) Mdm-2 expression was determined by Western blot analysis. Loading controls were performed by immunoblotting the same
membranes with anti-tubulin. Results are expressed as mean ± SD for three independent experiments. Statistical analyses were performed by ANOVA and Bonferroni's multiple
comparison post hoc test, relative to 40 �C and 42 �C without leptin (#) or 37 �C (*).#p < 0.01, ##p < 0.001, *p < 0.01, **p < 0.001. B) Mdm-2 expression in human placental explants
was determined by qRT-PCR. RNA was extracted as described in Materials and Methods. Statistical analyzes were performed by ANOVA. Asterisks indicate significant differences
from the control according to Bonferroni's multiple comparison post hoc test, relative to 40 �C and 42 �C without leptin (#) or 37 �C (*). #p < 0.05, ##p < 0.01, (*) p < 0.05.

Fig. 5. Leptin diminishes p21 expression in human placental explants incubated at 40 �C and 42 �C. P21 expression was determined in placental explants. Placental explants
were processed as described in Material and Methods and incubated to 37 �C, 40 �C and 42 �C during 30 min in DMEM-F12 0% FBS media. After placental explants were stimulated
with leptin 10 nM during 3 h. A) p21 expression was determined by Western blot analysis. Loading controls were performed by immunoblotting the same membranes with anti-
tubulin. Results are expressed as mean ± SD for three independent experiments. Statistical analyses were performed by ANOVA and Bonferroni's multiple comparison post hoc test,
relative to 40 �C and 42 �C without leptin (#) or 37 �C (*).#p < 0.01, ##p < 0.001, *p < 0.01, **p < 0.001. B) p21 expression in human placental explants was determined by qRT-PCR.
RNA was extracted as described in Materials and Methods. Statistical analyzes were performed by ANOVA. Asterisks indicate significant differences from the control according to
Bonferroni's multiple comparison post hoc test, relative to 40 �C and 42 �C without leptin (#) or 37 �C (*). #p < 0.05, ##p < 0.01, (*) p < 0.05.

A. P�erez-P�erez et al. / Placenta 42 (2016) 106e113 111



Fig. 6. Leptin enhances BCl-2/Bax ratio in human placental explants incubated at 40 �C and 42 �C. Placental explants were processed as described in Materials and Methods and
incubated to 37 �C, 40 �C and 42 �C during 30 min in DMEM-F12 0% FBS media. After placental explants were stimulated with leptin 10 nM during 3 h (black box). Placental extracts
were prepared and proteins were separated on SDS-PAGE gels. A) BCL-2 and BAX expression were determined byWestern blot analysis as indicated in the Figure. Molecular weights
were estimated using standard protein markers. Molecular mass (kDa) is indicated at the right of the blot. Loading controls were performed by immunoblotting the same
membranes with anti-tubulin. B) Bcl-2/Bax Ratio. Leptin increased BCL-2/BAX ratio. Results are expressed as mean ± SD for three independent experiments. Statistical analyses were
performed by ANOVA and Bonferroni's multiple comparison post hoc test, relative to 40 �C and 42 �C without leptin (#) or 37 �C (*). #p < 0.01, ##p < 0.05, *p < 0.01.
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not only decreases p53 expression but also Mdm-2 expression,
suggesting that the leptin effect on Mdm-2 may be mediated by
p53 phosphorylation level.

The p21 gene is induced by p53 in almost all cell types by a
variety of stress agents, suggesting that multiple pathways can
promote its activation [36,45]. Here we have found an increase in
p21 expression in human placental explants incubated at high
temperature as well as a reduced p21 expression in response to
leptin 10 nM. Thus, our data demonstrate that maternal fever could
be an important cause for p53-mediated activation of p21 and
subsequent placental growth arrest, which may be counter-
balanced by leptin.

Finally, it is well known that BCL-2-family proteins are central
regulators of cell life and death. The first pro-apoptotic member of
the family, BAX (BCL-2 Antagonist X) was identified as a BCL-2-
interacting protein that opposed BCL-2 (anti-apoptotic protein)
and promoted apoptotic cell death [41]. Moreover, p53 also in-
teracts with BCL-2 at the outer mitochondrial membrane to pro-
mote the oligomerization of Bax. This in turn drive the formation
of pores in the mitochondrial membrane, resulting in the release of
cytochrome c and other apoptotic activators from the mitochon-
dria [42,43]. Moreover, mitochondria function is the main opera-
tions center in which the intrinsic apoptotic pathway [44]. We
observed a reduced BCL-2/BAX ratio in human placental explants
incubated at high temperature, whichwas increased in response to
10 nM leptin. The modulation of this ratio by leptin was due
principally to an increase in BCL-2 protein. Therefore, in this study
we have determined an activated intrinsic apoptotic pathway
when placental explants were incubated at high temperature,
which may be prevented by leptin incubation. Whether extrinsic
pathway is severely impaired in placental explants incubated at
high temperature would require further investigation.

Taken together, our findings provide evidence for an inhibitory
leptin effect on the cell apoptosis program triggered by high tem-
perature, suggesting a trophic role of leptin in the physiology of
placenta. In addition, we have provided some evidence for the
possible anti-apoptotic mechanisms exerted by leptin in placenta.
However, further additional studies are needed to fully explain the
effect of leptin on the regulation of p53 expression and BCL-2-
family proteins in response to hyperthermia. This temperature-
induced apoptosis may provide a model to further understand
certain placental pathologies associated with fever, and may un-
ravel new therapeutic targets. Finally, leptin seems to reduce the
high temperature promoted apoptosis in trophoblast cells from
human placental villi, by preventing p53 signaling.
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