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Endothelial cell leptin receptors, leptin and interleukin-8 in
the pathogenesis of preeclampsia: An in-vitro study
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Abstract

Objective: Increased leptin hormone and leptin receptor may enhance the generation of proinflammatory cytokines by endothelial cells and lead to
endothelial dysfunction. This study assessed the umbilical cord endothelial leptin receptor levels in preeclampsia and investigated the effect of leptin on
endothelial interleukin-8 (IL-8) production.

Materials and Methods: The association between IL-8 levels with leptin stimulation was investigated in leptin-treated human endothelial cells. Endothelial
cell leptin receptor levels were evaluated using immunohistochemistry staining, and endothelial IL-8 protein expression by Western blot analysis. Data are
presented as mean = standard error of the mean (SEM). Statistical significance was analyzed using Student’s t-test or Mann-Whitney U test and one-way
analysis of variance.

Results: Leptin receptor immunoreactivity increased significantly in umbilical cord venous and arterial endothelial cells in normal pregnancy (n=12)
compared with preeclampsia (n=7) endothelial cells. The corresponding preeclampsia versus control histologic scores (mean + SEM) were 67.9+8.8
vs. 127.6£23.1, (p=0.011) for the leptin receptor and 55.4+8,0 vs. 93.7+17.1 (p=0.035), respectively, for the vein endothelial cells. Leptin treatment
significantly increased 1L-8 protein levels (control vs. 100 and 1000 ng/mL, p=0.003).

Conclusion: The findings of increased umbilical cord endothelial leptin receptor levels in preeclampsia and increased endothelial IL-8 expression with
exposure to higher leptin concentrations may indicate the contribution of leptin to endothelial dysfunction and increased neutrophil-endothelial interaction,
which are significant pathophysiologic features of preeclampsia.
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Oz

Amag: Dolasimda artan leptin ve leptin reseptorti, endotel hiicrelerinde proenflamatuvar sitokinlerin tiretimini artirabilir ve endotel disfonksiyonuna
neden olabilir. Bu calismada, preeklampside umbilikal kord endotelyal leptin reseptor diizeyleri degerlendirildi. Ayrica leptinin endotelyal interldkin-8
(IL-8) tiretimi tizerindeki etkisi arastirild.

Gerec ve Yontemler: Endotel hticre leptin reseptdr seviyesi immtinohistokimyasal boyama ve endotelyal IL-8 protein ekspresyonu Western blot analizi
yontemleri kullanilarak degerlendirildi. Veriler ortalama + standart hata (SEM) olarak sunuldu. Istatistiksel fark Student t-testi veya Mann-Whitney U testi
ve tek yonlii varyans analizi kullanilarak analiz edildi.

Bulgular: Normal gebelige kiyasla (n=12), preeklampside (n=7), umbilikal kord venoz ve arteriyal endotel hticre leptin reseptdr immiinoreaktivitesi,
anlaml olarak artmis bulundu. Kontrollerde ve preeklampsi leptin reseptorleri icin histolojik skorlar (ortalama + SEM); umbilikal arter endotel hticrelerinde
sirastyla 67,9+8,8 ve 127,6+23,1 (p=0,011) iken, umbilikal ven endotel hiicrelerinde sirasiyla 55,4+8,0 ve 93,7+17,1 (p=0,035) olarak saptandi. Yiiksek
leptin seviyelerine (100 ve 1000 ng/mL) maruz kalan endotel hiicrelerinde, kontrole kiyasla, IL-8 diizeylerinin anlamh olarak artug gozlendi (p=0,003).
Sonug: Preeklampside umbilikal kord endotelyal leptin reseptor diizeylerinin artmis olmasi ve ytiksek leptin konsantrasyonlarinin endotelyal IL-8
ekpresyonunu uyarmast; leptinin, preeklampsinin belirgin patofizyolojik ¢zellikleri olan endotel disfonksiyonu ile artmis nétrofil-endotel etkilesimine
katkast olabilecegini gostermektedir.

Anahtar Kelimeler: Preeklampsi, endotelyal hticre, umbilikal kord, leptin, leptin reseptort, interlokin-8

PRECIS: This study identifies, higher levels of leptin expressions in umbilical cord from preeclampsia placenta, suggesting that
provocation of interleukin-8 secretion by leptin in endothelial cells may contribute to preeclampsia-related inflammation.
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Introduction

Preeclampsia (PE) is a multisystem disorder. Hypertension,
proteinuria, and pathologic edema in pregnancy are the classic
clinical manifestations. Worldwide, approximately 5-7% of
primigravid women develop PE in pregnancy”. Many studies
implied that the fundamental pathophysiologic abnormality
is endothelial dysfunction associated with exaggerated
inflammation and immunologic reaction**. In the pathogenesis
of PE, activation of neutrophils, monocytes, and natural killer
cells initiate inflammation, resulting in endothelial destruction
in the pathogenesis of PE®. The damaged endothelium produces
various chemokines, one of which is interleukin (IL)-8®.
Leptin was initially defined as an adipocyte hormone that
controls energy balance, reproductive functions, and immune
reactions in the body®. Mounting data imply that leptin is a
novel proinflammatory adipocyte-originated element that
manages the cytokine pathway by connecting the immune and
inflammatory system"®. The plasma leptin concentrations in
patients with PE are considerably higher than those in normal
patients””. Moreover, recent reports revealed that leptin
showed vital roles in diverse physiologic processes including
angiogenesis and arterial blood pressure regulation®.

IL-8 has been reported to activate chemotactic migration,
proliferation, and survival of vascular endothelial cells; induce
the expressions of vascular endothelial growth factor (VEGF) and
VEGF receptor'”, and regulate pathologic angiogenesis'?. Was
first purified as a potent neutrophil chemotactic factor?. IL-8 is
also characterized as a proinflammatory cytokine. Increased 1L-8
levels have been described in various inflammatory diseases!'?.
Many inflammatory cells, such as monocytes, lymphocytes, and
mast cells, release 1L-8 that is accumulated inside endothelial
cells. TL-8 and its receptors C-X-C chemokine receptor 1-2
have been detected in endothelial cells"®. Moreover, human
placental tissue produces IL-8 during pregnancy. Previous
studies showed a robust correlation between IL-8 levels and the
severity of PE®!. Neutrophil activation results in progressive
damage to endothelial cells"®. The present study aimed to
investigate umbilical cord (UC) leptin receptor (LEPR) levels in
PE and to examine the direct effect of leptin on IL-8 production
by human endometrial endothelial cells (HEECs) and human
umbilical vein endothelial cells (HUVECs), thus to describe the
function of leptin in PE.

Materials and Methods

Tissue collection

Serial paraffin sections of human placental UC specimens were
obtained from the University of South Florida under the protocol
approved by the Ethics and Human Investigation Committees of
the University of South Florida (approvel number: 00015578).
Written and verbal informed consents were obtained from each
patient. All of the samples were grouped according to clinical
diagnosis: UC control (n=12) or PE (n=7). For in vitro studies,

previously frozen HEECs (n=2) and HUVEC (n=1) from normal
women undergoing hysterectomy (laparoscopy or laparotomy)
or normal delivery were thawed and grown to confluence, as
previously described”.

Immunohistochemistry

Collected PE and normal patient UC paraffin blocks were cut
into 5 pm sections that were then put into a heater to incubate
overnight at 56 °C. The slides were deparaffinized in xylene
(x3) for 20 min., followed by 100, 90, 80, and 70% alcohol
x1 for 10 min. per gradient. Following deparaffinization, the
slides were heated in 10 mM citrate buffer (pH 6.0) for 3x5
min in a microwave oven for antigen retrieval. The slides were
then immersed in 3% hydrogen peroxide (in 1:1 v/v methanol/
distilled water) for 12 min. to quench endogenous peroxidase
activity. After washing with tris-buffered saline (TBS); (pH:
7.4) (x3) for 5 min., the slides were incubated in a humidified
chamber with 5% blocking normal goat serum (Vector Labs,
Burlingame, CA) for 30 min at room temperature (RT) in TBS.
Excess serum was emptied, and then the slides were incubated
overnight with a primary rabbit polyclonal anti-LEPR
antibody (1:60; Santa Cruz Biotechnology, Dallas, TX) in 1%
normal goat serum at 4 °C. Normal rabbit immunoglobulin G
(IgG) (Vector Labs) isotypes were used for negative controls
at the equal primary antibody concentrations. The slides
were rinsed (x3) for 5 min. with TBS, and then biotinylated
anti-rabbit IgG (Vector Labs) was used at a 1:400 dilution for
30 min. at RT. The antigen-antibody complex was identified
using an avidin-biotin-peroxidase kit (Vector Labs) for
30 min. at RT. 3.3"-Diaminobenzidine tetrahydrochloride
dihydrate (Vector Labs) was added as the chromogen to
visualize immunoreactivity for 90 seconds. The slides
were then counterstained with hematoxylin and mounted.
Immunoreactive LEPR levels semi-quantitatively
assessed using the subsequent intensity categories: 0, no
staining; 1*, weak but visible staining; 2*, moderate or distinct
staining; and 3*, strong staining. As described previously"®,
for each tissue, a histologic score (HSCORE) was derived
by adding the percentages of cells that were stained at
each intensity category and then multiplying that value by
the weighted intensity of the staining using the formula
HSCORE=2 Pi (i + ), where i represents the intensity scores,
and Pi is the corresponding percentage of the cells. In each
slide, three randomly selected areas were assessed under a
light microscope (x40 magnification), and the percentage of
the cells at each intensity within these regions was evaluated
at different times by two blinded researchers. The average
HSCORE of the two examiners was used. Human endometrial
endothelial cell and human umbilical vein endothelial cell
isolation and experimental treatment with leptin. Frozen
primary HEECs (n=2) and HUVECs (n=1) were derived from
banked samples. The samples had been isolated and categorized
as previously described"” from endometrial specimens obtained
from reproductive-age women undergoing hysterectomy
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(laparoscopy or laparotomy) and UC vein specimens obtained
from the delivery of a normal pregnant woman. Written
informed consent for sample retrieval was obtained from Yale
University Faculty of Medicine, Human Investigation Committee
and approved by the University of South Florida. Aliquots of
frozen primary HEECs and HUVECs were thawed and grown to
confluence in basal medium (BM), and a phenol red-free 1:1 v/v
Dulbecco’s Modified Eagle Medium/Ham’s F-12 (Gibco, Grand
Island, NY) mixture, containing 100 U/mL penicillin, 100 ng/
mL streptomycin, and 0.25 pg/mL Fungizone complex (Gibco)
supplemented with 10% charcoal-stripped calf serum (Gibco).
At ~80% confluence, HEECs and HUVECs were transferred
to 6-well plates at a density of 150x10° cells/well, for the
corresponding treatments, as designated by each experimental
condition. Confluent HEECs and HUVECs were incubated in
parallel in BM with 0.1% ethanol (vehicle control) or leptin
(0.1, 1.0, 10, 100 and 1000 ng/mL leptin, respectively). After
incubation for 24 h, HEECs and HUVECs were rinsed with ice-
cold 1x phosphate buffered saline and stored at -80 °C until
used for immunoblotting analysis to measure IL-8 total protein
levels.

Immunoblot analysis

Total protein was extracted using a cell extraction buffer
(BioSource International, Camarillo, CA) containing 3 mM
phenylmethylsulfonyl fluoride and a protease inhibitor
cocktail (Sigma-Aldrich, St. Louis, MO). The protein level was
determined using a detergent-compatible protein assay (Bio-
Rad, Hercules, CA). Samples (40 pg) were loaded on 10% Tris-
hydrochloric acid-ready gels (Bio-Rad), electrophoretically
separated, and electroblotted onto a nitrocellulose membrane
(Bio-Rad). The membrane was blocked with 5% non-fat milk
powder in TBS containing 0.1% Tween 20 (TBS-T) for 1 h
to reduce any non-specific antibody binding. Subsequently,
the membrane was incubated overnight with a monoclonal
mouse IgG1 clone primary antibody against IL-8 (1:800 R&D
Systems, Inc., Minneapolis, MN) in 5% non-fat milk powder
in TBS-T. The membrane was then rinsed several times with
1x TBS-T for 1 h and incubated with horseradish peroxidase-
conjugated anti-rabbit IgG (Vector Labs) in TBS-T. Following
several washes, 1L-8 was visualized through light emission
from the film (Denville Scientific, Holliston, MA) with
enhanced chemiluminescence substrate (Thermo Scientific,
Rockford, IL). Band intensities were quantified using computer

densitometry analysis (Image J, National Institutes of Health,
Bethesda, MD).

Statistical Analysis

Data from immunohistochemistry and Western blot analysis
that were normally distributed, according to the Kolmogorov-
Smirnov test, were compared using Student’s t-test or one-way
analysis of variance, followed by the post hoc Holm-Sidak test.
Immunohistochemistry and Western blot analysis data that
were not normally distributed were analyzed using the Kruskal-
Wallis nonparametric ANOVA-by-Ranks test, followed by the
post hoc Student-Newman-Keuls test. Statistical calculations
were performed using Sigmaplot 13 for Windows (Jandel
Scientific Corp., San Rafael, CA). Statistical significance was
considered as p<0.05.

Results

Immunohistochemistry of human placental umbilical cord
specimens evaluating leptin receptor immunostaining in
the control vs. preeclamptic groups

LEPR immunostaining was detected in the cytoplasm and
nucleus of the UC artery and vein endothelial cells. LEPR
HSCOREs were significantly different between the control vs.
PE specimens in the sectioned UC arterial endothelial cells
[mean =+ standard error of the mean (SEM): 67.9+8.868 vs.
127.6£23.1; p=0.011, respectively] (Figure 1) and UC vein
endothelial cells (mean + SEM: 55.4£8.043 vs. 93.7£17.15;
p=0.035, respectively). LEPR immunostaining was moderate
in the PE specimens (n=7) (Figure la-d), whereas the control
UC endothelial cells (n=12) displayed weak immunostaining
(Figure le-h). There were no statistically significant differences
in maternal age, gestational age (GA), body mass index (BMI)
at delivery, and baby weight between the control and PE groups
(Table 1).

Effect of leptin on interleukin-8 protein expression in
cultured human endometrial endothelial cells and human
umbilical vein endothelial cells

Experimental incubations were followed by immunoblotting of
the cell extracts to establish the functional regulation of leptin on
IL-8 protein expression in the primary cultures of HEECs and
HUVECs. Representative immunoblotting (Figure 2a) and the
accompanying graphs (Figure 2b) indicated that IL-8 protein
level was significantly increased by 1000 ng/mL leptin and 100

Table 1. Demographic data of the control and preeclamptic groups from which umbilical cord specimens were obtained

Maternal age (years + SD)
Gestational age (weeks + SD)
BMI at delivery (kg/m?2 + SD)
Birth weight of the baby (gr + SD)

SD: Standart deviation, BMI: Body mass index
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Control (n=12) Preeclampsia (n=7) p value
32.7+2.265 28.625+1.625 0.247
37.50+0.44 37.14+0.36 0.152
30.50+2.72 34.00+4.14 1.62
3534.16+408.41 2670.62+621.43 0.056
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Figure 1. Leptin receptor immunoreactivity in umbilical cord arterial and venous sections from gestational age-matched preeclamptic and
normal pregnancies. Representative micrographs of immunohistochemical staining for leptin receptor in preeclampsia (n=7) (A, B, C, D)
and normal pregnancy (n=12) (E, E G, H). Graphs represent the histologic score analysis of leptin receptor immunostaining in umbilical
cord vein (I) and umbilical cord artery (J) endothelial cells expressed as mean + standard error of the mean

*p=0.035; endothelial cells of the umbilical vein, preeclampsia vs. normal pregnancy
*#*p=0.011; endothelial cells of the umbilical artery, preeclampsia vs. normal pregnancy
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Figure 2. Leptin stimulates interleukin-8 expression in endothelial cells. Representative immunoblotting in human endometrial endothelial
cells (n=2) and human umbilical vein endothelial cells (n=1) cultures treated with leptin for 24 hours. Western blot analysis demonstrating
the effect of leptin on interleukin-8 levels in human endometrial endothelial cells and human umbilical vein endothelial cells. Confluent
human endometrial endothelial cells and human umbilical vein endothelial cells cultures were treated with vehicle (control), 0.1 1, 10, 100
and 1000 ng/mL leptin, respectively, for 24 hours, to evaluate the effect of leptin. Immunoblot bands for interleukin-8 were quantified using
Image J. Bars represent mean + standard error of the mean (n=3)

*p<0.05; both for 100 and 1000 ng/mL leptin vs. control.

Data are representative of three independent experiments

IL: Interleukin
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ng/mL compared with the control (p=0.003). Conversely, 0.1,
1, and 10.0 ng/mL leptin had not statistically significant effect
on IL-8 levels when added to the culture medium (p>0.05)
(Figure 2a, b). Incubation with 100 and 1000 ng/mL leptin
induced greater IL-8 protein level vs. the control, 0.1 and 1 ng/
mL leptin (Figure 2a). Compared with the control, 0.1, 1, and
10 ng/mL leptin showed no significant change in the basal TL-8
protein expression in HUVECs and HEECs.

Discussion

Several studies illustrated the potential role of cytokines,
chemokines, and their receptors in the development and
progression of PEU!9?V. Pregnancy complications associated
with PE are major causes of materno-fetal morbidity and
mortality, but their pathogenesis remains unclear®”. Despite
significant development in the management of PE, it still
constitutes an unsolved health problem in pregnancy®”. The
current study examined the molecular mechanism of leptin-
mediated inflammation in PE. The data in this study imply
that leptin/LEPR interaction stimulated IL-8 production
in endothelial cells, consequently promoting neutrophil
chemotaxis and PE progression. Therefore, a view was
instigated to connect leptin concentrations and IL-8 level in
endothelial cells. The structure and function of endothelial
cells are crucial to the preservation of arterial and vein vessel
wall homeostasis, as well as immune cells migration®?.
Damaged endothelial cells, increasing inflammatory cell
recruitment, and high concentrations of inflammatory agents
in the plasma of pregnant patients are responsible for the
pathogenesis of PE"*?%. Impaired placental function and
placental vascular disorders result in the occurrence of poor
perinatal outcome®. Leptin is produced by cytotrophoblasts
and syncytiotrophoblasts in the human placenta and
adipose tissue, which is then secreted into the circulation,
where it exerts its effects via interaction with the LEPR. The
effect of leptin on endothelial cells has attracted particular
attention®*®. LEPRs are expressed in many normal tissues,
but also in pathologic tissues generally associated with obesity
and abnormal energy balance®”. Immunohistochemically,
endothelial cells, syncytiotrophoblasts, and cytotrophoblasts
were stained with leptin®®. The present study demonstrated
that the LEPR expression in UC artery and vein endothelial
cells was augmented in PE and localized to the cytoplasm
and nuclei of endothelial cells. Significant increases in the
concentration and amounts of LEPR-positive endothelial
cells, as implied by HSCORES in PE vs. normal pregnancy
suggests a function for LEPR in the inflammatory pathway
of PE. A previous study demonstrated a high level of the
leptin gene expression in microarray investigations in PE®?.
In this regard, the current study was designed to elucidate
the possible correlation between UC artery and vein LEPR
levels and PE and its functional effects on endothelial cells.
The study data can also be considered as indirect evidence for
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LEPR and its contribution to PE, and the functional results
of leptin on endothelial cells. The data of the study can also
be considered as indirect evidence for the contribution of
LEPR to PE. Leptin possibly has an effect on the regulation of
arterial blood pressure in pregnant women, as indicated by the
direct relationship between plasma leptin concentrations and
mean arterial blood pressure®”. Furthermore, dysfunctions
of leptin metabolism or regulation in the placental unit
and plasma are enhanced in pregnancies complicated with
various abnormalities such as intrauterine growth restriction,
gestational diabetes mellitus, and PE. Leptin synthesis and
secretion have been shown as positively correlated with BMI
and GA®'™_ In contrast, in this study, BMI, GA, maternal age,
and birth weight of the baby were not significantly different
between the control and PE groups. Mise et al.®? stated that
leptin messenger RNA (mRNA) levels in severe PE were
significantly higher than in those with mild PE, also that
placental leptin mRNA levels were generally similar to plasma
leptin concentrations in women with PE compared with GA-
matched healthy pregnant women. Higher concentrations of
UC plasma leptin have been revealed in infants of mothers
with PE than in a GA-, sex-, and infant ponderal index-
matched control group®. Compromised placental blood
distribution causes chronic disturbance of nutrient resource
and ultimately results in intrauterine growth restriction®®.
Impaired placental perfusion also creates a depressed
oxygen source at the placental level, which subsequently
enhances leptin gene expression in the placental unit®V.
It is likely that the high leptin concentrations in maternal
plasma may augment hypertension because leptin provokes
endothelial dysfunction and hypertension via aldosterone-
related mechanisms and milieu in gestations complicated by
intrauterine growth restriction®”. PE is concomitant with
shallow trophoblastic invasion into the endometrial layer,
which leads to poor placental perfusion and augmented
fetal and maternal plasma leptin levels that are considerably
increased over the concentration of leptin specific to human
gestation®®. This exaggerated hyperleptinemia may be linked
to a compensatory response to augment nutrient supply to the
growing fetus®”. The present study showed that although not
significant, the LEPR level was slightly higher in the UC artery
than the paired UC vein, especially in the preeclamptic group,
suggesting that UC artery LEPR may be more functional than
UC vein LEPR in PE. In a previous report, leptin levels were
found to be higher in the UC vein than the UC artery™”.
One other study showed that the leptin concentrations were
considerably higher in UC artery and UC vein than those in
paired maternal plasma, implying that leptin is produced in
placental trophoblastic cells and is secreted into the maternal
blood circulation. Furthermore, plasma leptin concentrations
in the UC vein were notably higher than those in the paired
UC artery, suggesting that leptin is released from placental
trophoblastic cells into the fetal blood circulation®?.
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The increase in the proinflammatory chemoattractant cytokine
levels in PE suggests an inflammatory basis for this disease.
The proinflammatory and regulatory cytokine IL-8 has been
discovered in endothelial cells. Prior studies demonstrated
upregulation of IL-8 protein levels in PE. IL-8 is regulated
by neutrophil and monocyte chemotaxis regarding the
inflammation site and stimulated inflammatory response?.
IL-8 is secreted by some cell types, including endothelial cells,
monocytes, macrophages. Neutrophils, and fibroblasts. This
study investigated UC LEPR levels in PE and the relationship
of IL-8 expression in HEECs and HUVECs with leptin at
different concentrations in an attempt to explain the significant
association between leptin and IL-8 in patients with PE.
Increasing placental endothelial IL-8 production may contribute
to the improvement of placental endothelial pathology in PE.
There was a dose-dependent progressive connection between
increasing leptin level and endothelial IL-8 protein expression.
Exposing endothelial cells to a high leptin concentration plays
a role in leukocyte migration into the placental area and in the
management of the tissue-specific modifications related with the
leukocyte extravasation. A prior study showed that circulating
plasma IL-8 concentrations were elevated in women with PE
compared with normal pregnant women®. These data indicate
that IL-8 may have a critical role in endothelial cell proliferation
and differentiation and regulating endothelial function. Human
placental tissues constitutively produce IL-8 in pregnancy, and
IL-8 secretion increases with progressing GA. IL-8 is critical for
leukocyte recruitment”. Namely, the vascular endothelial cell
layer acts as the gatekeeper for maternal immune rejection and
immune cells. Similarly, increased IL-8 plasma levels in PE have
been documented>*?. Moreover, leptin induced the production
of IL-8 in human cartilage, fibroblasts, and M2 macrophages**.
These previous data also support the role of leptin-induced IL-8
secretion in endothelial cells®. Additionally, the current study
is the first to describe the association between leptin and IL-8 in
HUVECs and HEECs. IL-8 influences early vascular remodeling
by recruiting circulating neutrophil cells to the endothelial
cells®?. Understanding the mechanism for the increased IL-8
expression in HEECs and HUVECs of women in pregnancy may
contribute to explaining the pathophysiology and development
of PE. Speculatively, increased leptin production may exaggerate
cytokine-induced destruction of endothelial cells in PE or
overweight patients. Neutrophil-endothelial contact is a
hallmark of vascular inflammation that results in endothelial
injury/dysfunction”. Increasing IL-8 levels in endothelial
cells probably contribute to enhanced neutrophil recruitment
and cytokine production. Furthermore, neutrophil stimulation
is amplified in inflammatory reactions in the maternal artery
and vein blood circulation in PE. These observations reveal
that there is a high rate of IL-8 production in PE, consistent
with other studies*?. However, further studies are required to
investigate the role of leptin and LEPR in other inflammatory-
related cellular mechanisms.

Collectively, these in vivo and in vitro results indicate that
endothelial cells contribute to increased IL-8 concentrations in
maternal and fetal circulation, as well as neutrophil recruitment.
Leptin-associated augmented IL-8 secretion in endothelial cells is
probably related with the development of PE. Thus, the increase
in IL-8 level may potentiate leukocyte activation into the placental
tissue under the effects of leptin. Consequently, the source
and physiologic importance of IL-8 in the maternal and fetal
circulation are noteworthy objectives of potential investigation.
However, whether this phenomenon is a compensatory effect or
amplified reaction to the severity of the PE remains enigmatic“®.

Conclusion

These observations provide direct evidence of the stimulation of
IL-8 gene expression in endothelial cells in vitro by high leptin
concentrations. In this manner, the increased leptin and LEPR
may cause or contribute to increased IL-8 production, leading
to increased neutrophil recruitment and endothelial destruction
and consequently, increase cytokine expression in PE. This
study may provide an in vivo basis for the application of an anti-
human IL-8 antibody for the treatment of PE. Further studies
researching the possible role of LEPR in normal and PE UC
endothelial cells are needed to explore these possibilities and to
support new insight into our understanding of the pathogenesis
of PE.

Acknowledgments

The authors would like to thank the lab members, Lockwood
CJ. and Magnes R., Umit A Kayish, and Dr. John Tsibris for
their assistance.

Ethics

Ethics Committee Approval: Serial paraffin sections of human
placental UC specimens were obtained from the University of
South Florida under the protocol approved by the Ethics and
Human Investigation Committees of the University of South
Florida (approval number: 00015578).

Informed Consent: Written and verbal informed consents
were obtained from each patient.

Peer-review: External and internal peer-reviewed.

Conlflict of Interest: No conflict of interest was declared by
the author.

Financial Disclosure: The author declared that this study
received no financial support.

References

1. Dekker GA. Management of preeclampsia. Pregnancy Hypertens
2014;4:246-7.

2. Tomimatsu T, Mimura K, Endo M, Kumasawa K, Kimura T
Pathophysiology of preeclampsia: an angiogenic imbalance and long-
lasting systemic vascular dysfunction. Hypertens Res 2017;40:305-10.

3. Boeldt DS, Bird IM. Vascular adaptation in pregnancy and endothelial
dysfunction in preeclampsia. ] Endocrinol 2017;232:27-44.

4. Harmon AC, Cornelius DC, Amaral LM, Faulkner JL, Cunningham
MW Jr, Wallace K, et al. The role of inflammation in the pathology of
preeclampsia. Clin Sci (Lond) 2016;130:409-19.

225



Turk J Obstet Gynecol 2017;14:220-7

Sefa Arler. Leptin enhances interleukin-8

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

Sun L, Mao D, Cai Y, Tan W, Hao Y, Li L, et al. Association between
higher expression of interleukin-8 (IL-8) and haplotype -353A/-
251A/+678T of IL-8 gene with preeclampsia: A case-control study.
Medicine (Baltimore) 2016;95:¢5537.

Pandit R, Beerens S, Adan RAH. Role of leptin in energy expenditure:
the hypothalamic perspective. Am ] Physiol Regul Integr Comp
Physiol 2017;312:938-47.

Doster Y, Cetinkaya Demir B, Atalay MA, Durusoy EE, Kucukkomurcu
S. The possible role of serum leptin in preeclampsia. Clin Exp Obstet
Gynecol 2016;43:98-102.

Lord GM, Matarese G, Howard JK, Baker RJ, Bloom SR, Lechler
RI Leptin modulates the T-cell immune response and reverses
starvation-induced immunosuppression. Nature 1998;394:897-901.
Kalinderis M, Papanikolaou A, Kalinderi K, Vyzantiadis TA,
loakimidou A, Tarlatzis BC. Serum levels of leptin and IP-10
in preeclampsia compared to controls. Arch Gynecol Obstet
2015;292:343-7.

Martin D, Galisteo R, Gutkind JS. CXCL8/IL8 stimulates vascular
endothelial growth factor (VEGF) expression and the autocrine
activation of VEGFR2 in endothelial cells by activating NFkappaB
through the CBM (Carma3/Bcl10/Maltl) complex. J Biol Chem
2009;284:6038-42.

Wu S, Singh S, Varney ML, Kindle S, Singh RK. Modulation of CXCL-
8 expression in human melanoma cells regulates tumor growth,
angiogenesis, invasion, and metastasis. Cancer Med 2012;1:306-17.
Koch AE, Polverini PJ, Kunkel SL, Harlow LA, DiPietro LA, Elner
VM, et al. Interleukin-8 as a macrophage-derived mediator of
angiogenesis. Science 1992;258:1798-801.

Sahin S, Ozakpinar OB, Eroglu M, Tulunay A, Ciraci E, Uras E et
al. The impact of platelet functions and inflammatory status on the
severity of preeclampsia. ] Matern Fetal Neonatal Med 2015;28:643-
8.

Li A, Dubey S, Varney ML, Dave BJ, Singh RK. IL-8 directly enhanced
endothelial cell survival, proliferation, and matrix metalloproteinases
production and regulated angiogenesis. ] Immunol 2003;170:3369-
76.

Tosun M, Celik H, Avci B, Yavuz E, Alper T, Malatyalioglu E.
Maternal and umbilical serum levels of interleukin-6, interleukin-8,
and tumor necrosis factor-alpha in normal pregnancies and in
pregnancies complicated by preeclampsia. ] Matern Fetal Neonatal
Med 2010;23:880-6.

Tsukimori K, Fukushima K, Tsushima A, Nakano H. Generation of
reactive oxygen species by neutrophils and endothelial cell injury in
normal and preeclamptic pregnancies. Hypertension 2005;46:696-
700.

Shapiro JP, Guzeloglu-Kayisli O, Kayisli UA, Semerci N, Huang SJ,
Arlier S, et al. Thrombin impairs human endometrial endothelial
angiogenesis; implications for progestin-only contraceptive-induced
abnormal uterine bleeding. Contraception 2017;95:592-601.

Yen CF Kim SH, Liao SK, Atabekoglu C, Uckac S, Arici A, et al.
Increased expression of integrin-linked kinase during decidualization
regulates the morphological transformation of endometrial stromal
cells. Fertil Steril 2017;107:803-12.

Stepanova OI, Safronova NU, Furaeva KN, Lvova TU, Sokolov
DI, Selkov SA. Effects of placental secretory factors on cytokine
production by endothelial cells. Bull Exp Biol Med 2013;154:375-8.
Gungor ZB, Ekmekci H, Ttiten A, Toprak S, Ayaz G, Caliskan O, et al.
Is there any relationship between adipocytokines and angiogenesis
factors to address endothelial dysfunction and platelet aggregation
in untreated patients with preeclampsia? Arch Gynecol Obstet
2017.

226

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

Hartley JD, Ferguson BJ, Moffett A. The role of shed placental DNA in
the systemic inflammatory syndrome of preeclampsia. Am J Obstet
Gynecol 2015;213:268-77.

Steegers EA, von Dadelszen P, Duvekot JJ, Pijnenborg R. Pre-
eclampsia. Lancet 2010;376:631-44.

Iciek R, Wender-Ozegowska E, Zawiejska A, Mikolajczak P,
Mrozikiewicz PM, Pietryga M, et al. Placental leptin and its receptor
genes expression in pregnancies complicated by type 1 diabetes. J
Physiol Pharmacol 2013;64:579-85.

Walsh  SW.  Plasma from preeclamptic women stimulates
transendothelial migration of neutrophils. Reprod Sci 2009;16:320-5.
Monari E Pedrielli G, Vergani P, Pozzi E, Mecacci F, Serena C, et al.
Adverse Perinatal Outcome in Subsequent Pregnancy after Stillbirth
by Placental Vascular Disorders. PLoS One 2016;11:¢0155761.
Vargas VE, Landeros RV, Lopez GE, Zheng J, Magness RR. Uterine
artery leptin receptors during the ovarian cycle and pregnancy
regulate angiogenesis in ovine uterine artery endothelial cellsdagger.
Biol Reprod 2017;96:866-76.

Tsai PJ, Davis J, Bryant-Greenwood G. Systemic and placental leptin
and its receptors in pregnancies associated with obesity. Reprod Sci
2015;22:189-97.

Maymo JL, Perez Perez A, Gambino Y, Calvo JC, Sanchez-Margalet V,
Varone CL. Review: Leptin gene expression in the placenta-regulation
of a key hormone in trophoblast proliferation and survival. Placenta
2011;32(Suppl 2):146-53.

Nishizawa H, Pryor-Koishi K, Kato T, Kowa H, Kurahashi H,
Udagawa Y. Microarray analysis of differentially expressed fetal
genes in placental tissue derived from early and late onset severe
pre-eclampsia. Placenta 2007;28:487-97.

Prior 1J, Davern PJ, Burke SL, Lim K, Armitage JA, Head GA.
Exposure to a high-fat diet during development alters leptin and
ghrelin sensitivity and elevates renal sympathetic nerve activity and
arterial pressure in rabbits. Hypertension 2014;63:338-45.

Giudici KV, Martini LA. Comparison between body mass index and a
body shape index with adiponectin/leptin ratio and markers of glucose
metabolism among adolescents. Ann Hum Biol 2017;44:489-94.
Farias DR, Poston L, Franco-Sena AB, Moura da Silva AA, Pinto T,
de Oliveira LC, et al. Maternal lipids and leptin concentrations are
associated with large-for-gestational-age births: a prospective cohort
study. Sci Rep 2017;7:804.

Ferrero S, Mazarico E, Valls C, Di Gregorio S, Montejo R, Ibanez L,
et al. Relationship between Foetal Growth Restriction and Maternal
Nutrition Status Measured by Dual-Energy X-Ray Absorptiometry,
Leptin, and Insulin-Like Growth Factor. Gynecol Obstet Invest
2015;80:54-9.

Mise H, Sagawa N, Matsumoto T, Yura S, Nanno H, Itoh H, et
al. Augmented placental production of leptin in preeclampsia:
possible involvement of placental hypoxia. J Clin Endocrinol Metab
1998;83:3225-9.

Odegard RA, Vatten 1J, Nilsen ST, Salvesen KA, Austgulen R.
Umbilical cord plasma leptin is increased in preeclampsia. Am J
Obstet Gynecol 2002;186:427-32.

Semczuk M, Borczynska A, Bialas M, Rozwadowska N, Semczuk-
Sikora A, Malcher A, et al. Expression of genes coding for
proangiogenic factors and their receptors in human placenta
complicated by preeclampsia and intrauterine growth restriction.
Reprod Biol 2013;13:133-8.

Huby AC, Otvos L Jr, Belin de Chantemele EJ. Leptin Induces
Hypertension and Endothelial Dysfunction via Aldosterone-
Dependent Mechanisms in Obese Female Mice. Hypertension
2016;67:1020-8.



Sefa Arlier. Leptin enhances interleukin-8

Turk J Obstet Gynecol 2017;14:220-7

38.

39.

40.

41.

42.

43.

Linnemann K, Malek A, Schneider H, Fusch C. Physiological and
pathological regulation of feto/placento/maternal leptin expression.
Biochem Soc Trans 2001;29:86-90.

Valleau JC, Sullivan EL. The impact of leptin on perinatal development
and psychopathology. ] Chem Neuroanat 2014;61:221-32.
Yoshimitsu N, Douchi T, Kamio M, Nagata Y. Differences in umbilical
venous and arterial leptin levels by mode of delivery. Obstet Gynecol
2000:96:342-5.

Yura S, Sagawa N, Mise H, Mori T, Masuzaki H, Ogawa Y, et al.
A positive umbilical venous-arterial difference of leptin level and
its rapid decline after birth. Am J Obstet Gynecol 1998;178:926-
30.

Chu CQ, Lu XJ, Li CH, Chen J. Molecular characterization of
a CXCL8-like protein from ayu and its effect on chemotaxis of
neutrophils and monocytes/macrophages. Gene 2014;548:48-55.
Kobayashi Y. The role of chemokines in neutrophil biology. Front
Biosci 2008;13:2400-7.

44,

45.

46.

47.

48.

Laskowska M, Laskowska K, Leszczynska-Gorzelak B, Oleszczuk J.
Comparative analysis of the maternal and umbilical interleukin-8
levels in normal pregnancies and in pregnancies complicated by
preeclampsia with intrauterine normal growth and intrauterine
growth retardation. ] Matern Fetal Neonatal Med 2007;20:527-32.
Cao H, Huang Y, Wang L, Wang H, Pang X, Li K, et al. Leptin
promotes migration and invasion of breast cancer cells by stimulating
IL-8 production in M2 macrophages. Oncotarget 2016;7:65441-53.
Vuolteenaho K, Koskinen A, Kukkonen M, Nieminen R, Paivarinta U,
Moilanen T, et al. Leptin enhances synthesis of proinflammatory mediators
in human osteoarthritic cartilage--mediator role of NO in leptin-induced
PGE2, IL-6, and IL-8 production. Mediators Inflamm 2009;2009:345838.
Granger DN, Senchenkova E. Inflammation and the Microcirculation.
San Rafael (CA) 2010.

Canzoneri BJ, Lewis DE Groome L, Wang Y. Increased neutrophil
numbers account for leukocytosis in women with preeclampsia. Am
J Perinatol 2009;26:729-32.

227



