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Leptin is highly expressed in placenta, mainly by trophoblastic cells, where it has an important autocrine trophic effect.

Moreover, increased leptin levels are found in the most frequent pathology of pregnancy: gestational diabetes, where

leptin may mediate the increased size of placenta and the fetus, which becomes macrosomic. In fact, leptin mediates the

increased protein synthesis observed in trophoblasts from gestational diabetic subjects. In addition, leptin seems to

facilitate nutrients transport to the fetus in gestational diabetes by increasing the expression of the glycerol transporter

aquaporin-9. The high plasma leptin levels found in gestational diabetes may be potentiated by leptin resistance at central

level, and obesity-associated inflammation is playing a role in this leptin resistance. Therefore, the importance of anti-

inflammatory nutrients to modify the pathology of pregnancy is clear. In fact, nutritional intervention is the first line

approach to the treatment of gestational diabetes mellitus. However, more nutritional intervention studies with some

nutraceuticals, such as polyphenols or polyunsaturated fatty acids, or nutritional supplementation with micronutrients or

probiotics in pregnant women are needed, in order to achieve a high level of evidence. In this context, Mediterranean diet

has been recently found to reduce the risk of gestational diabetes in a multicenter randomized trial. This review will focus

on the impact of maternal obesity on placental inflammation and nutrients transport considering the mechanisms by which

leptin may influence maternal and fetal health in this setting, as well as its role in pregnancy pathologies
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1. Definition

The hormone leptin, discovered in 1994 , critically regulates body weight and metabolism at central level in the brain ,

and disruption of leptin/leptin receptor (LEPR) signaling results in morbid obesity and severe metabolic disease .

2. Introduction

In individuals of normal weight, the brain responds to increased plasma leptin levels by reducing food intake and

increasing energy expenditure . Leptin and leptin receptors are highly expressed in the preoptic area (POA), in the

arcuate nucleus (ARC) of the hypothalamus as well as in other regions, such as the lateral hypothalamus, ventromedial

hypothalamus and dorsomedial hypothalamus (DMH) . There, it regulates energy homoeostasis and the neuroendocrine

function, among other functions . In these regions, leptin signaling is mediated by the JAK2/Stat3 pathway, in which

several negative regulators of JAK2, including SOCS3 and PTP1B, have been reported to promote obesity ,

supporting the notion that JAK2 inhibitory molecules increase risk for leptin resistance and obesity. Therefore,

hyperleptinemia and hypothalamic inflammation in diet-induced obesity may activate a common negative regulator of

leptin signaling, SOCS3 or PTP1B, and contribute to central leptin resistance. In fact, up-regulation of SOCS3 in

proopiomelanocortin (POMC) neurons leads to impairment of STAT3 signaling, with consequential leptin resistance and

obesity, as well as glucose intolerance . It has also been reported that mice with whole body or neuron-specific deletion

of PTP1B are hypersensitive to leptin, and are resistant to diet-induced obesity . Importantly, obesity is associated with

impaired adipose sympathetic nerve transmissions , but the underlying mechanism is poorly understood. In this

context, the leptin resistance at a central level may prevent negative feedback on the anti-inflammatory action of the

sympathetic nervous system (SNS) . That is why leptin is now considered one of the adipokines responsible for the

inflammatory state found in obesity that could predispose to GDM. Surprisingly, Sh2b1 (an SH2 and PH domain-

containing adaptor protein)  has emerged as an endogenous sensitizer for leptin action on the sympathetic nervous

system (SNS) and energy expenditure, perhaps by enhancing JAK2 activation . In this way, the LepR Sh2b1 neuron

mediates leptin stimulation of the SNS and supports the preservation of adipose SNS against degeneration .

Apart from the JAK-2/Stat-3 pathway, activation of the MC4R signaling pathway by proopiomelanocortin (POMC)-derived

melanocyte stimulating hormone (MSH) peptides also represents a critical convergence point in the control of body

weight. The leptin–melanocortin pathway (MC4R pathway) integrates parallel inputs from the orexigenic peptides ghrelin,
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neuropeptide Y (NPY) and agouti-related peptide (AgRP), and activation of the MC4R pathway dominantly counteracts

these orexigens. Limited efficacy of lifestyle intervention in individuals with mutations in gene-encoding components of this

pathway demonstrates its importance in the control of body weight homeostasis .

Therefore, leptin can act as metabolic switch connecting the nutritional status of the body to high energy-consuming

processes. This is especially important in pregnancy, where leptin not only modulates satiety and energy homoeostasis in

the mother , but it is also produced by the placenta, which responds to the environment attempting to maintain fetal

viability. This placental production of leptin is one of the major sources of higher levels of maternal circulating leptin other

than maternal gain of fat mass . Thus, the effects of placental leptin on the mother may contribute to endocrine-

mediated alterations in energy balance, such as the mobilization of maternal fat, which could further aggravate the insulin

resistance associated with pregnancy and the onset of GDM . In fact, obese pregnant women have significantly

elevated plasma leptin concentrations compared with nonobese pregnant women throughout pregnancy . Moreover,

maternal obesity is also associated with changes in the placental function and structure, which likely impact fetal growth

and development. For example, obesity has been associated with several changes related mainly with placental size,

hypervascularization, higher branching capillaries of the villi (chorangiosis)  and increased glycogen deposits, among

others. Increased macrophage infiltration is also evident in the placenta of obese women, suggesting an exaggeration of

the inflammatory state which occurs in normal pregnancy . However, it is unclear which histological changes are due to

the pathophysiology and which are compensatory adaptations to this disease. Regardless, alterations in placental nutrient

and hormone transporter capacity have been demonstrated in human and animal models of obesity, and are hypothesized

as a mechanism leading to an accelerated fetal growth trajectory and macrosomia . In this sense, we have

demonstrated that the increased expression of aquaporin-9 (AQP9) (or others aquaglyceroporins) observed in placentas

from obese women with GDM could be mediated by hyperleptinemia, suggesting an increase in the transport of glycerol

to the fetus and thus contributing to the increased energy intake requirements in the macrosomic fetus in GDM . Leptin

has also been identified as a critical trophic factor that influences the development of the hypothalamic projections .

Alterations in the pattern of leptin secretion (premature peak, excess, or deficiency) during neonatal life could have

significant adverse effects on hypothalamic development and metabolic phenotype  (Figure 1).

Finally, one of the peripheral functions of leptin is a regulatory role in the interplay between energy metabolism and the

immune system, which is, in part, responsible for the inflammatory state associated to obesity . Several inflammatory

mediators produced by inflammatory cells also regulate leptin expression and promote the development of chronic

inflammation . In this regard, leptin effects include the inflammation and the modulation of innate and adaptive

immunity . Therefore, proinflammatory leptin actions might also have significant implications in the pathogenesis of

GDM .

Taken all together, since hypothalamic inflammation results in central leptin resistance and hepatic insulin resistance,

blocking the peripheral and central inflammation induced by a high fat diet could have the potential to treat obesity and

GDM. Therefore, novel therapies incorporating effective natural agents (macro and micronutrients), particularly agents

with the dual properties of preventing inflammation and controlling body weight by improving leptin sensitivity, might be an

alternative intervention targeting obesity and GDM.

Figure 1. Effects of bioactive food compounds on the leptin resistance associated with obesity and gestational diabetes.
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Leptin levels are increased in gestational diabetes with obesity (1). The high plasma leptin levels may be potentiated by

leptin resistance at central level, in which SOCS3 and PTPB are induced by leptin and involving in a negative feed-back

loop. The resulting effect is a decrease in the leptin-induced activation of the JAK2/STAT-3 signaling, leading to a

reduction in the central effects of leptin (2). Leptin also impacts the placenta itself in an autocrine/paracrine fashion. The

integration of numerous signaling by intracellular regulatory pathways such as MAPK, PI3K and JAK-STAT has been

demonstrated to increase the size of the placenta and to affect placental nutrient transport and fetal growth (macrosomia)

(3). Bioactive food compounds such as polyphenols might reduce circulating leptin levels, partly decreasing leptin

expression in the placenta from women with GDM. The resulting effect is a decrease in the leptin resistance at a central

level and optimal placental nutrients transport.
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