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The placenta is the site at which nutrient and waste exchange between the fetus and its mother 

occurs. Fetal growth and development are dependent upon an efficient placenta, requiring close 

proximity of well-developed fetal and maternal placental circulations . In humans, the 

extraembryonic trophoblast cells of the blastocyst burrow deep into the endometrial lining and 

stroma of the uterine wall and progress as far as the maternal spiral arteries. Invasive 

cytotrophoblasts erode the endothelial and smooth muscle cells of these arteries and maternal 

blood flows into pools lined by the syncytiotrophoblasts. On the fetal side, the functional units of the 

placenta are the villi, that is, branching columns of syncytiotrophoblast, cytotrophoblast and 

mesodermal stromal cells. Branches of the umbilical vessels delve into the extraembryonic 

mesodermal columns, populating them with capillaries. Thus, fetal blood is separated from maternal 

blood by a single layer each of umbilical capillary endothelial cells (ECs), cytotrophoblasts and 

syncytiotrophoblasts. Impaired placental development and/or function results in fetal growth 

restriction (FGR) and is associated with pre-eclampsia (PE), preterm birth and stillbirth. In view of the 

critical role of the fetal and maternal vasculatures to placental function, considerable focus has been 

placed on placental blood flow and vascular resistance in healthy pregnancies and in FGR, PE, 

preterm birth and stillbirth (Giles et al., 1997). ECs of all blood and lymph vessels synthesize nitric 

oxide (NO) via NO synthase (eNOS) in a highly regulated manner. NO is a critically important vessel 

dilator, ensuring optimal blood flow and lowering vascular resistance.  

NO has a short half-life (seconds) due to its highly reactive free radical (●NO) nature. NO can 

nitrosylate cysteine in proteins, causing protein-S-nitrosylation (RS-NO). Plasma nitrosylated albumin 
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levels are markedly increased in women with PE and FGR. Haemoglobin is also S-nitrosylated and 

Hb-NO in human umbilical artery is only half of that in umbilical vein, demonstrating that 

placentally-derived NO is transported for release in the fetus during deoxygenation. In human 

neonates (<4 days old) receiving oxygen support, tracheal fluid RS-NO was only 10% of normal and 

adding NO to the oxygen improved the situation. In PE pregnancies Hb synthesis is increased and 

may appear in the free form in the fetal circulation. A recent elegant study found that the Hb 

concentration was increased in the cord blood in FGR. In ex vivo placental perfusion studies, 

increasing Hb sequestered NO and increased umbilical vessel resistance. In vitro incubation of 

placental ECs in Hb induced a pro-inflammatory phenotype, with release of interleukin (IL)-1, TNF- 

and NK-B (Brook et al., 2018). Thus, free Hb will exacerbate FGR, or could even cause it. Hence, 

protein nitrosylation and subsequent NO release has important physiological outcomes in terms of 

blood flow and airway function, including in the fetus and neonate.  

Inflammation can be infectious or sterile, which includes trauma, hypoxia/ischemia, 

metabolic/obesity/diet/diabetes, stress and many others. Immune cells such as macrophages, 

leukocytes and natural killer cells respond to “foreign bodies” such as bacteria and viruses via toll-

like receptors. Following trauma, apoptosis or necrosis, the release of intracellular molecules into 

the extracellular environment, or the presence of molecules in inappropriate locations intracellularly 

(e.g. mitochondrial DNA in the cytoplasm) provides a danger-associated molecular pattern (DAMP). 

DAMPs identified in inflammation-affected pregnancies include ATP, heat shock protein 70, uric acid, 

advanced glycation end products, and DNA, which act on placental villi macrophage receptors. This 

inflammation has also been described in a form of PE that occurs post-partum and hence not 

involving the placenta (Brien et al., 2019). The activated immune cells release reactive oxygen 

species (ROS) and pro-inflammatory cytokines, such as IL-1, IL-6, IL-8, TNF-, and others, which 

exacerbate the inflammatory state. NO is also synthesized by macrophages and natural killer cells via 

inducible NOS (iNOS), an enzyme that is poorly regulated and synthesizes NO in large quantities and 

for prolonged periods. iNOS expression is stimulated by cytokines. During inflammation, ROS are 

produced in excess of antioxidative capacity. The reactive ●NO molecule in elevated concentrations 

interacts with ROS to form the highly destructive oxidant peroxynitrite which induces cell 

damage/death.  

That the placenta is a location of significant inflammation is well known. Pathological inflammation, 

especially associated with hypoxia, is often associated with ill-health e.g. obesity, diabetes, and 

pathologies of the gastrointestinal lining. In contrast, well controlled hypoxia, especially during rapid 

development such as occurs in a normal placenta, is an example of physiological inflammation. 

Physiological versus pathological hypoxia/inflammation has been recently reviewed . With good 

perfusion and abundant oxygen availability in healthy tissues, activity of prolyl hydroxylase domain 

enzyme (PDH) degrades hypoxia-inducible factor (HIF). During development, placental oxygen 

consumption is rapid due to cell division but oxygen tension is low in the endometrium/decidua. Low 

pO2 suppresses the activity of PDH, and HIF levels are increased. HIF increases expression of vascular 

endothelial growth factor which enhances vascularization, and increased expression of genes 

involved in placental development. Thus, physiological inflammation ensures successful ongoing 

placental development. 

Due to the low decidual pO2 the placenta operates at the brink of success, which makes it vulnerable 

to even modest changes in blood supply. Failure of spiral artery smooth muscle removal results in a 
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higher resistance to blood flow and reduced oxygen delivery. Mitochondrial activity and ATP 

production requires a constant supply of oxygen. At high oxygen tension, complex IV of the electron 

transport chain is in the oxidized state and metabolizes NO to nitrite. However, when spiral arteries 

are retained, pO2 is reduced and complex IV is in the reduced state. When NO reacts with superoxide 

it is transformed into the harmful oxidant peroxynitrite. Physiological inflammation becomes 

pathological inflammation. Since low pO2 gives rise to elevated HIF, why does HIF not prevent these 

adverse outcomes? Likewise, FGR and PE are associated with increases in HIF. Hypoxia also leads to 

enhanced expression of ubiquitin ligase E3 which is responsible for proteasomal degradation of HIF. 

That these mechanisms occur in trophoblasts and in the capillary ECs of placental villi was 

demonstrated using differential maternal and paternal gene knockouts and examining the effects on 

viability and placental function of fetuses of varying parentages. Thus, while a healthy placenta 

operates in the context of physiological inflammation, the margin of safety is slim. The balance can 

easily be tipped into the development of pathological inflammation when blood delivery is 

compromised, either from the fetal or the maternal side.  

An elegant study showed that the syncytiotrophoblasts lining the inter-villous space shed vesicles 

and exosomes into the intervillous blood (Motta-Mejia et al., 2017). These vesicles and exosomes 

were in greater abundance in the uterine vein than in the general maternal circulation, confirming 

their placental origins. Vesicles contained eNOS, no iNOS, and synthesized NO. Placental 

immunohistochemistry demonstrated the presence of eNOS mainly in syncytiotrophoblasts. In 

vesicles from women with PE, eNOS levels were only one-third of those from women with a normal 

pregnancy, confirmed in ex vivo placental perfusion. It would be interesting to determine the extent 

to which this placenta-derived eNOS might contribute to the decrease in maternal peripheral 

resistance in the first half of pregnancy. 

NO is rapidly metabolized to nitrite/nitrate (NO2
-/NO3

-). These metabolites provide a valuable 

storage pool for conversion back to NO. In addition, nitrite has significant biological effects including 

interaction with unsaturated fatty acids and activation of AMP kinase in ECs leading to NO synthesis. 

Results of applying sophisticated approaches to providing more definitive evidence for the fate of 

NO in the placentae of normal pregnancies and in those complicated with FGR, villitis and PE are 

reported in this issue (Mukosera et al., 2020). NO applied to placental extracts from human 

pregnancies was rapidly metabolized to nitrate, nitrite and SNO. Nitrate remained stable while NO, 

nitrite and SNO formed FeNO complexes in the presence of placental extract. The formation of FeNO 

compounds was particularly enhanced in extracts from PE pregnancies, with the data well clear of 

those for normal, FGR or villitis placentas. By using technically very challenging approaches the 

authors have significantly extended our understanding of the metabolic pathways involving the 

potent chemical NO. However, their observations in PE need further investigation in the hope of 

finding a marker for this destructive pathology. 

In conclusion, we live our lifespan carrying the consequences of the 9 months (or less) in utero. The 

placenta is the only route for nutrient acquisition and waste disposal. When this fails or its 

performance is suboptimal the risk of attaining our full potential is reduced. NO plays a major role in 

determining placental function, yet our understanding of the full extent of this role is far from 

complete. While recent experiments have pushed understanding forward, more is required, but 

difficult technical approaches will be required. 
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