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Abstract In this issue, Yung and colleagues (doi: 10.1007
/s00125-016-4040-2) report endoplasmic reticulum stress in
the placenta of patients with gestational diabetes mellitus.
With the use of a trophoblast-like cell line, these authors iden-
tify putative mechanisms involved in, and treatments to pre-
vent the induction of endoplasmic reticulum stress. Here, the
relevance and possible implications of these findings and
areas for further research are discussed.
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Abbreviation
GDM  Gestational diabetes mellitus

Gestational diabetes mellitus (GDM) is a prevalent disease with
adverse consequences for the mother, the placenta, the fetus and
the newborn, both perinatally and in the long-term [1]. With the
aim of identifying pregnant women at risk of adverse outcomes
in offspring, such as fetal macrosomia, The International
Association of Diabetes and Pregnancy Study Groups
(IADPSG) guidelines recommend cut-off values for fasting
blood glucose of 5.1 mmol/l for GDM diagnosis [2]. The re-
duction in the cut-off value of blood glucose concentration for
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GDM diagnosis, and other factors including the association
with obesity and the intrauterine programming of metabolic
diseases are leading to a global increase in the number of
GDM patients who receive dietary and/or medical interventions
to achieve blood glucose control during pregnancy [3].
However, it is increasingly recognised that blood glucose levels
should not be the only clinical focus in GDM pregnancies, and
that diverse irregularities are evidenced in individuals with
GDM who have well controlled blood glucose levels, such as
those reported in the placenta in this issue of Diabetologia [4].

In this article, Yung and colleagues are the first to report
placental endoplasmic reticulum stress in participants with
GDM [4]. Since this work evidences mild placental endoplas-
mic reticulum stress in individuals who had achieved good
blood glucose control, it is possible that more severe endo-
plasmic reticulum stress affects the placenta of GDM patients
with poor metabolic control. Of note, the placenta is an endo-
crine organ with a short life-span and a very active role as a
producer and secretor of protein hormones and cytokines [5].
Thus, the placenta is likely to be highly susceptible to endo-
plasmic reticulum stress, as highlighted by the authors [4].

The resultant unfolded protein response, which is activated
to restore endoplasmic reticulum homeostasis under stressing
conditions, leads to reduced protein translation and increased
synthesis of chaperone proteins. Since an efficient unfolded
protein response prevents apoptosis, this pathway may be
linked to reduced apoptotic pathway activation, as evidenced
in GDM placentas, which are associated with placental and
fetal overgrowth [6]. Taking this into account, an effective
unfolded protein response may constitute a marker for adverse
placental function in the presence of good metabolic control.
Whether serum chaperones are altered in GDM patients under
good and poor metabolic control, as a result of placental en-
doplasmic reticulum stress and consequent restoration activi-
ties deserves to be further evaluated.
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Previous studies have identified increased concentrations of
the chaperone, human CCAAT/enhancer-binding protein ho-
mologous protein (hCHOP), in umbilical vein endothelial cells
from GDM participants [7] and in adipose tissue from pregnant
women with GDM [8]. The identification of placental endo-
plasmic reticulum stress and unfolded protein responses in
GDM patients is relevant in the search for new biomarkers of
adverse intrauterine programming. Indeed, there is clear evi-
dence that impaired placental growth and function are related
to the induction of fetal adaptations that would lead later to
diseases in the offspring [9—11]. Considering the relationship
between endoplasmic reticulum stress, oxidative stress, angio-
genesis and the induction of a proinflammatory environment,
efforts to understand the role of these processes during devel-
opment would improve our understanding of the intrauterine
programming of adult diseases [12, 13].

On the other hand, in order to characterise hyperglycaemic
effects on endoplasmic reticulum stress, Yung and colleagues
generate a new trophoblast-like cell line denominated BeWo-
NG, which has the main trophoblast characteristics but is
adapted to be cultured under glucose concentrations of
5.5 mmol/l [4]. This is interesting since most cell lines are
adapted to be cultured under 11 mmol/l glucose concentrations:
hyperglycaemic conditions that impair the evaluation of re-
sponse to glucose challenge. As a consequence, the studies
performed by these authors allow for the identification of not
only hyperglycaemia-induced endoplasmic reticulum stress, but
also hyperglycaemia-induced acidosis in trophoblast cells, lead-
ing to the conclusion that increased lactate concentrations were
the cause of the endoplasmic reticulum stress observed in these
cells [4]. In agreement with this, in a recent study
Muralimanoharan and colleagues found increased lactate dehy-
drogenase in the placentas of GDM participants, highlighting
the relevance of increased anabolic pathway activation, and its
relationship with mitochondrial dysfunction, in GDM placentas
[14]. Mitochondrial dysfunction is closely related to oxidative
stress, which affects GDM placentas [12]. Interestingly, Yung
and colleagues showed that endoplasmic reticulum stress in
trophoblast-like cells cultured under hyperglycaemic conditions
was not only reduced by protein chaperones, but also by vita-
mins C and E; vitamins C and E were able to prevent the
increase in lactate, as well as the acidosis induced by the
10 mmol/l and 20 mmol/l glucose concentrations [4].

These studies have clinical implications and encourage fur-
ther research in the search for an antioxidant that prevents pla-
cental alterations in GDM pregnancies. Importantly, the results
obtained thus far point to anaerobic glycolysis as a basic mech-
anism that can be highly relevant in the damage induced by
maternal diabetes, in the placenta and consequently in the de-
veloping fetus. Understanding the interrelationship between
endoplasmic reticulum stress, oxidative stress and increased
anaerobic metabolism may contribute to the understanding of
the adverse placental and fetal outcomes in GDM.
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