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COMMENTARY
Autophagy-Based Diagnosis of Pregnancy
Hypertension and Pre-Eclampsia
Surendra Sharma
From the Department of Pediatrics, Women and Infants Hospital, Warren Alpert Medical School of Brown University, Providence, Rhode Island

In this issue of The American Journal of Pathology, Aoki
et al1 present evidence that placental Atg7 deﬁciency in
conditional Atg7 knockout mice may cause pregnancyassociated hypertension, a primary diagnostic feature of
pre-eclampsia. Pre-eclampsia is a major complication of
pregnancy that is diagnosed by de novo onset of hypertension often with proteinuria after 20 weeks of gestation and
affects 5% to 8% pregnancies with higher incidence in low
resource settings.2e9 It is a leading cause of maternal and
fetal morbidity and mortality and represents a pivotal risk
factor for chronic diseases, including cardiovascular disease,
diabetes mellitus, and renal disease.2e9 This devastating
pregnancy disorder is associated with multi-organ injury and
on the fetal side, is invariably complicated with fetal growth
restriction. Although the etiology of pre-eclampsia, particularly pregnancy hypertension and end organ injury, is still
poorly understood, it is widely accepted that poor placentation coupled with local and systemic inﬂammation is the
major causative factor. At the maternal-fetal interface,
several detrimental events including defective spiral artery
remodeling, hypoxia/ischemia microenvironment, reperfusion injury, and excessive production of pregnancyincompatible factors such as anti-angiogenic factors,
inﬂammatory cytokines, and alarmins are well documented.7e10 The circulating factors are thought to program
the onset of hypertension and other pre-eclampsia-like
features. What may lead to poor placentation? Recently,
presence of toxic protein aggregates in the placenta as well
as in serum and urine has been demonstrated.11e13 These
protein aggregates can also be part of the placental exosome
cargo and can be induced in human trophoblasts by hypoxia
or inﬂammatory cytokines.14 Importantly, they cause
trophoblast cell death and induce pre-eclampsia-like
pathology in pregnant mice.11 Why these protein aggregates not cleared from the placenta? Autophagy is a

mechanism inside a cell that degrades damaged organelles
and proteins for reuse.15,16 However, overwhelming environmental factors and/or intracellular stress may impair
autophagy by inducing excessive toxic protein aggregation
or damage beyond repair. In this regard, numerous studies
have established a relationship between autophagy and
various human diseases, particularly neurodegenerative
diseases.15,16 It is unclear if the presence of protein aggregates in hypertensive pre-eclampsia syndrome a result of
impaired autophagy.

Autophagy and ATG7
Prof. Yoshinori Ohsumi, who received the 2016 Noble Prize
in Physiology or Medicine on his work on autophagy,
recently provided a chronological description of historical
research landmarks on autophagy.17 According to him, the
year of 2013 marked the 50th anniversary of Christian de
Duve’s coining of the term “autophagy” for the degradation
process of cytoplasmic constituents. In other words, autophagy is a lysosome-mediated intracellular bulk or selective
degradation system to remove toxic macromolecules and
organelles, thus maintaining cellular homeostasis and
metabolism. Autophagy has been described to be a regulatory mechanism in all cellular organisms, including yeast,
and regulates cellular growth and differentiation, remodeling and health, adaptation to stress, control or propagation
of viral infections, and tumor suppression. The number of
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Figure 1

Schematic diagram showing the role of ATG7-like protein in the autophagy machinery and the effect of its deﬁciency on placentation and
programming of pregnancy complications such as preeclampsia.

research articles on autophagy has ballooned up exponentially by the year 2013 and continues to grow.17 The
autophagy-related genes (ATG) have been characterized and
now the number of these genes has increased to 37, involved
in the core machinery of the autophagosome assembly and
in the selective modes of autophagy.16 The ATG proteins
involved in the autophagosome assembly are made up of
several functional units. Several functional combinations of
ATG proteins are involved in regulating autophagy.18 These
systems mostly work in concert as ATG7, ATG3, and
ATG5 complexed with ATG12 and ATG16 are required for
the ATG8-phosphatydylethanolamine conjugation system
(Figure 1). This complex and highly choreographed regulatory machinery of autophagy is required to maintain
cellular health. The mechanisms of action of ATG proteins
have been partially studied using knockout mouse models
involving individual ATG genes. For example, ATG7
deﬁciency results in fetal death just after delivery and its
liver-speciﬁc deﬁcient mice exhibit p62 accumulation in the
cytoplasm of hepatocytes.19 The p62 protein serves as a
substrate of autophagy and presents ubiquitin-conjugated
proteins to the phagophore. Deletion of ATG7 in the central nervous system results in neuron death and abnormal
limb reﬂexes.20 Thus, deﬁciency of the ATG genes may
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affect different organs and lead to fatal consequences due to
energy depletion, accumulation of protein aggregates, and
metabolic stress. Our knowledge of the role of autophagy
and its related genes is still limited. Since ATG gene deﬁciency could be lethal, one way to study its speciﬁc effects
is to generate conditional knockout strains. In the article by
Aoki et al,1 the authors have used such an approach to study
the role of ATG7 in the placenta and to correlate it with
pregnancy complications such as hypertension and
pre-eclampsia.

Autophagy, Placenta, and Pregnancy
It has been proposed that autophagy acts as a guard to the
placenta against pathogens and stress.21,22 Curiously,
placental autophagy can also be exploited by pathogens to
evade surveillance from host defenses.23 Several reports
have also suggested that autophagy is hyper-activated in the
placenta of women diagnosed with pre-eclampsia.24,25
However, excessive autophagy may not explain why there
is placental accumulation of protein aggregates in
pre-eclampsia. It was unclear if placenta-speciﬁc conditional
Atg7 deﬁciency causes preeeclampsia-like features in
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pregnant dams, including elevated blood pressure (hypertension), proteinuria, fetal growth restriction, placental
hypoxic injury, and glomerular endotheliosis. Aoki et al1
present data that suggest that in conditional mice
(Atg7cKO), there was placental-, not fetal-, speciﬁc accumulation of p62. Atg7cKO mice showed elevated blood
pressure during pregnancy, reduced levels of placental
growth factor, and small placenta. Importantly, Atg7cKO
mice showed poor trophoblast invasion and apoptosis as
compared to control EGFP mice, critical features observed
in the placenta of pre-eclampsia deliveries. Although
Atg7cKO mice do not experience the severe pathological
features of pre-eclampsia, it is possible that other factors in
addition to ATG7 contribute to the onset of severe preeclampsia pathology. For example, Il10 KO mice exhibit
full spectrum pre-eclampsia-like features compared to their
wild-type counterparts, suggesting that IL-10 provides partial protective effects.26 It will be interesting to see the status
of protein aggregates in the placenta of Atg7cKO mice for
better understanding of the placental pathology. Another
important question that arises in the context of partial pathology of pre-eclampsia-like features in Atg7cKO mice is
whether the Atg7 deﬁciency is total or partial. In the article
by Aoki et al,1 trophoblast-speciﬁc conditional Atg7 /
mice are shown to exhibit signiﬁcant elevation in blood
pressure (hypertension), reduced expression of placental
growth factor, and smaller placenta with no changes in
proteinuria and fetal growth restriction. This raises an
important question whether combination of deﬁciency in
another ATG gene as well as Atg7 will result in the full
spectrum of severe pathology of pre-eclampsia.

Autophagy-Based Diagnosis and Treatment
The chronic exposure to detrimental triggers may induce
protein aggregation and cause impaired autophagy, resulting
in placental toxicity and trophoblast cell death and eventually placental insufﬁciency (Figure 1). Thus early detection
of protein aggregates in serum using autophagy-deﬁcient
trophoblast cells can be used as a diagnostic tool. Poor
placentation due to autophagy deﬁciency may further lead to
production of anti-angiogenic factors, inﬂammatory cytokines, cell-free DNA, and extracellular vesicles to program
systemic manifestation of hypertension and endothelium
dysregulation. Taken together, a therapeutic strategy can be
proposed based on inhibition of protein aggregation and
autophagy restoration.
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