wJ D

World Journal of
Diabetes

Submit a Manuscript: http:/ /www.wjgnet.com/esps/
Help Desk: http:/ /www.wjgnet.com/ esps/helpdesk.aspx
DOI: 10.4239/wjd.v6.i2.338

World | Diabetes 2015 March 15; 6(2): 338-344
ISSN 1948-9358 (online)
© 2015 Baishideng Publishing Group Inc. All rights reserved.

MINIREVIEWS

Effects of maternal diabetes on trophoblast cells

Marltcia Bastos Aires, Anne Carolline Verissimo dos Santos

Marllcia Bastos Aires, Anne Carolline Verissimo dos Santos,
Department of Morphology, Federal University of Sergipe, Sao
Cristoévao 49100-000, Sergipe, Brazil

Author contributions: Aires MB wrote the manuscript; Santos
ACV generated the figures.

Conflict-of-interest: The authors declare that they have no
conflict of interest.

Open-Access: This article is an open-access article which was
selected by an in-house editor and fully peer-reviewed by external
reviewers. It is distributed in accordance with the Creative
Commons Attribution Non Commercial (CC BY-NC 4.0) license,
which permits others to distribute, remix, adapt, build upon this
work non-commercially, and license their derivative works on
different terms, provided the original work is properly cited and
the use is non-commercial. See: http://creativecommons.org/
licenses/by-nc/4.0/

Correspondence to: Marllcia Bastos Aires, PhD, Department
of Morphology, Federal University of Sergipe, Av. Marechal
Rondon s/n Cidade Universitaria Professor José Aloisio de
Campos, Sao Cristovao 49100-000, Sergipe,

Brazil. marlucia_aires@yahoo.com.br

Telephone: +55-79-91298405

Received: August 14,2014

Peer-review started: August 14, 2014

First decision: November 3, 2014

Revised: December 15, 2014

Accepted: December 29, 2014

Article in press: December 31, 2014

Published online: March 15, 2015

Abstract

Diabetes mellitus (DM) is a health condition characterized
by hyperglycemia over a prolonged period. There are
three main types of DM: DM type 1 (DM1), DM2 and
gestational DM (GDM). Maternal diabetes, which includes
the occurrence of DM1 and DM2 during preghancy or
GDM, increases the occurrence of gesttional complications
and adverse fetal outcomes. The hyperglycemic intrau-
terine environment affects not only the fetus but also
the placental development and function in humans and
experimental rodents. The underlying mechanisms are
still unclear, but some evidence indicates alterations
in trophoblast proliferation, apoptosis and cell cycle
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control in diabetes. A proper coordination of trophoblast
proliferation, differentiation and invasion is required for
placental development. Initially, increased expression
of proliferative markers in junctional and labyrinth
zones of rat placentas and villous cytotrophoblast,
syncytiotrophoblast, stromal cells and fetal endothelial
cells in human placentas is reported among diabetics.
Moreover, reduced apoptotic index and expression of
some apoptotic genes are described in placentas of
GDM women. In addition, cell cycle regulators including
cydlins and cyclin-dependent kinase inhibitors seem to be
affected by the hyperglycemic environment. More studies
are necessary to check the balance between proliferation,
apoptosis and differentiation in trophoblast cells during
maternal diabetes.

Key words: Diabetes; Placenta; Proliferation; Apoptosis;
Differentiation; Trophoblast
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Core tip: This review article focuses on current knowledge
about the effects of diabetes on trophoblast function
such as proliferation, apoptosis and cell cycle control
during placental development in human and rodent
animal models. It also briefly discusses some placental
pathological findings as a consequence of altered
metabolic environment during diabetes.
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INTRODUCTION

Diabetes mellitus (DM) is a group of metabolic diseases
characterized by hyperglycemia resulting from defects
in insulin secretion, insulin action, or both!!. DM is a

March 15,2015 | Volume 6 | Issue 2 |



public health problem worldwide which is increasing
mainly because of the high prevalence of obesity and
sedentarism. In 2000, a previous study including all
age groups, estimated the global prevalence of DM at
2.8% expecting to rise up to 4.4% by 2030,

There are three main types of DM: DM type 1
(DM1), DM2 and gestational DM (GDM). About 10%
of all diabetes cases are DM1: an autoimmune disease
in which an absolute deficiency of insulin resulting
from the pancreatic B cells destruction occurs. This
destruction can be caused by an autoimmune process
(type 1a) or it can be idiopathic (type 1b). The former
represents the vast majority of DM1 cases and usually
manifests itself before 30 years of age, being more
common in individuals of European origin. On the
other hand, the vast majority of cases of diabetes
existing in the population is DM2, characterized by
peripheral resistance to insulin action and relative
insulin deficiency'.

In general, the overall prevalence of DM has
increased in recent years due to the aging population
and lifestyle changes. Parallel to this trend, the number
of pregnant women with pre-existing diabetes (DM1
and DM2) has been increasing worldwide, and in
some countries, this numbers are even doubling™”.
This increase is closely related to the high number
of diabetic patients in reproductive age as well as to
advances in clinical care available for pregnant diabetic
women. Until the mid-20™ century, DM1 women either
had not reached the child-bearing age or had had
serious health problems that contraindicated pregnancy.
The discovery and commercial availability of insulin
changed this scenario and a better glycemic control for
women with diabetes led to a considerable reduction in
the rates of maternal and fetal complications™.

GDM is the principal metabolic disorder that occurs
during pregnancy and can affect 3% to 30% of pregnant
women depending on the population studied and the
diagnostic criteria used”. It is also defined as any
degree of glucose intolerance of variable severity which
arises or is diagnosed during pregnancy. Besides, it
is characterized by the maternal pancreas inability to
meet the growing demand of insulin as from the second
trimester of gestation™.

Maternal diabetes, which includes the occurrence of
either DM1 or DM2 in pregnancy and GDM, creates an
unfavorable environment for embryonic and fetoplacental
development. Despite the several developmental and
morphological differences between rodents and women
placenta, the alterations induced by maternal diabetes
are similar in diabetic patients and diabetic experimental
models™. Several works have been published addressing
the impact of diabetes on placental weight and growth
and materno-placental oxygen supplyt®*.

As it is known, the placenta is a highly specialized
organ in the interface between maternal and fetal
circulation with fundamental functions for pregnancy.
It permits the fetus anchorage to the uterus, 02/CO:
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exchange, the nutrition and the waste products removal
during embryonic and fetal development™?. Also, it acts
as a protective barrier against xenobiotics and releases
a variety of steroids, hormones and cytokines!.
Therefore, placental dysfunction has deleterious effects
on adequate pregnancy support. Among placental
cells, trophoblasts permit the embryo implantation and
nutrition in the early pregnancy and thereafter they
will contribute considerably to the development and
function of the placenta. The underlying mechanisms
of placental pathology during diabetes are still unclear,
but some evidence indicates changes in trophoblast
proliferation, apoptosis and cell cycle control.

MATERNAL DIABETES EFFECTS ON
TROPHOBLAST PROLIFERATION

A proper coordination of trophoblast proliferation,
differentiation and invasion is required for placental
development. Initially, cell proliferation should be tightly
controlled for proper tissue growth and differentiation.
Throughout gestation, growth factors such as epidermal
growth factor, vascular endothelial growth factor, platelet-
derived growth factor, placental growth factor, colony
stimulating factor 1, insulin-like growth factor I (IGF-1),
or IGF-1I are abundantly secreted from diverse cell types
of the fetal-maternal interface and have been to promote
proliferation, adhesion and/or invasion™**”.,

In diabetes, the enlargement of the junctional zone
(3Z) in the diabetic rat placenta is described as the
increased number of glycogen and giant trophoblast
cells'®, Indeed, our previous stereological study
confirmed a greater volume of spongiotrophoblast/
glycogen cells in diabetic rats compared with controls!*®!.
Also, other works have shown changes in the size and
organization of the spongiotrophoblast and glycogen
cells in rat models of diabetes™****”, suggesting the
JZ as the placental compartment most sensitive to the
diabetic condition!*®*",

Studies on the effects of maternal diabetes on
placental development have solely reported increased
expression of proliferative markers in the JZ and
labyrinth zone (LZ) of rat placentas®®!. Zorn et af*!
showed that diabetes promotes an increased cell pro-
liferation rate, detected by Ki67 immunostain, es-
pecially of spongiotrophoblast cells at gestational day
14 (gd 14), and of labyrinth cells, spongiotrophoblast
and trophoblast giant cells at gd 17. Also, intense
proliferating cell nuclear antigen (PCNA) immunostain
in labyrinth and spongiotrophoblast cells on 17 d and
in spongiotrophoblast and trophoblast giant cells on 21
d of pregnancy were noted in diabetic groups than in
control groups, indicating deregulated cell proliferation
in hyperglycemic condition which may explain the
placentomegaly observed in diabetic animals at gd 2072,

In humans, the placentas of GDM pregnancies are
heavier than those of control patients®*** and the
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Figure 1 Schematic representation of eukaryotic cell cycle and key
regulatory proteins which allow the transition from one cell cycle phase
to another. CDKs inhibitors, such as p15, p16, p18, p19 (INK4 group), p21,
p27 and p57 (CIP/KIP class) and proliferative markers are also showed. The
arrows in red indicate increased or decreased expression of some trophoblast
key regulatory proteins, CDKs inhibitors and proliferative markers in maternal
diabetes. G1: Gap 1 phase; S: synthesis phase; G2: Gap 2 phase; M: Mitosis;
CDKs: Cyclin-dependent kinases; PCNA: Proliferating cell nuclear antigen; p53:
Tumor protein p53.

mechanism accounting for this increased placental mass
is unknown. Enlargement of the capillary surface area
with capillary proliferation and penetration of newly
formed vessels have also been shown in DM®®, Villous
immaturity is present in 60% of diabetic placentas
and is characterized by an increase in the number
of mature and immature intermediate villi®”. At the
same time, a higher number of villous cytotrophoblast,
villous stromal fibroblasts, macrophages, endothelial
cells and syncytiotrophoblast nuclei in diabetes were
noted®>, As in diabetic animals, it was also reported,
increased proliferative activity in villous cytotrophoblasts
compared to normal placentas®’?°?!, Leach et al*¥
reported higher PCNA immunoreactivity in endothelial
cells of diabetic placentas. In addition to PCNA staining,
Ki67 and cyclin D3 (Figure 1) staining of villous cytotro-
phoblast, syncytiotrophoblast, villous stromal cells and
fetal endothelial cells increased in diabetic placentas
compared to controls®?,

TROPHOBLAST APOPTOSIS IN
MATERNAL DIABETES

The occurrence of apoptosis is shown during normal
placental development and in morbid states®*4., In
the normal human placenta, the presence of apoptotic
cells could be associated with many events like tro-
phoblast attachment and invasion**®, spiral artery
remodelling™’*®!, trophoblast differentiation'***! and
labor®**%!, However, the rates of placental apoptosis,
even in normal human gestations, are still controversial.
A predominance of apoptosis during early gestation,
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diminishing after the second trimester®*" and a
significant increase in apoptosis as pregnancy progresses
were reported™**#44,

Some works showed reduced apoptotic index, by
TUNEL assay, in placentas from GDMP”***! and DM1P®!
patients compared to control placentas. Increased
placental weight in GDM was associated with significantly
reduced trophoblast apoptosis'®*>*, On the other
hand, some authors reported increased apoptosis of
villous cytotrophoblasts and syncytiotrophoblast nuclei
in diabetic placentas in vivo™ or in vitro®>'. Some
technical differences such as the mode of delivery,
the placental sampling or differences in gestational
age could be responsible for study discrepancies™.
Therefore, more studies are necessary to check the
balance between proliferation and apoptosis in human
diabetic placentas.

In the placenta, conditions like low oxygen and
oxidative stress could induce to apoptosis that may
be initiated by intrinsic or extrinsic pathways resulting
in the activation of central apoptotic effectors, the
caspases™, The extrinsic pathway involves members of
the tumor necrosis factor (TNF) death receptor family,
whose ligands include TNF-a, Fas ligand, Apo3 ligand
(Apo3L) and Apo2L™. The activation of death receptors
results in receptor aggregation and recruitment of
adaptors molecules Fas-associated death domain or
TNF-R-associated death domain®”. As a consequence,
procaspase-8 and procaspase-10 are recruited and
become activated, initiating the cleavage of downstream
effector caspases™®®”, Caspase-8 could occasionally
cleavage BH3-interacting domain death agonist that
activates the intrinsic pathway™".

The intrinsic pathway could be initiated by toxins,
radiation, DNA damage and reactive oxygen species that
lead to cellular stress and deficiency of growth factors®?,
This pathway induces mitochondrial membrane per-
meability modification by changes in the association
of pro- and anti-apoptotic B-cell lymphoma 2 (BCL2)
proteins®®, The outer membrane permeabilization leads
to the release of cytochrome c from the mitochondrial
intermembrane space to the cytosol®’. Them, the
cytochrome ¢ binds to the protease activating factor-1
forming the apoptosome'®. The apoptosome cleaves
procaspase-9, activating the terminal pathway of
apoptosis. Additionally, the Smac (Second mitochondria-
derived activator of caspase) is released from the
mitochondria and eliminates the inhibitory effect of
inhibitor of apoptosis proteins on caspases'®®®”), Both
pathways culminate in a terminal pathway involving
the cleavage and activation of caspase-3, -6, and -7,
initiating cell destruction by activating DNAses and
cleaving DNA repair enzymes such as poly (ADP-ribose)
polymerase (PARP)®*%),

Concerning proteins associated with cell death
pathways reduced expression of BCL2 has been
reported in placentas from diabetic patients compared
to normoglycemic women®*, Furthermore reduced
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Figure 2 Schematic representation of trophoblast apoptosis findings in
maternal diabetes. Reduced expression of apoptotic components from both
intrinsic and extrinsic pathways, caspase-3 and poly (ADP-ribose) polymerase
(PARP) are reported by some works. FasR: Fas receptor; FasL: Fas ligand;
MCL1: Myeloid cell leukemia 1; BCL2: B-cell lymphoma 2; BCL2L1: BCL2-like 1;
XIAP: X-linked inhibitor of apoptosis; BCL2L2: BCL2-like 2.

gene expression of BCL2, BCL2L1, BCL2L2, myeloid
cell leukemia 1 and X-linked inhibitor of apoptosis
and reduced protein expression of the Fas receptor
(FasR), FasL, caspase-3 and its PARP has been
reported, indicating extrinsic and intrinsic pathways
downregulation in placentas with GDM™**¥ (Figure 2).

According to Rudge et al”® (2012), severe diabetes in
mice decrease placental TUNEL index from day 18 to 21
of pregnancy, at the same time that small for pregnancy
age fetus and increased placental weight are also found.
A GDM animal model (db/+ mice), when treated with
TNF-a at gd 11.5, a pro-apoptotic peptide, there was
an increased number of apoptotic cells, detected by
cleaved caspase-3 immunostaining, in both labyrinth
and trombospongium, at gd 18.57Y, Unfortunately, little
is known about the cleaved caspase-3 placental activity
from other's models of animal diabetes or even human
diabetic pregnancies.

CELL CYCLE CONTROL OF
TROPHOBLAST IN MATERNAL DIABETES

The appropriate development of an organism depends
on the balance between cell cycle exit and the diffe-
rentiation process in all tissues. The cell cycle exit is
required for terminal differentiation of many cell types
and cell cycle progression is regulated by a series of
cyclin-dependent kinases (CDKs) that consist of catalytic
subunits, designated CDKs, and activating subunits,
designated cyclins”>”!, The activation and inactivation
of different cyclin-CDKs at adequate moments is necessary
for precise progression into the cell cycle”*”®,

Although placental growth is essentially a result
of the coordination of trophoblast proliferation and
differentiation, there is little information about the
mitotic regulators that provide the synchronization of
trophoblast proliferation and differentiation”®. In the rat
term placenta, cyclin D1 and cyclin D3 are expressed
in placental fetal cells, whereas the G1/S cyclin E are
present only in the spongiotrophoblast and labyrinthine
trophoblast cells””. The D-type cyclins serve as growth
factor sensors that integrate extracellular signals with

Roishidenge ~ WJD | www.wjgnet.com

341

Aires MB et a/. Maternal diabetes and placenta

the cell cycle machinery. Together with their partner
kinases, CDK4 and CDK®6, they operate in early-to-mid
G1 to promote progression through the G1-S restriction
point”®. The nuclei expression of cyclins D1 and D3 in
mesenchymal and labyrinthine trophoblast cells could
infer a role in the differentiated state maintenance in
late gestation””). In the human placenta, cyclins D1
and D3 have been observed in endothelial cells”®.
However, cyclin activity during diabetes has been little
explored in placental cells. Only one work reported
cyclin D3 staining intensities significantly increasing
in villous parts, basal plates and chorionic plate of a
diabetic group when compared to control placentas™;
perhaps prominent cyclin D expression could contribute
to the increased cell proliferation observed in diabetic
placentas (Figure 1).

There are two families of CDK inhibitors that act
to inhibit cell cycle progression. The INK4 family
(p15ink4b, p16ink4a, p18ink4dc, p19ink4d) inhibits the
CDK4, CDK6 and cyclin D activities in the G1 phase
and G1/S transition of cell cycle. In turn, the CIP/KIP
family (p21waf/cipl, p27kipl and p57kip2) inhibits the
cell cycle at many checkpoints by acting on multiple
cyclin-CDK complexes”*”,

The altered metabolic environment in maternal
diabetes could affect the expression of genes that
control the cell cycle events as was observed for reduced
p57 expression in diabetic rat placentas on days 17
and 21 of pregnancy” (Figure 1). In the normal
rat placenta, immunostaining intensities of cell cycle
inhibitors p27, and p57 were observed to be higher in
the JZ compared to the LZ close to term”). Accordingly,
since p57 is a cell cycle inhibitor and tumor suppressor,
lack of p57 activity can lead to a loss of cell cycle control
and hyperproliferation®*!, Therefore, less p57 expression
may explain the reason why diabetic placentas are
heavier and bigger®*.

In fact, abnormal placental development is present
in p27 and p57 knockout mice®. The LZ is less
vascularized and contains more trophoblasts than those
from wild type placentas. Moreover, Takahashi et a/*"
demonstrated that placentomegaly was observed in
p57 deficient mice in which the numbers of placental
cells in the LZ and spongiotrophoblasts were twice
the number of those of the wild type. In addition to
placentomegaly, deregulation of the cell cycle can
result in the development or progression of some
trophoblastic diseases like preeclampsia that can occur
in diabetic women. In humans, p57 staining index
of villous parts decreases significantly in diabetes®*.
Another CIP/KIP family member, p27, has no difference
in staining intensity in the villous part between diabetic
and control groups of human patients, but has different
staining patterns in different placental cell types®.
Some studies indicated that p27 and p57 have different
functions in human placental development!®>%,

In summary, this article reviewed the current
knowledge about the effects of hyperglycemia on
trophoblast proliferation, apoptosis and cell cycle control
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during pregnancy. More detailed studies are required
to check the balance between proliferation, apoptosis
and differentiation in trophoblast cells during maternal
diabetes.
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