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ABSTRACT KEYWORDS
Diabetes associated with pregnancy progresses with adverse perinatal Placenta;
outcomes (RPNA), directly dependent on the quality of maternal metabolic Diabetes;
control and integrity of the placental function. The hypoxic metabolic model, Angiogenesis;
described to explain the pathophysiology of RPNA in these pregnancies Inflammation;
may be related to different ways of acting in the trophoblast. The objective Apoptosis.

of thisreview was to explore the relationship between maternal hypergly-
cemiaand markersof placental angiogenesis, aswell asmarkersof possible
pathways involved in this process. Interestingly, the pathways related to
inflammation and / or proliferation and cell apoptosis, potentially related to
the processes of intrauterine hypoxia, a feature of pregnancies compli-
cated by uncontrolled hyperglycemia. To this end, we selected markers of
activity in the trophoblast, among them the proliferation of endothelial
factor (V EGF), theenzyme cyclooxygenase (COX-2), amarker of inflamma-
tionand also of regeneration and cell proliferation, and proteolytic enzyme
family of caspases (CASPASE-3), amarker of cells undergoing apoptosis.
As astrategy used to search, defined as keywords of interest in databases
with public access (Lilacs, SCIELO, PubMed / Medline, Virtual Health Li-
brary / BIREME, Cochrane, among others), and the manual search books
on specific texts. © 2011 Trade Sciencelnc. - INDIA

INTRODUCTION rapid growth in ashort time and should meet thein-
creased demand of metabolism necessary for fetal
Theplacentaishighly vascularized organthat shows ~ growth and devel opment. To perform their functions,
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however, dependslargely on the proper devel opment
of fetal and uterine capillary network, with such aplas-
ticity, which allowsthe necessary changesaong the
pregnancy!y.

DiabetesMdlitusisasyndrome characterized by
chronic elevation of fasting glucoseand/ or postpran-
did, inabsoluteor reativedefect ininsulin production
or decreasing its effect on tagert organs. Gestational
diabeteisdefined asany degree of glucoseintol erance
firstidentifiedin pregnancy!?. In pregnancies compli-
cated by diabetefor the mother’s exposure to chronic
hyperglycemia, which resultsin different metabolic dis-
orders, leadingtofetd and placentd injury.

Intheplacenta, in particular, arerelated to changes
dueto endothelid proliferation, exaggerated vascular
growth and adhesion of pericytes®. However, much of
theseinformationsand thered roleof markersinvolved
in these processes and, consequently, in the perinatal
outcomesarenot well establishedintheliterature,

VASCULOGENESISAND ANGIOGENESIS

Vasculogenisand angiogenesisare the mecanisms
that induce the formation of new blood vessels.
Vascul ogenesi soccursduring embryoni ¢ devel opment,
from the mobilization of pluripotent mesoderma pre-
cursorspresent intheyolk sac of embryosof birdsand
mammalsand in specific organsin the adult™. These
precusors, identified asangioblastic, form endothelia
cells, yet do not exhibit the characteristic markers of
these cellsnor the ability to form tubules. Intheyolk
sac, hematopoietic precursor cellsandangioblastic dif-
ferentiatein close association with each other, forming
the so-called blood i slands. Subsequent processes of
fusion of blood islandsand theformation of vascular
lumen lead to primary vascul ar network®,

Theformation of thefirst blood vesselsoccursby
differentiationinstu of theangioblagtic cdlsandischar-
acterized asvasculogenesis. From these pre-existing
vessdls, new capillariesareformed by budding, result-
inginavascular plexuseongated and highly branched,
andthisprocessiscalled angiogenesis®. Thesemecha
nismsareconsidered essentid for thedevel opment and
growth of the embryo, fetus and newborni®. In most
adult tissues, however, the capillary endothelium repre-
sentsastable cell population, with low mitotic index.
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Angiogenesisin adultsisobservedin pathological con-
ditions, occurring persistently and unregulated, asin cases
of cancer, andfibross, retinopathy and rheumatoid ar-
thritis, or ingtrictly controlled situations, asinfollicular
development and corpus|uteum formation, endome-
trial post menstruation and placentationt™.

Angiogenesisisessentia and dynamic processthat
occursfromvenulesor capillaries, and that, after trans-
duction of differentiation signa's, developsintosix ma
jor steps: (1) vasodilatation and increased vascul ar per-
meability; (2) activation of proteases produced by en-
dothelid cells, which bresk the basement membrane of
thevascular wall and destroy the adjacent matrix; (3)
proliferation of endothelid cdlls; (4) migration of these
cdlls, through an extens ontoward theangiogenic timu-
lus, forming solid cords of cellsaigned and referred to
inliteratureas*““sprouts” (buds); (5) formation of a lu-
men, by the cod escenceof intraand intercel lular vacu-
olesand, in sequence, (6) recruitment of pericytesto
stabilizethevascular structureand form arteriolesand
venules”.

The possible pathways of activation of theangio-
genic processmay include, aloneor in combination, the
following events: i) increased production of growth fac-
torsand cytokines, through direct action onthe activa-
tion of endothelid cellsor indirectly onotherscellsthat
promoteangiogenes's; ii) synthesisof enzymesthat en-
ablethebinding of angiogenic factorsto their recep-
tors; iii) specificincentivesfor the production of en-
zymes by endothelial cellsand stromaadjacent to the
capillaries, capableof inducing the degradation of base-
ment membraneand extracel lular matrix perivascular
andiv) interruption of the synthesisand expression of
physiologica inhibitorsof angiogenesis, probably inthe
early sagesof the angiogenic response, and stimulating
thesynthesisand/ or activation of angiogenesisinhibi-
tors, probably inlate stages of the angi ogenic response.
Ingenerd, angiogenesisinhibitorsand stimulatorswork
together, controlling the growth of blood vessdls. Dis-
turbancesin thisprocess, however, canlead to numer-
ous“‘angiogenic diseases” in different tissues'®, suchas
pre-eclampsid?.

Amongthefactorsregulating activation highlight 1
and angiopoietin 1 and 2 (Ang-1 and Ang-2) and its
receptor Tie-2, the components of thefamily of vascu-
lar endothelial growth factor (VEGF-A, B, Cand D)
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and itsreceptors VEGFR-1 and VEGFR-2, basic fi-
broblast growth factor (FGF-b or FGF-2) and placen-
tal growth factor (PIGF).

MARKERSOFANGIOGENESIS

Theangiopoietinand VEGF are essential and mul-
tifunctiona regulatory moleculesthat regulate growth
and morphogenesisof thevascular system, actingasa
specific endothelid mitogen regulated by different fac-
torsand aso by hypoxia®. Inhibitingtheactivity of their
specific receptorsinhibitsangiogenesisand causesde-
stabilization of thevascular wall andinhibit themigra
tion and proliferation of endothdia cellsandtheir pre-
cursorg.

VEGFispart of afamily consisting of Sx members:
VEGF-A (or VEGF), PIGF, VEGF-B, VEGF-C,
VEGF-D and VEGF (homologousto the VEGF gene
encoded by orf virus-pargpoxvirus). Thelossof asingle
VEGF dldeleadsto embryoniclethdity, which makes
asinglefactor inthe devel opment of thevascular sys-
tem®. It isafactor expressed by different tissues of
low-angiogenic activity asthebrain, kidneys, liver and
spleen, whereit regulatesvascular permeability. Itis
also essentid to the process of angiogenesisduring de-
velopment, which features avariety of effectson en-
dothelid cdll (proliferation, migrationand surviva) and
theformation of blood vessdsingenerd organizationin
tubeand lumenformation). Thisactionisaso observed
at sitesof embryo implantation and formation of the
placentd vessds8.

Thetranscription of VEGF mRNA isinduced by
different growth factorsand cytokines, among them,
PDGF, EGF, TNF-o, TGF- and IL-, acting asindi-
rect mediatorsof angiogenesis. Thelevelsof VEGF
can also beregulated by oxygentension. Hypoxiain-
ducesarapid and reversible expression of VEGF, in-
creas ng transcription and mMRNA stabilization. Onthe
other hand, normoxiaregulaestheproductionof VEGF,
promoting theregression of newly formed vessel §9.

Theaction of thisgrowth factor occursthrough spe-
cificreceptorspresent on endothelia cellsor their pre-
cursors. Two binding sitesof high affinity for VEGF are
presentinthesecells: VEGFR-1 (FIt-1) and VEGFR-
2 (Flk-1/KDR), which expressionisregul ated by hy-
poxid®. Another member of thisfamily istheVEGFR-

3 (FIt-4), which bindsto VEGF-C and VEGF-D®!,
The receptors VEGFR-1 and 2 show different
properties of signal transduction. Theinteraction of
VEGFwith VEGFR-2iscritical for angiogenesis, how-
ever, the consequences of the pathway of VEGF medi-
ated by VEGFR-1 arenot yet fully established. During
embryogenesis, the expression of VEGFR-1 and
VEGFR-2 beginsat thetimeof formation of thevascu-
lar idets. Thus, the presence of homozygous mutants,
which inactivate these receptorsislethal becauseit
preventsthe devel opment of embrionyc vascul ature®.

ANGIOGENESISINHUMAN PLACENTA

Factorsrelated to theformation of blood vessels
play aprominent rolein the processof placentation and
fetal survival. Many of thesefactors, pro and anti-an-
giogeni ¢, have been described in human placentaand
other animals. However, their mechanismsof interac-
tion have not been established, their possible conse-
quencesand their molecular changesinvolved in many
pathologiesof pregnancy.

In human placenta, VEGF playsaroleof impor-
tancefor thedeve opment of villousvascul arization dur-
ingthefirst trimester of pregnancy, and placentaat term,
to maintain theintegrity and vascular permeability. In
thefirst trimester of pregnancy, thevascular growth fac-
tor isproduced by thetrophobl ast, showing higher ex-
pressioninvillouscytotrophoblast than the syncytiotro-
phoblast. Itspresenceintheextravilloustropholblastis
still questionable®®, In contrast, VEGFR-1 and
VEGFR-2 receptorsareexpressed by endothelid cells
of placentd villi, whereasVEGFR-1isalso expressed
in extravilloustrophoblast!'®. VVEGF derived from the
trophoblast cellsseemsto be paracrinefunction, acting
not only in remodeling and permeability of the uterine
microcirculation, but asointheformation of placenta
villi infetal vessdls, contributing totheeffectiveincrease
inmetabolic exchanges between the maternal and fetal
compartmentg*y.

MATERNAL HYPERGLYCEMIAANDAL -
TERATIONSOFPLACENTAL VASCULAR-
|ZATION

Angiogenesisisan essential component for there-
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productive processes and depend on the ovular im-
plantation of the blastocyst, organogenesisand placen-
tal devel opment and embryogenesiS*U. Faultsin any
component of thisprocessdeterminevasoproliferative
disordersand inappropriate angiogenesis, commonly
observed in many complications of thereproductive
cycle, including hypoxia, inflammatory diseases and
other syndromes. In many of these situations, angio-
genesisdoes not cause signs and symptoms, but has
direct effects on pathogenesisand prognosisof preg-
nancy!®.

In pregnancies complicated by diabetes, thereis
exposureof the materna organismto chronic hyperg-
lycemia, resulting in different metabolic disorders, in-
cludingwith regardto endothdlia proliferation, vascu-
lar growth and adhesion of pericytesd. Hencetheim-
portance of diagnosisand correct and early treatment
of hyperglycemic disordersin pregnancy.

Theoral test glucosetolerancetest (OGTT) isrec-
ommended to confirm the diagnosis of diabete in
preganacy'?. Neverthe ess, theliterature has been con-
sdering other formsof diagnosisof hyperglycemiadur-
ing pregnancy, considering that not only diabetes but
adsothemild hyperglycemiaor glucoseintoleranceshould
be diagnosed and treated during pregnancy> 2. The
association of OGTT and glucoseprofile(GP), applied
inpardld during pregnancy, showsagroup of pregnant
women, by thenormal responseto OGTT arenot dia-
betic, but which, sincethey changein PG fit the current
definition of mild hyperglycemia (TABLE 1).

TABLE 1: Diagnostic classification of Rudge!*>* in accor-
dancewith theresponsesto OGTT100g and GP

Groupsof pregnantswomen  OGTT100g GP
Not Diabetics/ normoglicemics Normal Normal
Mild Hyperglycemia Normal Altered
Gestational Diabetes Altered  Normal
Gestational or Onset Diabetes Altered  Altered

Thesewomen have been identified by Rudgeet al.
for over thirty years™ and, sincethen, havebeentreated
assuffering from gestationd diabetes?. Thisdiscov-
ery encouraged several specific searchesand differen-
tiated many perinatal and placenatal outcomesdirectly
dependent ontheintensity of maternd hyperglycemid®.
The placentasof pregnant women with mild hypergly-
cemiahavemorphologica changessmilar tothosewith
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diabetes, but have ahigher incidence of endarteritisthat
observed in placentas of diabetic pregnants?®l.

In contrast, the placental vascular changesare dif-
ferent between groupsof pregnant womenwith diabete,
or clinical or gestationa (OGGT 100g altered and nor-
mal or altered GP), and mild hyperglycemia(OGTT
100g normal and atered GP)™*. Inthisstudy, thepla-
centasof pregnant womenwith mild hyperglycemiawere
congtituted by numerousand small termind villousand
aso small and numerousvessds. Comparedtothepla
centas of non-diabetic, thisproliferation of vesselsand
villi resultedinincreased villousvascular areaand Smi-
larity in capillarization in theindex, withsignificant in-
crease of thesurface of maternad-fetd exchanges. These
results showed thevicariance of the placentato ensure
transport of oxygen and nutrientsto thefetus. In onset
and gedtational diabete, villousdimensonswerecom-
parableto those observed in placentas of nondiabetic
pregnant women, but with lessvascul ar area, depend-
ingonthetypeandintendty of materna hyperglycemia.
These changes marked developmental delay and fail-
ure of the placentato ensure the maternal-fetal ex-
change®,

The completion of thisstudy related the effects
of maternal hyperglycemia, from different back-
groundsand intensity, with normal or altered there-
sultsof the pulsatility index (Pl) inumbilical artery.
Glycemic control wasrelated to adequate maternal
placental flow of low resistance, confirmed by nor-
mal results of umbilical artery Doppler. Thisresult
was associated with placental vascular proliferation
and, according to the authors, should help ensure
the macrossomia and fetal oxygenation. The poor
maternal glycemic control wasassociated with lower
vascularity and consequent increasein placental vas-
cular resistance, confirmed by increased val ues of
umbilical artery PI. Thiscondition should favor the
growth restriction and fetal hypoxia?.

According to¥, theincreasein fetal -placental an-
giogenesisand In villous capillarization appearsto be
independent of disease severity. According to other au-
thors, the placentain diabetes suffer arange of func-
tional and structura changes dependent on anumber of
factorsincluding the severity of maternal hyperglyce-
miaduring organogenesisand placental development.
Apparently, these placentas have adaptationsto main-
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taintheir functiona capacity, facilitating the passage of
glucoseto thefetusand, consequently, fetal macroso-
mid®!, However, according to latest results, themore
severe hyperglycemiacan bealimiting factor for pla-
centd vascular proliferation, andinthiscondition, both
macrossomiaasfeta growth restriction may occur, as-
sociated with differentia risk of hypoxiaand perinatal
death(PD)19,

Fetal macrosomiaisresponsiblefor about 0.49%
of thePD and 11.4% of perinatal morbidity in pregnan-
ciesconcurrent with hyperglycemic disorderg®. On
the other hand, fetal growth restrictionisan anticipated
risk in pregnancies complicated with uncontrolled dia-
betes, usudly of long duration and associated with vas-
cular complications. Theattributablerisk (AR) of PD is
6.12% in pregnancies complicated by gestational or
onset diabete (OGTT100g and GP dtered) and 4.16%
in pregnant women with mild hyperglycemia
(OGTT100g normal and GP dtered). Hyperglycemia
and consequent changesin placenta vascularization.
Thus, materna glycemic control and thediagnosis of
intrauterine hypoxiawould bedecisivein preventing the
MPN in pregnancies associated with diabete and mild
hyperglycemid?®.,

Thereisno dataintheliterature concerning thefac-
torscontrolling the placental angiogenesisin pregnant
womenwith mild hyperglycemia. Overwhelmingly, the
studiesfocusexclusively onthegestational diabetesor
pre-pregnancy, where the vascul ar adaptation ispro-
portional to the hyperglycemiaof intrauterineenviron-
ment, afactor not always considered. Neverthel ess,
some results showed that placentasfrom womenwith
adequate glycemic control had increased expression of
fibroblast growth factor-2 (FGF-2) and lower expres-
sonof Ang-1,Ang-2, VEGF, VEGFR-1, VEGFR-2,
Tie-2 and FGFR, findings oppositeto those observed
in placentasform non-diabetic.

Sofar, theresults of theexpressionsof biomarkers
of placental angiogenesisin pregnanciescomplicated
by diabetesor mild hyperglycemiaarerare or nonex-
istent and, aboveal, extremely controversial. These
findingsjudtifiesthe search of someof thesebiomarkers
inthepresenceof hyperglycemiawith different severity
andorigin.

MARKER OF INFLAMMATIONAND PRO-
LIFERATIONAND CELL REGENERATION

The cyclooxygenases(COX), dsoknown asasyn-
thesizer prostaglandin endoperoxidase H (PGH
syntethase) isthe enzymerequired for the conversion
of arachidonic acid in prostaglandin (PG), being first
identified twenty yearsago. For many years, wasknown
only onetypeof enzyme cyclooxygenase, but asecond
enzymewasrecently discovered, and thenreffered to
as COX-1 (congtitutive) and COX-2 (induced). COX-
1and COX-2actindifferent physiologica and patho-
logica processesthat extend frominflammeationto neo-
plasid®.

The productsof arachidonic acid metabolism com-
priseaset of mediatorsto modul ate inflammatory and
immune response. These productsresult from oxida-
tion of thisacid under the action of phospholipaseA2
on cell membrane phospholipids. The oxidation of
arachidonic acidiscarried out by two enzymatic path-
ways: the cyclooxygenase, also known asPGH syn-
thase and lipoxygenase. The action of the
cycl ooxygenase enzyme system on themembrane phos-
pholipids convertsarachidonic acid to astable PG en-
doperoxide, PGG2, whichissubsequently reduced to
PGH2. This, then servesas substratefor the synthesis
of several other PGssuch asPGE2, PGD2 and PGF2a.
. The PGH2 can befurther converted into prostacyclin
(PGI2) and thromboxane (TXA2)122,

COX-1 (congtitutive) isan essentid enzymefor the
organism and are expressed in many tissues. Itiscon-
Sidered that isinvolved in the production of PGsthat
modulaephysologicd functionsindifferent organsand
cdlular systems, including kidney, gastrointestingl tract
and platelets. In contrast, COX-2 is undetectablein
most ti ssues, but can beinduced by proinflammatory
signas COX-2isasorelated to theproduction of PGs
that modul ate phys ol ogic eventsin devel opment and
cell growth and production of bacterial endotoxin
(liposaccharides), of somegrowth factorssuch astrans-
forming growth factor (TGF), factor epidermal growth
(EGF) and fibroblast growth factor (FGF), and
oncogenes?.

Under physiological conditions, COX-2 ispresent
inanunlimited fashioninthebrain and spina cord and
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may beinvolved in nervetransmission, particularly in
situations of pain and fever. PG produced viaCOX-2
play an important rolein therupture of thefollicleat
ovulation, probably mediated by direct generation or
by the activation of proteolytic enzymes. During preg-
nancy, arekey e ementsin ovumimplantation and an-
giogenesisnecessary for theformation of the placentd?!.
Regardless of gestational age, term or preterm, COX -
2isamarker of focusin the onset of uterine contrac-
tionsof laborl?3.

HYPERGLYCEMIC DISORDERSIN PREG-
NANCY AND CHRONIC INFLAMMATORY
PLACENTAL PROCESS

Chronicinflammation of the placentahas complex
diagnoss, whichinvolvesdifferent typesof immunecdls
inoneor moresites of the placentaand decidua. More
specificaly, thisentity isdefined aschronicinflamma:
tion of thevilli and theintervill ous space, characterized
by infiltration of mononudlear cdlsinthevilli or intervil-
lous space®,

Diabetesisknown to be accompanied by chronic
inflammeation of the placenta, especidly whenrdaedto
fetal growth restriction, preeclampsiaand extremepre-
maturity'??. However, onewonderswhat would bethe
basi saf thischronicinflammeation. Although chronic pla:
centd inflammation may berelaedto acongenitd vira
infection, thepredispositionto thistypeof infectionis
not confirmedin diabete. In contrast, theviral infection
has been suggested asacausa factor of diabetedueto
immunologicd aterations present in both pre-diabetic
condition such asdiabeteinstalled®.

Inliterature no resultswerefound ontheinvivo
expression of COX-2in placentd villi, which could re-
inforcethistheory of chronicinflammation and regen-
eration, especidly inpregnanciesassociated with diabete
or mild hyperglycemia This, perhaps, wasmoreacausd
factor of increasedrisk of fetal growth restrictionin cases
of difficult metabolic control. Only inexperimentd stud-
iesindiabeticrats, it wasidentified alower activity of
COX-2intheplacentain maformed fetuses compared
with normal fetuses of non-diabetic ratsduring organoc-
genesig® 21, K nowing that diabetes promotesanin-
flammatory environment during pregnancy, many stud-
ieshave determined the occurrence of ahigher expres-

> Rey/ew

sion of genesand receptorslinked to an increased pro-
duction of angiogenic andinflammatory mediatorsasa
means of restructuring in hyperglycemic states® I,
According Raddll et al. (2006), interleukin-1and TNF-
o induceto aplethoraresponsethat profoundly affect
theproduction of proteinsinthematrix cell. Thisleads
tofibrossand alossof integrity of placenta endothelid
cells. Thus, theauthorsbelievethat the expression of
certain proteinsin the placentaisresponsiblefor ad-
versefetal reprogramming that occursin pregnancies
that occur with diabete®. Moreover, PeroxisomeAc-
tivated Receptors (PPARS) actin lipid homeostasi sand
inflammation. Asdiabetesdemondrateshighinflamma:
tory environment, it isbelieved that thisreceptor plays
arolein pathophysology. Inthisstudy, theauthorsfound
that thereislessexpression of PPARS, but without &f-
fecting itsfraction boundto DNA. Thismay facilitate
the action of PPARson pro-inflammatory cytokines,
determining that environment in cases of diabete?.

Thus, giventhescarcity of invivo studiesinvolving
specifically, theexpression COX-2 in the placentaof
pregnant women with diabete, specific searchesarejus-
tified ontheroleof thisbiomarker in casesof fetal and
placenta devel opment in both pregnancieslow risk as
those complicated by hyperglycemic disorders.

MARKERSOFAPOPTOSIS

Apoptosisiscell death, induced by anintracel lular
program highly regulated, inwhich cellsdestinedto die
activate enzymesthat degrade the nuclear DNA and
cytoplasmic proteins. The plasmamembrane of thecdll
remainsintact, but itsstructureis changed and thusthe
apoptotic cell becomesprimary target of phagocytoss.
Thedead cell israpidly eliminated beforeits contents
could spill and thus, thistype of cell death does not
trigger thehost inflammatory reaction®”.

Apoptosisor programmed cell death isaprocess
different from necrosis. In apoptosis, thecellsgointo
self-destruction, for the body asawhole, survive. The
individua requiresthat new cellsaregenerated for the
mai ntenance of vital processes, in contrast, the super-
fluousor dtered cells, must be eliminated to safeguard
thewd | being of theorganism. Innecrosis, thecd | swells
and cytoplasmic organelles, particularly, mitochondria
are damaged and few changes occur in the nucleus.
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Thesechangesdlter theinterna baance, facilitating the
free passage of water andionsinto thecell, which ends
up breaking. Thereisactivation of theimmune system,
causing anintenseinflammatory reaction by release of
toxic cdlular. Thus, sometypesof white blood cells,
particularly neutrophilsand macrophages, convergein
the process of tissue necrosis and cause phagocytosis
of dead cells. Despite causing cellular damageto sur-
rounding regions, thisprocessisimportant in cases of
infectionsand dso for theremoval of cell debrig™.

Apoptosscan beinitiated from externd signasfrom
specific receptors on the cell surface, or by internal
stimuli of intracellular stress, such asultraviolet radia-
tion, chemotherapeuti c agents, absence of growth fac-
tors, low amount of nutrientsand increased levels of
reactive oxygen speciesand corticosteroids. Thesedif-
ferent pathways and molecular stimuli culminatewith
the activation of proteases call ed caspases (“Cystine
Aspartases”)i®l,

Caspases are present inthe cytosol inthe form of
inactive proenzymes and becomeactiveafter proteolytic
cleavage. Uptonow it has been described, at least 39
membersof thisfamily. The caspases, when activated,
havetheability to catalyze activation of other family
members, resultingin amplification of proteolytic cas-
cade. Some el ements, such as caspase 8, occupy the
proximal positioninthe cascade and act asinitiators
and regulators, others, such as caspase 3, are more
distal and act as effectors of cellular fragmentation.
Besides caspase 3, caspases 6 and 7 are considered
executors. Theother group isformed by theinitiator
caspases, which are part of caspases8, 9 and 10 and
possibly caspase 2, whose main roleisto enable the
executors®,

CELULARAPOPTOSISAND PREGNANCY

Inthedevelopment of normal pregnancies, thetro-
phoblast undergoeschangesinits structureto ensure
thenutrition and oxygenation of thefetus. During preg-
nancy, placenta apoptosisoccursespecidly inthethird
quarter, which may encourage obstetric complications®.
Trophobl astic abnormalities seemto permesateall the
eventsof pregnancy, promoting from inadequate pla-
centd implantation to different typesof abnormalities
that canresult in seriouscomplications, including, pre-

eclampsiaand preterm | abort®3, Theplacentd gpoptoss
has a so been studied in other obstetric complications
such as post-term pregnancy', recurrent miscar-
riage’® and fetal growth restriction’™,

HYPERGLYCEMIC DISORDERSIN PREG-
NANCY AND PLACENTALAPOPTOSIS

Sgarbosaet al. (2006), analyzed the balance be-
tween apoptosis and degree of expression of Bcl-2
(protein with antiapoptotic effect) in normoglycemic
pregnant and women with diabete and mild hypergly-
cemia. They found ahigh rate of apoptosisinwomen
with mild hyperglycemiacompared to women with
diabete®. Few other studies, most invitro, analyzed
therateof placental apoptosisin pregnancieswith hy-
perglycemial® 349, Moley (2001)*) showed that hy-
perglycemiapromotes best action of p53 and reduced
activity of glucosetransporters (GLUT 2 and 3), trig-
gering the mechanism of mitochondrial death cascade.
Invitro study, conducted in 2001 showed that cultures
of trophoblast cellsrespond to hyperglycemiaby in-
creasing therate of apoptosis*Y. Experimental study
aso determined that trestment of hyperglycemiainmice
preventstheembryotoxic effectsof glucoseinvivo, in-
cluding changesin apoptosi 4. Review conducted in
200914 addresses the associ ation between placental
apoptosisand occurrence of fetal malformations. The
materna diabetesinhibitsthe expression of the Pax3
geneand asaresult of thisaction, induces apoptosi s of
cardiac neurd crest and neuroepithelia cells, explain-
ingtheassociation of defectsin neura tubewith diabe-
tes.

Thesedataare a so controversial. Burleigh et al.
(2004) found no differenceintherate of cell deathin
trophoblastic tissue, evaluating five diabetic and
normoglycemicwomen®l. However, noneof thesestud-
ies correlated the possible pathwaysinvolvedinthis
process with theintensity of hyperglycemia. No one
knows for sure how this hyperglycemia triggers
apoptosis. In recent experimental study, Yang et al.
(2008), found that high blood glucosesignificantly re-
duces VEGF expressionin cultured primary endothe-
lial cellsof human umbilical vein. Moreover, the addi-
tion of VEGF in the culture of these cells, prevents
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gpoptos sby suppressing therate of Bax (pro-agpoptotic
factor) / Bcl-2 (anti-apoptotic factor) and activation of
Cagpase-3, and mitigate the generation of reactive oxy-
gen species and ca cium overproductionl. However,
invivo studiesare needed to confirm thisassociation.

FINAL CONSIDERATIONS

Inthisreview therewerefew invivorelevant stud-
iesaddressing changesinvascular proliferationand the
possible pathways involved (inflammatory and
gpoptotic) inthe placentaof pregnant womenwithdia-
betes. Sofar, the placental vascular changesfoundin
thesewomenindicateanimportant rolein thedefinition
of perinatal outcome and, possibly, apoptosisand in-
flammeation wereassociated. However, nothingissetin
relation to these potentia associationsand quality of
materna metabolic control. Thisgapisasoseeninre-
lation to adverse perinatal outcomes, common in preg-
nancy with poorly controlled diabetes.

Undoubtedly, theliteratureislackingin specific sud-
ies induding placentd vascularization and potentia path-
waysinvolved in pregnancies complicated by hyperg-
lycemiawithvaryingintensity. Thesestudieswill enrich
the knowledge about the pathophysiology of thisdis-
easeand especidly to help prevent therisk of perinatal
morbidity and mortality.
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