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Trophoblast physiology

“ Live et Let Live et Let DieDie””

profprof. Damir Roje. Damir Roje

Medicine, 2015/16

Apoptosis in a few words

�� programmed cell deathprogrammed cell death -- energy utilization processenergy utilization process

�� organisedorganised and and preciselyprecisely designeddesigned ireversibileireversibile processprocess mediatedmediated

byby cascadecascade like like activationactivation of of thethe caspasecaspase enzymesenzymes thatthat leadsleads cellcell

((stepstep byby stepstep) into ) into deathdeath

�� final product final product -- apoptotic body apoptotic body -- absence of inflammatory or immune absence of inflammatory or immune 

local or systemic reactions !!!!local or systemic reactions !!!!

CellCell diesdies byby exactlyexactly plannedplanned protocolprotocol forfor thethe ""higherhigher interestsinterests".".

signallingsignalling//initiatorinitiator caspasescaspases: 2,8,9,10: 2,8,9,10

effectoreffector//executionexecution caspasescaspases: 3,6,7: 3,6,7

HengartnerHengartner MO. The biochemistry of apoptosis. Nature 200MO. The biochemistry of apoptosis. Nature 20000..
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Apoptotic bodies
do not cause any
inflammatory or 

immune response !!!

~ 24 ~ 24 hourshours

APOPTOSISAPOPTOSIS PLACENTAPLACENTA

TThomashomas BartholinBartholin (1616(1616--1680): 1680): AnatomeAnatome ex ex omniumomnium veterumveterum

recentiorumquerecentiorumque observationibusobservationibus, 1673. , 1673. 

TROPHOBLAST / PLACENTA:TROPHOBLAST / PLACENTA:

�� trophoblasttrophoblast presentspresents thethe epitheliumepithelium of of placentalplacental villivilli

TROPHOBLAST / PLACENTA:TROPHOBLAST / PLACENTA:

�� trophoblasttrophoblast presentspresents thethe epitheliumepithelium of of placentalplacental villivilli

�� trophoblasttrophoblast hashas twotwo layerslayers

1. 1. singlesingle cellcell layerlayer

((basalbasal membrane): membrane): cytotrophoblastcytotrophoblast (CTB)(CTB)

2. 2. multinuclearmultinuclear layerlayer: : syncyciotrophoblastsyncyciotrophoblast (STB)(STB)

(in (in directdirect contactcontact withwith maternalmaternal bloodblood))

cytotrophoblastcytotrophoblast syncyciotrophoblastsyncyciotrophoblast

fetalfetal capillariescapillaries

intervillousintervillous spacespace

((maternalmaternal bloodblood))

MeasuringMeasuring markmark 25 um25 um

trophoblasttrophoblast presentspresents thethe epitheliumepithelium of of placentalplacental villivilli Trophoblast as the epithelium

�� eacheach epitheliumepithelium releasesreleases agedaged and/or and/or deaddead cellscells overover time time 

�� IMPORTANT: in IMPORTANT: in thethe trophoblasttrophoblast casecase, , thatthat meansmeans releasingreleasing

cellscells into into intervillousintervillous spacespace ((maternalmaternal circulationcirculation!)!)
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Trophoblast as the epithelium

�� eacheach epitheliumepithelium releasesreleases agedaged and/or and/or deaddead cellscells overover time time 

�� IMPORTANT: in IMPORTANT: in thethe trophoblasttrophoblast casecase, , thatthat meansmeans releasingreleasing

cellscells into into intervillousintervillous spacespace ((maternalmaternal circulationcirculation!)!)

ApoptosisApoptosis as as thethe ““ tricktrick solutionsolution ””

ApoptoticApoptotic bodiesbodies do do notnot causecause anyany inflammatoryinflammatory or or immuneimmune responseresponse !!!!!!

SyncyciotrophoblastSyncyciotrophoblast is is apoptoticapoptotic tissuetissue

generatedgenerated fromfrom cytotrophoblastcytotrophoblast

Apoptosis - trophoblast

Apoptosis - trophoblast

�� trophoblasttrophoblast lifelife cyclecycle beginsbegins withwith thethe cytotrophoblastcytotrophoblast (CTB) (CTB) stemstem cellcell

proliferationproliferation �� activationactivation of of apoptosisapoptosis in some of in some of thethe newlynewly formedformed

cellscells byby activationactivation of of caspasecaspase 8 .... 8 .... 

�� ... ... whatwhat is is preconditionprecondition forfor theirtheir furtherfurther differentiationdifferentiation and and fusionfusion in in 

thethe syncytiotrophoblastsyncytiotrophoblast (STB) (STB) structurestructure

undifferentiatedundifferentiated

stemstem cellcell

cytotrophoblastcytotrophoblast (CTB)(CTB)

proliferationproliferation

initiatininitiatin stagesstages

of of apoptosisapoptosis

in CTBin CTB

initiationinitiation stagesstages

of CTB of CTB apoptosisapoptosis

induceinduce syncytialsyncytial fusionfusion

BclBcl--2 & 2 & mclmcl--11

temporarilytemporarily inhibitsinhibits

progressionprogression ofof

syncytialsyncytial apoptosisapoptosis

laterlater progressionprogression

of of syncytialsyncytial apoptosisapoptosis

extrusionextrusion ofof

accumulatedaccumulated

apoptoticapoptotic nucleinuclei

((syncytioalsyncytioal knotsknots))

SyncytialSyncytial knotsknots are are releasedreleased to to thethe maternalmaternal
venousvenous circulationcirculation, , wherewhere theythey are are eliminatedeliminated
byby pulmonarypulmonary macrophagesmacrophages..

HuppertzHuppertz B, i sur. Apoptosis and its role in the B, i sur. Apoptosis and its role in the trophoblasttrophoblast.. Am J Am J ObstetObstet GynecolGynecol 2006.2006.

structuralstructural signssigns ofof

syncytialsyncytial degenerationdegeneration

initiationinitiation stagesstages

of CTB of CTB apoptosisapoptosis

in in preparationpreparation

of of nextnext fusionfusion

TROPHOBLAST LIFE CYCLETROPHOBLAST LIFE CYCLE

Trophoblast life cycle presents slow apoptotic
process lasting for few weeks instead ~24 hours

ExtremelyExtremely strongstrong antiapoptoticantiapoptotic activityactivity !!

Trophoblast apoptosis

�� trophoblasttrophoblast apoptosisapoptosis doesdoes notnot representrepresent ((onlyonly) ) itsits deathdeath

�� trophoblasttrophoblast apoptosisapoptosis is is specificspecific becausebecause itit is is thethe veryvery basisbasis of of 

trophoblasttrophoblast formationformation, , developmentdevelopment and and functionfunction; in a word, ; in a word, itit

presentspresents thethe trophoblaststrophoblasts lifelife

ApoptosisApoptosis as as thethe ““ tricktrick solutionsolution ””

ApoptoticApoptotic bodiesbodies do do notnot causecause anyany inflammatoryinflammatory or or immuneimmune responseresponse !!!!!!
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…… diesdies forfor livingliving

…… liveslives throughthrough dyingdying

Trophoblast life cycle presents slow apoptotic
process lasting for few weeks instead ~24 hours No. of No. of publishedpublished paperspapers

((PubMedPubMed –– keykey wordswords : : trophoblasttrophoblast , , apoptosisapoptosis ))

n

Heazell AE, Crocker IP. Live and let die –
regulation of villous trophoblast apoptosis in

normal and abnormal pregnancies. Placenta 2008.

TERM TERM ““APOPTOSISAPOPTOSIS”” FOR THE FIRST TIME IN THE LITERATURE: FOR THE FIRST TIME IN THE LITERATURE: Kerr JFKerr JF. i sur. . i sur. Apoptosis: a basic biological Apoptosis: a basic biological 
phenomenon with widephenomenon with wide--ranging implications in tissue kinetics. Br J Cancer 1972ranging implications in tissue kinetics. Br J Cancer 1972..

TERM TERM ““TROPHOBLAST APOPTOSISTROPHOBLAST APOPTOSIS”” FOR THE FIRST TIME IN THE LITERATURE : FOR THE FIRST TIME IN THE LITERATURE : SakuragiSakuragi N. i sur. N. i sur. DifferentiationDifferentiation--
dependentdependent expressionexpression of of thethe BCLBCL--2 proto2 proto--oncogeneoncogene in in thethe human human trophoblasttrophoblast lineagelineage. J . J SocSoc GynecolGynecol InvestigInvestig. 1994.. 1994.

07. 06. 2013.

Trophoblast apoptosis:

�� spiralspiral arteriesarteries remodelingremodeling ((byby trophoblasttrophoblast invasioninvasion))

�� preeclampsiapreeclampsia and/or HELLP sindromeand/or HELLP sindrome

�� IUGRIUGR

�� AntiphospholipidAntiphospholipid syndromesyndrome

twotwo typestypes ofof
““ extravillousextravillous trophoblasttrophoblast ””

““ interstitialinterstitial
trofoblasttrofoblast ””
apoptosisapoptosis &&

syncytiogenesis

proliferationproliferation ��

““ endovascularendovascular
trophoblasttrophoblast ””

invadinginvading
decidualdecidual

interstitiuminterstitium

spiralspiral
arteriesarteries
invasioninvasion

Process is controlled by endovascular trophoblastProcess is controlled by endovascular trophoblast. . TrophoblastTrophoblast
replacesreplaces mmaternal endotheliumaternal endothelium in spiral and distal 1/3 of radial arteriesin spiral and distal 1/3 of radial arteries..

SPIRAL ARTERIES TRANSFORMATIONSPIRAL ARTERIES TRANSFORMATION

HuppertzHuppertz B et al . AJOG 2006.B et al . AJOG 2006.

Extravilous trophoblast invasion and apoptosis

Preeclampsia & HELLP syndrome

trophoblast apoptosis
YES!YES!

Am J Am J ObstetObstet GynecolGynecol 2001.2001.
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Inappropriate trophoblast apoptosis vs . 
preeclampsia & HELLP syndrome

�� DIRECT CAUSE (I. & II. DIRECT CAUSE (I. & II. trimestertrimester -- extravillousextravillous trophoblasttrophoblast ): ): 
impaired placentation resulting in hypoxic, mechanical, and ? 
trophoblast damage

�� INDIRECT CAUSE (II. & III. INDIRECT CAUSE (II. & III. trimestertrimester -- villousvillous trophoblasttrophoblast ): ): 

enhanced, accelerated and incomplete trophoblast apoptosis:

� “aponecrosis” � release of biologically “non inert” material in 
the intervilous space (mothers bloodstream) � ….

� systemic inflammatory and immune response � ….

� preeclampsia, HELLP syndrome, eclampsia, ....

KaufmannKaufmann P et al. P et al. BiologyBiology of of ReproductionReproduction 2003.2003.
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Inappropriate trophoblast apoptosis vs . 
preeclampsia & HELLP syndrome

�� DIRECT CAUSE (I. & II. DIRECT CAUSE (I. & II. trimestertrimester -- extravillousextravillous trophoblasttrophoblast ): ): 
impairedimpaired placentationplacentation and and spiralspiral arteryartery remodelingremodeling resultingresulting in in hypoxichypoxic, , 
mechanicalmechanical, and ? , and ? trophoblasttrophoblast damagedamage

�� INDIRECT CAUSE (II. & III. INDIRECT CAUSE (II. & III. trimestertrimester -- villousvillous trophoblasttrophoblast ): ): 
enhancedenhanced, , acceleratedaccelerated and and incompleteincomplete trophoblasttrophoblast apoptosisapoptosis::

�� ““ aponecrosisaponecrosis ”” �� releaserelease of of biologicallybiologically ““nonnon inertinert”” materialmaterial in in thethe
intervilousintervilous spacespace ((mothersmothers bloodstreambloodstream) ) �� ……..

�� systemicsystemic inflammatoryinflammatory and and immuneimmune responseresponse �� ……..

�� preeclampsiapreeclampsia, HELLP , HELLP syndromesyndrome, , eclampsiaeclampsia, ...., ....

KaufmannKaufmann P et al. P et al. BiologyBiology of of ReproductionReproduction 2003.2003. KaufmannKaufmann P et al. P et al. BiologyBiology of of ReproductionReproduction 2003.2003.

��??

Macrophages from the spiral arteries wallsMacrophages from the spiral arteries walls ((through TNFthrough TNF --ɑɑ))
encourage trophoblast apoptosis reducing its activityencourage trophoblast apoptosis reducing its activity

WHO IS TO BLAME?WHO IS TO BLAME?

Is the Is the specificity of mother'sspecificity of mother's inflammatoryinflammatory

responseresponse real cause of the spiral arteriesreal cause of the spiral arteries

transformation efficacy thattransformation efficacy that consequently consequently 

determinates the incidencedeterminates the incidence of preof pre--eclampsiaeclampsia??

(Genetic factor of preeclampsia?)(Genetic factor of preeclampsia?)

TNFTNF--ɑɑ is one of is one of thethe factorsfactors thatthat cancan initiateinitiate apoptosisapoptosis byby extrinsicextrinsic pathwaypathway

HuppertzHuppertz B et al . AJOG 2006.B et al . AJOG 2006.

InappropriateInappropriate trophoblasttrophoblast apoptosisapoptosis vsvs . . preeclampsiapreeclampsia
& HELLP & HELLP syndromesyndrome �� INDIRECT CONSEQUENCEINDIRECT CONSEQUENCE

PhysiologyPhysiology ::

�� 150 000 150 000 syntitialsyntitial knotsknots / / dayday
�� 3,1g 3,1g trophoblasttrophoblast
�� 3,4% of total 3,4% of total trophoblasttrophoblast massmass

(90g in (90g in averageaverage termterm placenta)placenta)

BasicBasic structurestructure of of thethe VillousVillous TreesTrees. U: . U: BenirschkeBenirschke K, K, KaufmannKaufmann P, P, BaergenBaergen R. (R. (UrUr):):
PathologyPathology of of thethe Human Placenta, New York, Human Placenta, New York, SpringerSpringer, 2006:50, 2006:50--120.120.

PreeclampsiaPreeclampsia ::
�� �� syncyciotrofoblastsyncyciotrofoblast microparticlesmicroparticles in in 

mothersmothers bloodstreembloodstreem

�� �� freefree fetalfetal DNA in DNA in mothersmothers bloodstreembloodstreem
�� changeschanges macrophages activity in the mothers macrophages activity in the mothers 

lungs in promotion of immune tolerancelungs in promotion of immune tolerance
�� stronglystrongly encouragesencourages mothersmothers systemicsystemic

inflammatoryinflammatory responseresponse

InappropriateInappropriate trophoblasttrophoblast apoptosisapoptosis vsvs . . preeclampsiapreeclampsia
& HELLP & HELLP syndromesyndrome �� INDIRECT CONSEQUENCEINDIRECT CONSEQUENCE
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PhysiologyPhysiology ::
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InappropriateInappropriate trophoblasttrophoblast apoptosisapoptosis vsvs . . preeclampsiapreeclampsia
& HELLP & HELLP syndromesyndrome �� INDIRECT CONSEQUENCEINDIRECT CONSEQUENCE

physiologyphysiology : : preeclampsiapreeclampsia

trofoblasttrofoblast
apoptosisapoptosis

trophoblasttrophoblast
necrosisnecrosis

((aponecrosisaponecrosis))
::

HELLP syndrome : preeclampsia

Conclusion:
� increased trophoblast apoptosis
� increased cytotrophoblast proliferation
� reduced FasL expression in trophoblast

� … could be involved in pathophysiological mechanisms
of preeclampsia.

Acta Acta ObstetObstet GynecolGynecol ScandScand 2011.2011.

•• blueblue –– antiapoptoticantiapoptotic factorsfactors
•• red red –– proapoptoticproapoptotic factorsfactors

BiggerBigger lettersletters meanmean higherhigher impactimpact!!!!
HeazellHeazell AEP et al, Placenta 2009.AEP et al, Placenta 2009.

GeneticGenetic predispositionpredisposition??

Inappropriate trophoblast apoptosis vs . 
preeclampsia & HELLP syndrome

TrophoblastTrophoblast apoptosisapoptosis and IUGRand IUGR

YesYes!!

Am J Am J ObstetObstet GynecolGynecol 1997.1997.
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PREECLAMPISA AND/OR IUGRPREECLAMPISA AND/OR IUGR
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�� increasedincreased apoptoticapoptotic indexindex valuevalue in in trophoblasttrophoblast in in placentasplacentas fromfrom

pregnanciespregnancies complicatedcomplicated byby preeclampsiapreeclampsia / IUGR/ IUGR

(0,12%(0,12%--4,2%) : (0,06% 4,2%) : (0,06% –– 0,74%)0,74%)

ErelErel CT, i sur. Int J CT, i sur. Int J GynaecolGynaecol ObstetObstet 2001.2001.

LevyLevy R, i sur. Am J R, i sur. Am J ObstetObstet GynecolGynecol 2002.2002.

IshiharaIshihara N, i sur. Am J N, i sur. Am J ObstetObstet GynecolGynecol 2002.2002.

AustgulenAustgulen R, i sur. J R, i sur. J ReprodReprod ImmunolImmunol 2004.2004.

BarrioBarrio E, i sur. J E, i sur. J PediatrPediatr EndocrinolEndocrinol MetabMetab 20042004

SmithSmith SC, i sur Am J SC, i sur Am J ObstetObstet GynecolGynecol 1997.1997.

AxtAxt R, R, KordinaKordina AC, i sur. AC, i sur. ClinClin Exp Exp ObstetObstet GynecolGynecol 1999.1999.

AllaireAllaire AD, i AD, i usrusr. . ObstetObstet GynecolGynecol 2000.2000.

LeungLeung DN, i sur. Am J DN, i sur. Am J ObstetObstet GynecolGynecol 2001.2001.

Trophoblast apoptosis
preeclampia and/or IUGR

Trophoblast apoptosis – IUGR

�� As IUGR and As IUGR and preeclampsiapreeclampsia frequentlyfrequently coincidecoincide, most , most studiesstudies havehave notnot
consideredconsidered themthem in separate in separate wayway, but , but investigatedinvestigated themthem as a as a unitunit..

BarrioBarrio E, et al. E, et al. IntrauterineIntrauterine growthgrowth retardationretardation: : studystudy of of placentalplacental apoptosisapoptosis. J . J PediatrPediatr EndocrinolEndocrinol MetabMetab 2004.2004.
IshiharaIshihara N, et al. N, et al. IncreasedIncreased apoptosisapoptosis in in thethe syncytiotrophoblastsyncytiotrophoblast in human in human termterm placentasplacentas complicatedcomplicated byby eithereither
preeclampsiapreeclampsia or or intrauterineintrauterine growthgrowth retardationretardation. Am  J . Am  J ObstetObstet GynecolGynecol 2002.2002.
EndoEndo H, et al. H, et al. FrequentFrequent apoptosisapoptosis in in placentalplacental villivilli fromfrom pregnanciespregnancies complicatedcomplicated withwith intrauterineintrauterine growthgrowth
restrictionrestriction and and withoutwithout maternalmaternal symptomssymptoms. Int J Mol Med 2005.. Int J Mol Med 2005.

�� TheThe proliferativeproliferative and and apoptoticapoptotic eventsevents in in thethe trophoblasttrophoblast of of placentasplacentas
withwith idiopathicidiopathic IUGR do IUGR do notnot differdiffer fromfrom physiologicphysiologic onesones..

Roje D, et al. Roje D, et al. TrophoblastTrophoblast apoptosisapoptosis in human in human termterm placentasplacentas fromfrom pregnanciespregnancies complicatedcomplicated
withwith idiopathicidiopathic intrauterineintrauterine growthgrowth retardationretardation. J . J MaternMatern FetalFetal NeonatalNeonatal Med. 2011.Med. 2011.

TrophoblastTrophoblast apoptosisapoptosis –– idiopaticidiopatic IUGRIUGR

“Urbi et orbi”

�� AfterAfter thethe initiationinitiation of of apoptosisapoptosis, , cellscells announceannounce to to thethe othersothers thatthat

a a processprocess startedstarted

�� One of One of thethe most most importantimportant signssigns is a change in is a change in thethe membrane membrane 

structurestructure ... ... 

�� ... ... negativelynegatively chargedcharged phospholipidsphospholipids are are movedmoved to to thethe outsideoutside of of 

thethe membrane and are "membrane and are "exposedexposed" (" (phosphatidylphosphatidyl serineserine))

What about heparin in this situation?

HillsHills FA, i sur. FA, i sur. HeparinHeparin preventsprevents programmedprogrammed cellcell deathdeath in human in human trophoblasttrophoblast. Mol Hum . Mol Hum ReprRepr 2006.2006.

�� HeparinHeparin in in vitrovitro prevents apoptosis induction by prevents apoptosis induction by trophoblasttrophoblast

antiphospholipidantiphospholipid antibodies and increases antibodies and increases trophoblaststrophoblasts

invasivenessinvasiveness

�� AAlthough the same anticoagulant effect of similar anticoagulant lthough the same anticoagulant effect of similar anticoagulant 

drugs (hirudin and fondaparin) only heparin reduces the risk of drugs (hirudin and fondaparin) only heparin reduces the risk of 

spontaneous abortion in mice,spontaneous abortion in mice,

Bose P. i sur. Bose P. i sur. AdverseAdverse affectsaffects of of lupuslupus antikoagulantantikoagulant positivepositive bloodblood serasera onon
placentalplacental viabilityviability cancan bebe preventedprevented byby heparinheparin in in vitrovitro. Am J . Am J ObstetObstet GynecolGynecol 2004.2004.

Heparin – apoptosis – anticoagulant?

GirardiGirardi G. i sur. G. i sur. HeparinHeparin preventsprevents antiphospholiipidantiphospholiipid antibodyantibody--inducedinduced
fetalfetal lossloss byby inhibitinginhibiting complementcomplement activationactivation. Nat Med 2004.. Nat Med 2004.

�� NK (natural killer) cells supressionNK (natural killer) cells supression

�� cutting down neutrophils adhesion abilitycutting down neutrophils adhesion ability

�� antagonistic effect on the interferon gamma signaling effectantagonistic effect on the interferon gamma signaling effect

�� heaprin inhibits complement activationheaprin inhibits complement activation

�� heparin amplifies the effect of several growth factors heparin amplifies the effect of several growth factors 
(hepatocyte growth factor, epidermal growth factor, heparin bind(hepatocyte growth factor, epidermal growth factor, heparin binding ing 

and fibroblast growth factor)and fibroblast growth factor) that have significant role in the that have significant role in the 

invasiveness of trophoblastinvasiveness of trophoblast

““ OtherOther ““ antianti --inflammatoryinflammatory and and immunomodulatoryimmunomodulatory
biologicalbiological heparinheparin effectseffects ::

HillsHills FA, i sur. FA, i sur. HeparinHeparin preventsprevents programmedprogrammed cellcell deathdeath in human in human trophoblasttrophoblast. Mol Hum . Mol Hum ReprRepr 2006.2006.
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Apoptosis in the peri-implantation period 

�� appositionapposition : : inhibitedinhibited apoptoticapoptotic activityactivity of of thethe endometriumendometrium

aroundaround embryoembryo �� embryoembryo secretessecretes antiapoptoticantiapoptotic factorsfactors

�� adhesionadhesion ((vicevice versaversa ): ): amplificationamplification of of endometrialendometrial apoptoticapoptotic

activityactivity aroundaround �� embryoembryo secretessecretes proapoptoticproapoptotic factorsfactors

Modulating the secretion of pro and anti apoptotic factorsModulating the secretion of pro and anti apoptotic factors
embryo controls decidual apoptotic activity at the paracrine levembryo controls decidual apoptotic activity at the paracrine levelel

StraszewskiStraszewski--ChavezChavez SL et al. SL et al. EndocrineEndocrine ReviewsReviews 2005.2005.

Where from endovascular trophoblast
comes in the spiral arteries lumen ?

PossiblyPossibly ProbablyProbably

KaufmannKaufmann P et al. P et al. BiologyBiology of of ReproductionReproduction 2003.2003.

Connection between apoptosis
and antiphospholipide syndrome

�� apoptoticapoptotic cellscells as antigenas antigen forfor existingexisting antiphospholipidantiphospholipid

antibodiesantibodies

�� apoptoticapoptotic cellscells as as immunogenimmunogen forfor thethe developmentdevelopment of of 

antiphospholipidantiphospholipid syndromesyndrome

RauchRauch J i sur. J i sur. ApoptosisApoptosis and and thethe AntiphospholipidAntiphospholipid syndromesyndrome. . JournalJournal of of AutoimunityAutoimunity 2000.2000.

Trophoblast apoptosis –
preeclampia and/or IUGR

�� NumerousNumerous studiesstudies havehave shownshown thatthat thethe trophoblasttrophoblast
apoptoticapoptotic activityactivity is more is more pronouncepronounce in in thethe placentasplacentas fromfrom::

�� preeclampsiapreeclampsia

and/orand/or

�� IUGRIUGR

AllaireAllaire AD, at al. AD, at al. PlacentalPlacental apoptosisapoptosis in in preeclampsiapreeclampsia. . ObstetObstet GynecolGynecol 2000.2000.
ErelErel CTetCTet al. al. ApoptosisApoptosis in in thethe placenta of placenta of pregnanciespregnancies complicatedcomplicated withwith IUGR.IUGR.
Int J Int J GynaecolGynaecol ObstetObstet 2001.2001.
AustgulenAustgulen RetRet al. Preal. Pre--eclampsiaeclampsia associatedassociated withwith increasedincreased syncytialsyncytial apoptosisapoptosis
whenwhen thethe infantinfant is is smallsmall--forfor--gestationalagegestationalage. J . J ReprodReprod ImmunolImmunol 2004.2004.
LeungLeung DN, et al. DN, et al. IncreasedIncreased placentalplacental apoptosisapoptosis in in pregnanciespregnancies complicatedcomplicated byby
preeclampsiapreeclampsia. Am J . Am J ObstetObstet GynecolGynecol 2001.2001.

Roje D, et al. J Roje D, et al. J MaternMatern FetalFetal NeonatalNeonatal Med 2011.Med 2011.

Trophoblast apoptosis and 
idiopathic IUGR
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apoptoticapoptotic activityactivity

BclBcl--2 2 immunoreactivityimmunoreactivity
apoptiticapoptitic activityactivity

NO!NO!
Placenta 2006.Placenta 2006.

Trophoblast apoptosis and 
idiopathic IUGR
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How does aspirin works ?

�� Aspirin inhibits nitrogen (II) oxide (NO) synthesisAspirin inhibits nitrogen (II) oxide (NO) synthesis

�� Because oxidative stress is the initiator and promoter of trophoBecause oxidative stress is the initiator and promoter of trophoblast blast 

apoptosis, ...apoptosis, ...

... mechanism of ... mechanism of aspirin aspirin actionaction is probably in the regulation of redox is probably in the regulation of redox 

processes associated with placental apoptosis.processes associated with placental apoptosis.

Bose P st all. Bose P st all. HeparinHeparin and aspirin and aspirin attenuateattenuate placentalplacental apoptosisapoptosis in in vitrovitro: : 
implicationsimplications forfor earlyearly pregnancypregnancy failurefailure. Am J . Am J ObstetObstet GynecolGynecol 2005.2005.

E

L

T

Aspirin action is not exclusively related to platel et activity!Aspirin action is not exclusively related to platel et activity! ......
... although activated platelet changes the structure of its mem... although activated platelet changes the structure of its membranebrane

the same way as the apoptotic cell does.the same way as the apoptotic cell does.


