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ABSTRACT Recurrent pregnancy loss usually results from disorders that cause intrauterine fetal damage, such as maternal or
paternal chromosomal abnormalitidbout 15 to 20 percent of all recognized pregnancies end in a first- trimester spontaneous
abortion. Parents who are carriers of structural abnormaiidies a higher risk of miscarriage because of the aberrations in
genetic information may not segregate properly into the reproductiveTdg@ismay be due to translocations, inversions,
deletions, and duplications causing pregnancy loss. It is believed that between 3 and 5 percent of recurrent miscarriages are due
to genetic factors, about 7 percent are caused by chromdséects, 15 percent to hormonal defects, and 10 to 15 percent to
anatomicatlefectsThe most common cause of early pregnancy losses are chromosomal abnormalities that occur by chance,
except in the case of parental chromosomal rearrangements and are not under any controllable ifflisaevésy focuses

on the genetic and molecular abnormalities that may contribute to this clinical problem and delineates strategies for genetic
evaluation and clinical management in subsequent pregnancies

INTRODUCTION evaluation and clinical management in subse-
guent pregnancies.

Pregnancy loss is a common problem which  Theproposed causes of RPL are parental
results in the spontaneous loss of a pregnancghromosomal abnormalitiesterine anatomic
before 24 weeks’ gestation, when the foetus hasanomalies, endometrial infections, endocrine
a chance of survival outside the womb. Recur etiologies (leuteal phase defect, thyroid dysfunc-
rent Pregnancy Loss (RPL) is defined as two ottion, uncontrolledliabetes mellitus), antiphos-
more consecutivepontaneous abortions. RPL pholipid syndrome, inherited thrombophilias,
affects about 1 percent of the child-beapogu-  alloimmune causes and environmental factors
lation and presents couples with this disorder(Kutteh 1999) as mentioned Table 1 Among
of formidablechallenge in successfully having the variouproposed etiologies, genetic factors
a family (Ford and Schust 200®RIthough a  appear to be highly associated with reproduc-
few cases of RPL are sporadic, most couples extive loss (Byrne et al. 1994; Sierra artdfhen-
perience genetic basis as a challenging clinicakon 2006).
dilemma.A variety of possible etiologies have  Table 2 shows numerical and structural varia-
been described for both sporadic and RRtay  tions in the chromosomes resulting RElhro-
et al. 1984). Using the very sensitive pregnancymosome abnormalities are the cause for preg-
tests that are available noivis known that one  nancy loss in 50 to 80 percent of cases, depend-
out of two pregnancies end in very early mis-ing on maternal age and gestational age at time
carriage (Macklon et al. 2002). In the past theof the loss loggeet al.2003. Cytogenetically
majority of these would have been passéa®f ab-normal embryos are usually aneuploid be-
late or heavy menses. Even after a clinically di-cause of sporadic events, such as meiotic non-
agnosed pregnanogne out of 5- 6 pregnancies disjunction, or polyploid from fertilization ab-
end in a miscarriage betweefidnd 20 week  normalities.Incidence of numerical and struc-
of gestation Gracia et al. 200p This review tural chromosome abnormalities in spontane-
focuses on the genetic abnormalities and moous abortuses is reported to be almost half
lecular factors that may contribute to this clini- (47.9%) ,9.8 percent, polyploid (mostly triploid)
cal problem and delineates strategies for geneti8.6 percent 45, X, and 26.8 percent trisomic for
one or another chromosome (Miller aflker
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Table 1: Etiologies of pegnancy loss

Genetic Causes

(0]
(0]
(0]
(0]
(0]
(0]

o}
Immunologic Cause®
o}

Anatomic Causes

Infectious Causes

Environmental o]

Endocrine Factors

Hematologic Disaders
o

Aneuploidy

Somatic

Sex chromosome

Mendelian disorders
Multifactorial disorders
Parental chromosomal
abnormalities (translocations)
Chromosomal inversions.
(Sullivan et al. 2004)
Autoimmune causes (Festin et
al. 2007)

Alloimmune causegPorter and
Scott2000)

Uterine mdllerian anomaly
Uterine septum (the anomaly
most commonly associated with
pregnancy loss)

Hemiuterus (unicornuate uterus)
Bicornuate uterus
Diethylstilbestrol-linked
condition

Acquired defects (eg\sherman
syndrome)

Incompetent cervix
Leiomyomas

Uterine polyps.

(Saravelos and Cocksedge
2010.)

Listeria monocytogenes,
Toxoplasma gondijirubella,
herpes simplex virus (HSV),
measles, cytomegalovirus, and
coxsackieviruses. (Ford and
Schust 2009).

Smoking

Excessive alcohol consumption
Caffeine (Mbeke 2003)

Diabetes mellitus
Antithyroid antibodies
Luteal phase deficiency
(Arredondo andNoble2006

Thromboplilia
(Robertson et al. 2006)

in the first trimester as summarizedTiable 3.
They may arisée novdbecause of meiotic non-
disjunction during gametogenesis in parentsof structural abnormalities and can be balanced
with normal karyotypes (Lebedev and Nazaren-or unbalanced (Midro et al. 1991). Slightly more
ko 2001).Viable trisomies have been observedthan one half of unbalanced rearrangements re-
for chromosomes 13, 16, and Zurner synd-
rome is frequently observed and most commortranslocations and the rest aréeenovoduring

sex chromosomal abnormality which accountsgametogenesis. In reciprocal translocations,
for 20-25 percent of cytogenetically abnormal there is an exchange of material between non-
abortuses (Uematsu et al. 200Rjploidy and
tetraploidy are related to abnormal fertilization 2004).The unbalanced distribution of the chro-
and are not compatible with lif@riploidy is
found in 16 percent of abortions, with fertiliza- partial trisomy for one chromosome and partial
tion of a normal haploid ovum by dispermy as monosomy for the other chromosome. Balanced

Table 2: Numerical and structural chromosomal
variations in the abortus resulting in recurrent pregnancy
loss

Numerical Trisomy 21 Stephenson et al.

variations Trisomy 13 2002
in chromo- Trisomy 18 Diego-Alvarez et
somes 45, XO al. 2006.
47, XXY Dubey et al2005
45,X/46,X
45,X/47 XXX
45,X/45,i(X)/46,XY
Sructural 46,XX/46X,r(X) Vajira et al. 2009
variations 46,XX/47,XX,+17 Dubey et al. 2005

in chromo- 46,XY/47,XX,+marker

somes 46,XX,dup(4) (129-g21)
46,XY,del(12) (q13-q14)
46,XX,1(7;14) (936;91.2)
46,XY,inv(9) (p11;913)
46,XX,22pstk+*
46,XX,9gh+*
46,XX,13ps+,14ps+*
46,XX,14ps+*
46,XY,14ps+*
46,XX,15p+*
46,XX,21ps+*
46,XX,22ps+*
46,XY,14ps+,21ps+*

Dup- duplication, del-deletion, inv- inversion, *Polymorphic
chromosomal variants

This table referes only to the Numerical and structural
chromosomal variations in the abortus resulting in recurrent
pregnancy lossThe other factors ar mentioned in the
manuscript.

the primary pathogenic mechanism (Zaragoza
et al. 2000)Tetraploidy occurs in approximately
8 percent of chromosomally abnormal abortions,
resulting from failure of an early cleavage divi-
sion in an otherwise normal diploid zygote.
Structural chromosomal abnormalities occur in
approximately 3 percent of cytogenetically ab-
normal abortuse3.hese problems in men often
leads to low sperm concentrations, abnormal
sperms or teratozoospermia male infertiléyd
therefore, a reduced likelihood of pregnancy and
increased miscarriage (Puscheck et al. 2007).
Translocations are the most common types

sult from abnormal segregation of Robertsonian

homologous chromosomes (Ogasawetral.

mosomes involved in the translocation, leads to
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Table 3: Sructural chr omosome abnormalities of the carriecouples with repeated miscarriage

Female

Male Refeences

Recipocal
Translocations

Robertsonian
Translocations

Pericentric
Inversions

Paracentric
Inversions

46,XX,t(14;X)(q11;912)
46,XX, t(7;10)(p21;p13)
46,XX, t(4:6)(q35.2;q12)
46,XX, t(3;6)(q12;q12)
46,XX, t1(4;6)(931.3;921)
46,XX, t(8;11)(q11.23;q24.2)
46,XX, 1(2;6)(q33;G23)
46,XX, 1(7;18)(q1.21;021.1)
46,XX, 1(2;4)(q36.3;q13.3)
46,XX, t(4;9)(q35;g31)
46,XX, t(1;6)(q42.1;924.2)
46,XX, 1(8;12)(q22;022)
46,XX, t(4:15)(q33; q26)
46,XX, t(7;10)(931.2;923.2)
46,XX, t(11;12)
46,XX,1(2;12)(q13;q24.31)
46,XX, 1(3;19)(925.1;913.3)
46,XX,1(1;7)(q32.1,32)
46,XX,1(1;10)(g23;22.3)
46,XX,t(1;11)(p34.3;q13)
46,XX,t(1;16)(p35.8p36.1;p13.3)
46,XX,1(2;8)(p15;013.1)
46,XX,1(2;12)(p25;913)
46,XX,1(3;6)(q25126;0231124)
46,XX,1(3;6)(q25;023.1)
46,XX,1(3;15)(p13;926.1)
46,XX,t(4:6)(q31.1;q22.32)
46,XX,1(4;10)(q13.3;q24.3)
46,XX,1(5;12)(p15.1;922)
46,XX,t(11;12)(p15.4;p13.2)
46,XX,t(11;20)(q13;p13)
46,XX,1(14;18)(922;91.2)
46,XX,1(16;20)(q24:p13)
46,XX,1(17;18)(q21.1;q12.2)

(8
(2
(7
(2;
(4

t
t
t
t

mos46,XX[20]/46,X,t(X;14)(p21.1;g21)[10]

45,XX,der(13;22)(q10;10)
45,XX,der(13;14)(q10;q16)

Y;22 translocations
46,XX,der(22)t(¥22)(q12;p12/13)
46,XX,der(22)t(¥22)(q12;p12/13)
45,XX, der(13;14)(q10;q10)
45,XX, der(13;14)(g10;q10)
45,XX, der(130;22q)(q10;q10)
45,XX, der(13;14)(q10;q10) 45,XX,
der(13;14)(g10;q10)

45,XX, der(13;14)(q10;q10)
45,XX,der(13;14)(q10;q10)
45,XX, der(13;14)(q10;q10)
45,XX, der(13;14)

46, XX,inv (1) (p32q44)

46, XX,inv (9) (p12q12)
46,XX,inv(8)(p11.22q13.1)
46,XX,inv(9)(p13g13)

46,XX, inv(3)(p21.33922.2)
46,XX, inv(6)(p12.2p25.1)
46,XX, inv(2)(p24.2921.1)
46,XX, inv(7)(q22.2921.1) pat
46,XX, inv(2)(p11.2913)

46,XX, inv (9)(p1Lql2)
46,XX,inv(6)(p21.3p25)
46,XX.ish inv(8)(p21p23)
46,XX,inv(11)(q21923)

46,XX ,inv(2)(p11gql3)

46,XY, t(5;12)(p15.1;p12.2) MED FA 2011
46,XY, 1(6;17)(q21;924.2) Stephenson 2006
46,XY, 1(8;10)(p21.3;924.3) Mokate et al. 2006
46,XY, t(1;17)(p36.2;q23.1) Goddijn 2004
46,XY, 1(5;9)(923.2;922.3) Sugiura-Ogasawara 2004
46,XY, t(11;13)(p13;022.3)

46,XY, t(8;18)(q1.2;q21.3)

46,XY, 1(7;13)(p13;921.2)

46,XY, 1(6;13)(q10:q10)
46,XY,1(5;14)(q1L.2;932.1)
46,XY,t(5;7)(p13;p15)
46,XY,1(1;6)(p36.1;p22.1)

46,XY, t(8;17)(q24.1;p13.1)
46,XY,t(1;3)(g21;925)

46,XY,1(2;13)(q35;q32)
46,XY,1(5;12)(q35.1;024.1)
46,XY,1(5;17)(933.1;925.3)
46,XY,1(6;16)(25.3;p13.3)
46,XY,1(8;12)(p23.1;p13.3)
46,XY,t(10;13)(923.3;913)
46,XY,t(11;21)(p15.4;q22.1)

45,XY,der(13;14)(q10;910) Mokate et al. 2006
45,XY, der(13;14) Stephenson 2006
45,XY,der(13;14) Goddijn 2004
45,XY, der(13;q14q)

46,XY,inv(2)(p11.2q13) Gaber et al. 2010
46,XY,inv(5)(p15.3g35) Figen Celep andhmet
46,XY,inv(9)(p13q13) Karaguzel 2008.
46,XY, inv(17)(p13.1925.3) Stephenson 2006
46,XY, inv10(pl.2g21.2) Mozdarani et al. 2007.

46,XY inv (9)(p1lgl2)

Gaber et al. 2010
Stephenson 2006

Goddijn 2004
Sugiura-Ogasawara 2004

46,XY,inv(12)(q15024.1)

aThe carrier of this translocation is known to have autosomal benign myopathy
"The inv(8)(p21p23) was confirmed by fluoresceimcsitu hybridization.

“The inversion was only detected in second instance after the birth of a child with congenital abnormalities (see Discussion).
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translocations account for thedast percent- expressionThere are 30 genes showing dif-
age of these karyotypic abnormaliti@aey can  ferent levels of expressi@etween normal and
cause pregnancy loss because segregation duRPL patientgBaek 2004) In addition, other
ing meiosis results in gametes with duplicationresearclyroups have also identified a number
or deficiency of chromosome segments (Bhasirof genes that are expressdmbrrantly in preg-
et al. 1973).The severity of the phenotype denancy failure Table 4 shows mutation in sev-
pends on the chromosomes involved and on theral genes which are involved in immunég-
positions of their breakpoints. Other S'[I’UCtUI‘BJgiogenesis, apoptosis pathways in association
rearrangements, such as inversions or ring chrowith RPL (Kilpatrick 2000; Takakuwaet al.
mosomes, are relatively rafEhese chromoso- 2003).A detailed functionadnalysis for these
mal abnormalities can be associated with congenes during normal pregnancy will help to
genital malformations and mental retardation,jdentify pregnancies with a high risk of RPL
as well as spontaneous abortion. Other chromoand how to managhose pregnancies.
some abnormalities include chromosome inver
sions, sex chromosome mosaicism and ringrable 4 Immunit . .

. . : y- and angiogenesis-elated genes
chromosomes. Single gene defects might alSgyo|ved in recurrent pregnancy loss.
be responsible for multiple miscarriages, but will
not be detected by a karyotype (Macklon 2002).

Immunity-elated Genes
PP14 (placental protein 14Dalton et al. 1998; Baek et

al. 2002
Genetic Abnormalities/ hCcG France et al. 1996; Zayed et
Mendelian Disorders al. 2001; Baek et al. 2002
MUC1 Serle et al. 1994; Hey et al.
. . . 1995; Baek et al. 2002
Certain genetic mutations, such as the auto-c, 155 Dalton et al. 1998
somal dominant disorder leading to myotonic annexin II Aarli et al. 1997

dystrophy may predispose a patient to infertil- Mannan binding protein  Kilpatrick 2000

ity or even miscarriage (Fiorentino et al. 2005). ][-;Etc()lsukaemia inhibitory gggllehury and Knapp
The cause Qf the abortion in this disease is un_Indoleamine 2,3-dioxygenasteikkinen et al. 2003
known, but it may be related to abnormal gene ¢pgs: Hoshimoto et al. 2002
interactions combined with disordered uterine piBF (progesterone-inducetlaskarin et al. 2002
function and implantation defects. Other pre- blocking factor)

sumed autosomal dominant disorders associatediLA-DRB1 Takakuwa et al. 2003

. . ; Rambhorst et al. 2003
with RPL include lethal skeletal dysplasias, such, ¢ ci oo esisaiated Genes

as thanatophoric dysplasia and type |l osteogen-ymp-2 (matrix metallopro- Jokimaa et al. 2002; Choi
esis imperfecta (Souka et al. 2001). Maternal teinase-2) et al. 2003

disease associated with increased fetal wastag®MP-9 (matrix metallopro- Choi et al. 2003
includes connective tissue disordgfigrnandez ~ teinase-9) ) _
et al. 2002)such as Marfan syndromey@aeva  FPronectin 2?1%?2?2? gt()%lézooo,
2009), Ehlers-Danlos syndrome homocystinu- |ntegrin Choi et al. 2003

ria (Bick et al. 2003) and pseudoxanthoma ela- Pal (plasminogen activator Choi et al., 2003
sticum (Byrne et al. 1994; Bick 2008). Hemato- inhibitor) o _

logic abnormalities associated with RPL include Eﬁ;‘gﬁéﬁﬂ‘;ﬂ{‘;g? fibro- Choi et al. 2003
dysfibrinogenemia _(B_Iumenfeld and Brenner VEGEF (vascular endothelialChoi et al. 2003
1999), factor XlII deficiency (Pauer et al. 2003), growth factor)

congenital hypofibrinogenemia (Zdziarska et al. BFGF (basic fibroblast ~ Choi et al. 2003
2009) and afibrinogenemia (Bick 2008), and 'EI}"I’OM\AIIDthle(itiCst(s)[J)einhibitors of Jokimaa et al. 2002
sickie cel anemia (Iham et &l 2002)oen - metopmionases

fetal loss, possibly because of placental-bed

microinfarcts (Hsu et al. 2007). MTHFR Gene

Genes Involved Methylenetetrahydrofolate reductase (MTH-
FR) is a rare genetic defect that leads to compli-
Biological processeésr maintaining normal cations in pregnancy (lvy et al. 200R)THFR
pregnancy requires a series offeliéntialgene  gene produces an enzyme called methylene-
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tetrahydrofolate reductase and mutation in thestance may increase the levelsGfP1Alto
gene inhibits the production of this enzyme, re-the extent that it can cause severe damage to
sult in hyperhomocytenemia, which is an el-the fetus.

evated level of an enzyme homocysteine found The glutathioneéstransferase (GST) families

in blood plasmawWhen the body is deficient in of enzymes are beirigjmportant members of
ethylenetetrahydrofolate reductase, its ability tophase 1l detoxification pathways, catalyse
absorb folatesuch as folic acid, is inhibited. conjugation of a variety of electrophilic sub-
Folic acid and B9 are both essential to the destances tglutathione, facilitating their elimi-
velopment and health of the fetus. Because of aation from the bodyUsuallythe foreign sub-
mother with MTHFRS inability to eficiently  stances activated by the phase | reactions are
metabolize folic acid and vitamin B9, the disor acted upon by the GShzymes. MoreoveGST

der has been linked to a variety of preghancyenzymes also plagn important role in regula-
complications such as congenital malforma-tion of reduced glutathione levetsd thereby
tions. Elevated levels of homocysteine have beemedox reserves of the individual. Hence any de-
associated with placental disease, preeclampsiereasén the GST activity can lead to accumu-

and RPL(Foka et al. 2003). lation of the productsf phase | activity which
can cause severe damage. GST enzyneeise-
CYP Family Genes lieved to play a crucial role in female reproduc-

tion assuggested by their presence in placenta

Among the members of tHeYP family, and ovarian follicle® excessive amounts (Zus-
CYP1A1 CyplAZ2 Cyp2G CYP2D6 Cyp2El  terzeel et al. 1999 Among the variou&ST
Cyp2F1, Cyp3A4 Cyp3A5 Cyp3A7 and enzymes, GSTPL1 is reported to be the predomi-
Cyp4B1lwere found to be expressed in i@  nant isoformin placenta, suggesting a possible
centa during the first trimester (Jauniaux et al.role for this enzyme in pregnanfignapen et
2000), although the functionacttivities of  al. 1999 a, b).
Cyp3AandCyp4Bwere not detected:he im-
portance ofCYP1AlandCyp2E1lin relationto  Factor V Leiden Mutation
pregnancy is substantiated further by the in-
creased risf miscarriage with maternal smok- FactorV Leiden mutation (FVL) is an auto-
ing and alcohol consumptidBxperimental evi-  somal dominant hemostatiisorder that predis-
dence indicates that during pregnarityereis  poses dected persons to venous thromboem-
increased expression &fYP2D6(Wadelius et  bolicevents (Grandone et al. 1997). Pregnancy
al. 1997), whichmetabolizes about one-quarter is a hypercoagulable state since antiphospho-
of clinically important medicationglowever lipid antibodies (APL), an acquired thrombo-
the exact role played by the enhan@P2D6  philic defect, have been established as an imp-
levelsin pregnancy remains obscuRecent ortant and treatabtmuse for pregnancy loss at
studies have demonstrated that @éPfamily  all gestational ages (Rai et 8097).The poten-
gene polymorphisms significantly influence re- tial role of thrombophilic defects mayay in
productive conditionsWang et al. (2002) re- adverse pregnhancy outcome is under investi-
ported thatCYP1Algene polymorphism was gation. Onasuch thrombophilic defect is Factor
associated with a reduction in birth weight V Leiden, a common mutati¢® — A at nucleo-
among women who smoked cigarettes in thetide position 1691 in the Fact¥rgene) which
United SatesWe previously demonstrated that is associated with a significant increased risk
CYP17gene polymorphism was associated withfor systemicvenous thrombosis (Dahlback
risks of RPL(Sataet al. 2003b) and intrauter 1995).FactorV Leiden has also been reported
ine fetal growth restriction in the Japanese popuin association with placentdirombosis (Rai
lation (Yamadaet al. 2004). Recent reports in- et al. 1996)De novaesistance to activated pro-
dicate the presence of dioxins, which are strongein C can develop during pregnancy among
inducers ofCYP1Alexpression, in human fol- persons without the factdf Leiden mutation
licular fluid (Tsutsumiet al. 1998).This sug- (Bertina et al. 1994; Cumming et al. 1996) and
gests the possibility of constant induction of that these persons may have an increased risk
CYP1Alat low levels in this tissu@he pres- for pregnancy-related venous thromboembolism
ence of a hypeinducible allele in such an in- finally leads to pregnancy loss.
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Natural Killer Cells Aoki and co-workers (1995) observed in-
creased preconceptional NK catitivity, as

In the past decade, considerablio@fhas measured by a chromium-51 release cytotoxic-
been made to identifyellular constituents and ity assayin 68 women with unexplained RPL
processes putatively underlying immune-baseccompared with control§he discrepanciesb-
RPL. Natural killer (NK) cells have been the served in preconceptional NK activity between
cells most extensively studigmiimarily because RPL patientaind controls in these studies could
they constitute the predominant leukogydeu-  derive from the use of frests. cryopreserved
lation present in the endometrium at the timePBMC, as well as diérencesn the methods
of implantatiorand in early pregnancy évhada  used to assess cytotoxicitghimada et al. 2004).
1994). Cytokines produced by peripheral blood Recent studies reported that apoptosis-rela-
NK cellsin RPL can inhibit blastocyst develop- ted genes during development and its aberrant
ment (Polgar 2002). Given the evidence forexpression are also a major eitiology for RPL
modulation of NK cells by the hormorsgistem  (Baek 2004). Signalling pathways leading to
as well as the involvement of uNK cells in nor apoptosis which initiate the cell destruction by
mal pregnancyNK and uNK cells have been a family of cysteine proteases that cleave pro-
the focus of investigation of many studigs  teins at aspartate residues (caspases), members
ing to understand the pathophysiology of unex-of the tumour necrosis factor (TNF) receptor
plained RPL (Chrysoula 2005). (TNF-R) superfamilyand members of the BCL-

It has been suggested that cell-mediated family proteins. Higher expression levels of
(Th1) immunity towardrophoblast cells is sup- apoptosis-related genes such as caspase 3,6, 7,
pressed in normal pregnan@nd thaperhaps 8, 9, 10, 12, BAD, BAX, BID, Fas and FasL
failure of such suppression contributes to losswere shown in chorionic villi from RPL patients
of thepregnancy in cases of unexplained RPLthan those from normal patients (Choi et al,
(Souza et al 2002). In resporisetrophoblast  2003), as listed iffable 5.
antigens, peripheral blood mononuclear cell
(PBMC) from women with RPL have been Table 5:Apoptosis- and othergroups of genes involved
shown to producénterferon, tumor necrosis Inrecurrent pregnancy loss
factor (TNF), and' NF-3, whereas PBMGfre-  Apoptosis-elated Genes

productively normal women produce interleu- Caspase3 Choi et al. 2003
kin (IL)-10 (Hill et al 1995)In addition, after ~ CasPase® Choi et al. 2003
N . . . aspase 7 Choi et al. 2003
in vitro stimulation of PBMC with phorbohy- Caspase 8 Choi et al. 2003
ristate acetate and ionomycin, CD3BD8-T Caspase 9 Choi et al. 2003
helper cell$rom women with RPL have signifi-  Caspase 10 Choi et al. 2003
cantly highefTh1/Th2 cytokineatios ofInter- Caspase 12 Chotetal. 2003
feron-4, TNF-/IL-4, andTNF-/IL-10 compared  gax Choletal 2003
with control multiparous women (Kwak-Kimet  BIpD Choi et al. 2003
al. 2003).The above findings suggebat Thl Fas Choi et al. 2003
immunity to trophoblast is associated with RPL, _Fast_ . Choi et al. 2003
whereadh2 immunity is associated with a suc- = Cainapsint - Jokimaa et al. 2002
cessful pregnancy (Choi et al. 2000). Globin Baek et al. 2002
Preliminary observation revealed that telo- Unknown 1 Baek et al. 2002
merase activity was suppressed in chorionic villi__Unknown 2 Baek et al. 2002
tissues obtained from RPL patients, supporting
the hypothesis that aberrant expression of apop- CONCLUSION

tosisrelated genes during development is also

involved in RPL. Signalling pathways leading  Couples with pregnancy loss produce chro-
to apoptosis convge on a common machinery mosomally abnormal embryosa significantly

of cell destruction activated by a family of cys- higher percentage than those not having this
teine proteases that cleave proteins at aspartateproductive problem which are mainly due to
residues (caspases), members of the tumour n&on-dysjunction. Once an unbalanced translo-
crosis factor (TNF) receptor (TNR) superfam-  cation in the fetus / child has been identified,
ily, and members of the B2lfamily proteins.  parental karyotype is essential. Molecular analy-
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sis such as PCR-based subtractive hybridizatiogenome hybridization, subtelomeric studies, in-
showeda limited number of genes in chorionic terphase studies on sperm and assays for skewed
villi from RPL patients. Since the PCR-based X-inactivation patterns are not warranted at this
cDNA subtractive hybridizatioanalysis may not time, as their clinical utility is yet to be deter
represent all genes tifentially expressed,is  mined.
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