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Table 1 (Continued)

Subsequent Pregnancies

Carrier Status Prior Pregnancies

46, XX, t{1;10)(g21:p11.2) SA, SA, SA, SA

46, XX, t(1;10)(q42.1;,g24.3)  SA, SA

46, XX, t{1;11)(p11;913) SA, SA, SA

46,XX, 1(1;15)(g32.1,023) SA, SA, SA

46, XX, t(2;15)(p23;q15) SA, SA, SA

46, XX, t{2;15)(g31:921.2) SA, SA, SA, SA, SA, SA
46, XX, 1(2;181(g33;p11.3) SA, SA, SA

46, XX, t(3;5)(p13;933) SA, SA, SA

46, XX, t(3;7)(p25;p13) SA, SA, SA

46, XX, 1(4;21)(p15.1;g22.2)  SA, SA
46, XX, 1(5;13)(p15.3;g21.2)  SA, SA, SA

46, XX, 1(6;7)(g25.1;p21) SA, SA, SA
46, XX, 1(6:8)° SA, SA, SA, SA, SA, IUFD
48, XX, t(6:8)(q23;p23) SA, SA, SA, SA, SA, SA, IUFD
46, XX, t(7;11)(p13:921) SA, SA
46, XX, 1(7,18)(p15.3;p11.32) SA, SA, SA
46, XX, t(7;18)(q32;913) SA, SA, SA, SA
46, XX, 1(9;13)(q12;p12) SA, SA, SA, SA
46, XX, 1{10;17)(g26;p12) SA, SA, SA
46, XX, t(10;21)p10;910) SA, SA, SA, SA

46, XX, 1(11;22)(g23.3;q11.2) SA, SA
46, XX, t(11,22)(023;911.2)  SA, SA, SA
46, XX, t(17;20)(p13;g13.1)  SA, SA, SA, Term

46, XX, t° SA, SA

48, XX, t° SA, SA, SA

46, XX, t° SA, SA, SA

46, XY, t(1;10)(p32;526) SA, SA, SA, SA
46, XY, 1(1;11)(p32.1;p15.1)  SA, SA

486, XY, 1(2;7)(p10;q10) SA, SA, SA

46, XY, 1(3;7)(g25.3;921.2) SA, SA

46, XY, t(3;7)(025.3;021.1)  SA, SA, SA, SA

46, XY, 1(3;15)(p22;q26.2) SA, SA, SA

46, XY, t(4;101(q34;921.2) SA, SA

46, XY, t(5;6)(933.1;p11.2)  SA, SA, SA

486, XY, 1(5;9)° SA, SA, IUFD, IUFD
46, XY, 1(5;10)(q22;922) SA, SA, SA

46, XY, 1(7;8)(q21;922) SA, SA

46, XY, t(7,8){g32;4922) SA, SA

46, XY, t(7;17)(q11.23;023.3)  SA, SA, SA, SA, SA
46, XY, t(8;12)(p21.3; q12) SA, SA, SA, SA, Term
46, XY, 1(10;13)(g24,g34) SA, SA, SA, Term
46, XY, 1(11;22)(q23.3;g11.2)  SA, SA, SA, Term
46, XY, t° SA, SA

Pal et al, 2009%2

46, XX, (9;14)(q34;31) SA, SA, SA

46, XX, t(5;11g35;q13-25)  SA, SA, SA

SA

SA

SA (47, XY, +4)

Term

Term

Term

SA

Term

Term

Term

Term

SA (486, XY, der(6)t(6;7)(q25.1;p21))
SA (46, XX, del(6){q23))
SA (46, XX, 1(6;8)(q23;p23)
Term

SA

SA

Term

SA (46, XX, der(17)t(10;17)(g26;p12)mat)
Term (46, XY, t(10;21)(p10;q10))
Term

SA (46, XX [25]/46, XX, del(5)(p14) [5])
SA

SA (47, XX or XY, +14)
Term

Term

Term

Term

Term

Term

Term

Term

Term

Term

Term

Biochemical

SA (46, XX)

Biochemical

Term

Term

Term

Term

SA (46, XX)

SA, SA, SA, hydatidiform mole
Term

SA, spontaneous abortion or miscarriage; ET, ectopic; IUFD, intrauterine fetal demise; GT, genetic termination.

5Unknown specific translocation.

In the Sugiura-Ogasawara et al study,*® only the number of prior miscarriages were included, not prior ongoing pregnancies. Additional

subsequent outcomes or new information about pregnancies are in boldface type.
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Table 2 Comparison of Prior and Subsequent Pregnancy Outcomes in Carriers of a Reciprocal Translocation
Ascertained on the Basis of Recurrent Pregnancy Loss: Medically Managed

Prior Pregnancies

Subsequent Pregnancies

No. of
Carriers  Unsuccessful Successful Unsuccessful Successful
Sugiura-Ogasawara 43 124 miscarriages Not stated 65 miscarriages, 29
et al, 2004° 1 fetal demise
Jobanputra et al, 2005"7 1 8 miscarriages 1 miscarriage 1
Stephenson and 20 67 miscarriages, 13 miscarriages 21
Sierra, 2006’ 3 ectopics
Sugiura-Ogasawara 43 169 miscarriages, 17 miscarriages 29
et al, 2008* 4 fetal demises
Pal et al, 2009%2 2 6 miscarriages 3 miscarriages, 1
1 molar pregnancy
Totals 109 94% 374 miscarriages, 6% 17 successful  55% 99 miscarriages, 45% 81 successful

4 fetal demises,
3 ectopics

1 fetal demise, pregnancies

1 molar pregnancy

pregnancies

translocations were reported in 48 of the 50 male
carriers. Of the male carriers, chromosome 7 was the
most frequent chromosome involved in the reciprocal
translocations (7 =14), followed by chromosome 10
(n=10); chromosomes 5 and 8 (#=38); chromosomes
-3, 6, and 13 (=7, each); chromosome 11 (n=75);
chromosomes 1, 2, 4, 12, and 15 (z =4, each); chromo-
somes 9 and 14 (7 =2, each), and chromosomes 16, 18,
21, and 22 (n=1, each).

Description of Medical Management Cases
(Table 1)

Between 1986 and 2002, Sugiura-Ogasawara et al®
evaluated 47 carriers of a balanced reciprocal transloca-
tion with a history of two or more consecutive first
trimester miscarriages. Evaluation was performed for
concomitant endocrine, uterine, autoimmune, infec-
tious, and natural Kkiller cell factors. Close monitoring
included hospitalization for ~1 month, starting at 4
weeks of gestation, with ultrasonography twice weekly.
The mean age at time of subsequent pregnancies was
30.7 years (standard deviation [SD]: 3.4). At least one
subsequent pregnancy was reported in 43 of the 47 cases.

In 2005, Jobanputra et al'” reported on a 34-year-
old female carrier of a balanced reciprocal translocation
with a history of recurrent pregnancy loss and a strong
family history of breast cancer.

Between 1992 and 2005, Stephenson and Sierra’
evaluated 28 carriers of a balanced reciprocal trans-
location and a history of recurrent pregnancy loss. The
mean age at time of prior and subsequent miscarriages
was 29.8 years (SD: 5.0) and 34.0 (SD: 4.3), respec-
tively. Couples were screened for concomitant endo-
crine, uterine, autoimmune, and infectious factors. If
one or more of the miscarriages was a fetal miscarriage
(10 to 20 weeks of gestation), an inherited thrombo-

philia screen was also performed. Concomitant factors
were identified in 12 cases; 8 women met criteria for the
antiphospholipid syndrome and were treated with as-
pirin and heparin, two women had a luteal phase
deficiency and were treated with progesterone suppo-
sitories or clomiphene citrate, and one woman had
factor V Leiden and was treated with heparin. One
woman had Crohn’s disease and gestational diabetes
and was treated with prednisone and insulin. Three
women were treated empirically with aspirin and/or
vaginal progesterone suppositories. Close monitoring
consisted of serial BhCGs, starting within 1 week of a
missed menses, endovaginal ultrasound at least at 6 and
10 weeks of gestation, and 24-hour physician coverage.
At least one subsequent pregnancy was reported in 20
of the 28 cases.

Between 2003 and 2005, Sugiura-Ogasawara et
al* evaluated 70 carriers of a balanced reciprocal trans-
location and a history of two or more consecutive
miscarriages, of which 68 were treated medically. Eval-
uation was performed for concomitant autoimmune,
endocrine, and uterine factors. With at least one positive
antiphospholipid antibody, consisting of either the lupus
anticoagulant, anticardiolipin, or B2-glycoprotein-I-de-
pendent anticardiolipin antibodies, the patient was
treated with low-dose aspirin and heparin. Supportive
psychotherapy was provided. At least one subsequent
pregnancy was reported in 43 of the 68 cases. The mean
age at time of subsequent pregnancy was 31.4 years (SD:
4.4).

In 2005-2006, Pal et a2 identified two carriers of
a balanced reciprocal translocation with a history of three
prior miscarriages, both of whom were referred to
genetics for karyotyping. The mean age of the carrier
at diagnosis was 27.0 years (SD: 2.8). Subsequent
pregnancy outcomes were obtained by the medical re-
cord and phone interviews 12 to 24 months following
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karyotyping. Evaluation and treatment of concomitant
factors were not reported in the manuscript.

Summary of Medical Management (Table 2)

A total of 109 cases from five publications met the
criteria for the medical management group, which con-
sisted of evaluation and management of concomitant
factors associated with recurrent pregnancy loss, fol-
lowed by close monitoring of subsequent pregnancies.
There were at least 397 prior pregnancies in the medical
management group, of which 374 were miscarriages <10
weeks, which equates to a mean of 3.4 prior miscarriages
(range: 2 to 8). In addition, there were 17 live births, 3
ectopics, and 4 fetal deaths.

Using the first subsequent pregnancy only, the
subsequent live birthrate was 60% (65 of 109). If the
carrier was female, the subsequent live birthrate was 52%
(34 of 65), and if the carrier was male, 75% (33 of 44).
Using all subsequent outcomes, the cumulative live
birthrate was 74% (81 of 109 cases) in the medical
management group.

Description of In Vitro Fertilization/
Preimplantation Genetic Diagnosis
Management (Table 3)

In 1998, Munné et al'® published three cases that
met the criteria, with a mean maternal age of
33.7+£4.9 years. Methodology was limited to the
description of the PGD. Polar body analysis following
fluorescent in situ hybridization (FISH) with whole-
chromosome painting DNA probes was performed. In
addition, a telomeric probe was used in one of the
cases. In the first case, three of eight polar bodies
were balanced, of which two embryos were trans-
ferred; twins were delivered. In the second case, three
of five polar bodies were normal, of which one
embryo was transferred; pregnancy was ongoing at
publication. In the third case, two of five polar bodies
were either normal or balanced, but the transfer was
cancelled because the embryos were developmentally
abnormal.

Later in 1998, Munné et al*! published one case
that met the criteria, consisting of a woman 37 years of
age. Six first polar bodies were analyzed following FISH
with chromosome-painting probes. Three of the polar
bodies were unbalanced, two were balanced, and one did
not have a result because the polar body degenerated.
Two embryos were transferred; pregnancy ended in
miscarriage with a balanced translocation.

In 1999, Willadsen et al® published two cases
that met the criteria, with a mean maternal age of
34+ 4.2 years. Polar body analysis was performed on
five oocytes following FISH and chromosome-painting
probes. One embryo, with unclear FISH signals on first

polar body analysis, was biopsied on day 3, fused with a
frozen-thawed bovine M-II oocyte, which was followed
by FISH using whole chromosome-painting probes.
Repeat analysis of the metaphase-transformed blasto-
mere nucleus was performed using spectral karyotyping
(SKY), after transfer. The embryo was transferred on day
4; a preterm delivery resulted with normal female chro-
mosomes. The newborn had a ventricular septal defect
and underwent surgery without complication.

In the second case, first polar body analysis was
informative for 7 of 11 oocytes; all were unbalanced or
when balanced or normal, the oocytes did not fertilize.
Three of the four oocytes with uninformative results
fertilized and one or two blastomeres were biopsied and
fused with bovine oocytes; analysis revealed the blasto-
meres were anuclear or unbalanced. Thus there were no
embryos for transfer.

Munné et al®® published three cases that met the
criteria in 2000, with an average maternal age of
323425 years. Polar body analysis followed FISH
with centromeric and telomeric probes for the chromo-
somes involved in the translocations. One to three
embryos were transferred; pregnancy did not occur.

In 2000, Escudero et al'® published two cases that
met the criteria, with an average maternal age of
30+4.2 years. Polar body biopsy, followed by FISH,
using a combination of whole-chromosome painting and
telomeric probes, was performed. Twelve polar bodies
were obtained in the first case, of which nine were
analyzed. One was balanced and the subsequent embryo
was transferred; the pregnancy resulted in monozygotic
(46, XY) twins. In the second case, eight polar bodies
were obtained and analyzed. One was balanced and the
subsequent embryo was transferred; pregnancy did not
occur.

In 2000, Coonen et al'® published two cases that
met the criteria; maternal ages were not provided. In the
first case, 18 embiyos were biopsied, with one or two
blastomeres aspirated on day 3. Following multitarget
FISH, using three DNA probes, one embryo with a
balanced reciprocal translocation was transferred on day
4. Pregnancy resulted in a successful term delivery with a
balanced reciprocal translocation.

With the second case, the woman underwent
three IVE cycles. The first cycle was cancelled due to
poor ovarian stimulation. The second cycle yielded two
embryos with normal and/or a balanced karyotype. Both
karyotypically normal embryos were transferred, but
pregnancy did not occur. In the third cycle, three
embryos were biopsied; two were unbalanced and the
results inconclusive in the third; no transfer was per-
formed.

In 2003, Simopoulou et al® published four cases
that met the criteria; mean maternal age was
33.3 + 1.9 years. One or two blastomeres were aspirated
on day 3, according to the developmental stage and
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Table 3 Carriers of a Reciprocal Translocation with a History of Recurrent Pregnancy Loss, with Subsequent
IVF/PGD Management (n=20)

Carrier Status

Prior Pregnancies

Treatment

Subsequent Pregnancies

Munné et-al, 1998'¢
46, XX, t(7,20)(g22;911.2)

46, XX, t(9;11)(p24 ;q12)

46, XX, t(14:18){q22;q11)
Munne et al, 1998%"
46, XX, t(4:14)(p15.3;924)

Willandsen et al, 1999%°
46, XX, t1(9;11)(p24,912)

46, XX, 1(11;16)(g21;922)
Munné et al, 2000%°

46, XY, 1(10;13)(g22.3;q14)
46, XX, t(10;14)(g26.1)(g22.1)
46, XY, t(10;18)(q24.1;p11.2)

Escudero et al, 2000'°
46, XX, 1(2;14)(q23;q24)

46, XX, t(2 ;141931 ;924)
Coonen et al, 2000'®
46, XY, t(3;11){g27.3;924.3)

46, XX, 1(3;11)g27.3:924.3)

Simopoulou et al, 2003%
46, XX, 1(16;17)(p13,3;p11,1)
46, XX, t(8,12)(g11.2;912)
46,XY, 1(1,18)(p32;q23)
46, XX, t1(1;2)(q42.1;p23)
Sugiura-Ogasawara

et al, 2008*
46, XX, t(6;8)(q23;p23)
46, XY, t(10;16)(p14;912.2)

Wiland et al, 2008%
46, XY, 1(2;7)(p11.2,g22.1)

SA, SA, SA, SA (balanced
t(7:200(g22,911.2)mat)
5 pregnancy losses and a
healthy baby from a natural cycle
5 pregnancy losses

Repeated pregnancy loss;
one was balanced
1(4:14)(p15.3;924)mat

History of habitual abortion

History of recurrent miscarriage

SA, SA, SA, SA, SA

SA, SA

SA, SA, SA, SA, SA, SA, SA,
SA, SA, SA {unbalanced),
SA (unbalanced), SA (unbalanced),
SA (unbalanced), SA {unbalanced),
SA (unbalanced), 1 failed IVF cycle

SA, SA, SA

Livebirth, SA, SA

SA, SA, SA, SA, GT (unbalanced,
46, XX, -11, +der(11)
(3;11)(g27.3;24.3)pat), SA, SA, SA
SA, SA, fetal demise (24 wk,
hydropic (46, XX, -11, +der(11)
t(3;11)(g27.3 ;,q24.3), SA, SA, SA, SA

SA, SA, SA, SA
SA, SA, SA, SA, SA
SA, SA

SA,SA,SA

SA, SA
SA, SA

SA, SA

IVF/+ ICSI/PGD

IVF/+ ICSI/PGD

IVF/+1CSI/PGD

IVF/ £ ICSI/PGD

IVF/ICSI/PGD

IVF/ICSI/PGD
IVF/PGD

IVF/PGD
IVF/PGD

IVF/ £ [CSI/PGD

IVF/ £1CSI/PGD

IVF/PGD

IVF/PGD x 3 cycles

IVF/PGD
IVF/PGD
IVF/PGD
IVF/PGD

IVF/PGD
IVF/PGD

IVF/PGD

Twins (balanced
1(7;20)(g22;911.2)mat)
Ongoing pregnancy (normal)

No transfer

SA (balanced
t(4:14)(p15.3;924)mat)

Preterm (200 g) newborn
(46, XX) with a ventricular
septal defect, which was
repaired at 5 mo

No transfer

Did not conceive
No transfer
Did not conceive

Monozygotic twins
(46,XY), with hydronephrosis
Did not conceive

Term (balanced 46, XX,
13;11)(g27.3;G24.3)pat)

Did not conceive,
No transfer done x 2 cycles

Biochemical SA
Term

Did not conceive
Did not conceive

SA
Did not transfer
(single embryo unbalanced)

Triplet pregnancy (monochorionic
diamniotic twins and a singleton)
selective reduction of twins
(46, XY, 1(2,7)(p11.2;022.1),
term (46, XX)

SA, spontaneous abortion or miscarriage; GT, genetic termination.
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embryo morphology. Following FISH, chromosomally
balanced embryos were transferred on day 4. For the
first case, seven embryos were biopsied, four were bal-
anced, and three were transferred; a biochemical preg-
nancy loss resulted. For the second case, 13 embryos
were biopsied, 2 were balanced, and 1 was transferred; a
normal live birth resulted. For the third case, 11 were
biopsied, 2 were balanced and both transferred; preg-
nancy did not occur. For the fourth case, 12 embryos
were biopsied, 1 was balanced and frozen due to hyper-
stimulation during the IVF cycle. The embryo was
subsequently transferred in a frozen cycle; pregnancy
did not occur.

In 2008, Suguira-Ogasawara et al? published two
cases that met criteria for the IVE/PGD group; mean
maternal age was 35.5 7.8 years. IVE/PGD details are
not provided. The first case was noted to be a PGD
failure. The second case did not result in an embryo
transfer because the single embryo was unbalanced.

In 2008, Wiland et al** published one case that
met criteria; maternal age was 29 years. Following a
standard FISH protocol, a rehybridization occurred
screening for the common aneuploidies of chromosomes
21, X, and Y. Nine embryos were biopsied and three
were balanced, of which two were transferred. A triplet
pregnancy resulted, with monozygotic twins and a sin-
gleton pregnancy. CVS was performed and then twins
who were males were balanced chromosome carriers.
Selective reduction to singleton was performed, and a
live birth resulted.

Summary of In Vitro Fertilization/
Preimplantation Genetic Diagnosis
Management (Table 4)

Twenty cases from nine publications met the criteria for
the IVF/PGD group. There were an estimated 86 prior
pregnancies, of which 82 were miscarriages <10 weeks,
which equates to a mean of 4.1 miscarriages per carrier
(range: 2-15). In addition there were two live births, one
fetal demise, and one genetic termination.

Using the first subsequent pregnancy only,
the subsequent live birth was 35% (7 of 20) per
carrier and 32% (7 of 22) per IVF cycle starts. If
the carrier was female, the subsequent live birthrate
was 33% (5 of 15), and if the carrier was male, 33% (2
of 6). The cumulative live birthrate was the same as
the first subsequent pregnancy rate. Of note, the
cumulative live birthrate per transfer rate was 41%
(7 of 17).

Cytogenetic Analyses of Prior and Subsequent
Miscarriages

Only 21 miscarriages were karyotyped before medical or
IVF/PGD management. In the medical management

group, 33% (4 of 12) were unbalanced. In the IVE/PGD
group, 78% (7 of 9) were unbalanced.

Fifty subsequent miscarriages were karyotyped. In
the medical management group, 55% (27 of 49) were
unbalanced, 29% (14 of 49) were 46, XX, 46, XY or
balanced, and 16% (8 of 49) were trisomic, monosomic,
or polyploid. There was only one subsequent miscarriage
karyotyped in the IVF/PGD group; it was balanced.

DISCUSSION

RPL is a devastating problem affecting ~5% of couples
trying to conceive. Pathogenesis of RPL is believed to be
multifactorial including genetic, anatomical, autoim-
mune factors, alloimmune, infection, endocrine distur-
bances, and idiopathic.6’26’27 Genetic factors include
numeric chromosome errors in miscarriages, which are
usually random events that increase in frequency with
advancing maternal age.”® Parental carriers of a struc-
tural chromosome rearrangement account for 2.5 to
7.8% of couples with RPL.>"®*"* Reciprocal trans-
locations is estimated to represent 60% of the structural
chromosome rearrangement cases.>® Yet whether an
unbalanced translocation is the cause of a miscarriage
is often not known because chromosome testing of
miscarriages is not performed routinely.

Published data suggest that carriers of a reciprocal
translocation may have poorer pregnancy outcomes than
carriers of a Robertsonian translocation.>” Therefore, it
is of utmost importance to have evidence-based manage-
ment strategies for such carriers.

This systematic review of carriers with a reciprocal
translocation, ascertained on a history of RPL, suggests
that the cumulative live birth is higher with medical
management than IVF/PGD. It is difficult, however, to
compare pregnancy outcomes directly.*’ With medical
management, pregnancy is usually defined by a positive
hCG. With IVF/PGD, pregnancy is usually defined by
the presence of a gestational sac on ultrasound, which
would result in an underestimation of miscarriage rate
because biochemical pregnancy losses would not be
included. In addition, with IVF/PGD, studies often
report pregnancy outcome per embryo transfer, rather
than per cycle started. With reporting per cycle started,
the time and cost of repeated IVF/PGD cycles, in which
embryo transfer did not occur, is not taken into consid-
eration.

Despite the widespread use of IVF/PGD for
carriers of a translocation,>* we were only able to
identify 20 cases that met inclusion criteria in this system-
atic review. Individual obstetric histories were inconsis-
tently reported in the IVE/PGD articles. Surrogate end
points, such as miscarriage rate, rather than live birthrate,
were often reported in the IVE/PGD studies, which again
is problematic.*>?° Simply comparing miscarriages rates,
before ascertainment of carrier status (which would be
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Table 4 Comparison of Prior and Subsequent Pregnancy Outcomes in Carriers of a Reciprocal Translocation Ascertained on the Basis of Recurrent Pregnancy Loss:
In Vitro Fertilization/Preimplantation Genetic Diagnosis

No. of

Prior Pregnancies

IVF/PGD Outcomes

No. of Did Not Unsuccessful Successful
Carriers Unsuccessful Successful Cycles Conceive Pregnancies Pregnancies
Munné et al, 1998° 3 14 miscarriages 1 3 1 0 2 (twins; ongoing
pregnancy)
Munné et al, 19982 1 2 miscarriages* 0 1 0 1 miscarriage 0
Willadsen et al, 1999%° 2 6 miscarriages' 0 2 1 0 1 (preterm)
Munné et al, 2000%° 3 22 miscarriages 0 3 3 0 0
Escudero et al, 2000'® 2 b miscarriages 1 2 1 0 1 (monozygotic
twins,
hydronephrosis)
Coonen et al, 2000'® 2 13 miscarriages, 0 4 3 0 1 {term)
1 fetal demise,
1 genetic termination
Simopoulou 4 14 miscarriages 0 4 2 1 miscarriage 1 (term)
et al, 2003% {biochemical)
Sugiura-Ogasawara 2 4 miscarriages 0 2 1 1 miscarriage 0
et al, 2008*
Wiland et al, 2008%* 1 2 miscarriages 0 1 0 0 1 (triplet reduction,
singleton term)
Totals 20 carriers 98% total prior 4% total prior 22 cycles 12 did not 3 miscarriages 7 successful
pregnancies pregnancies conceive pregnancies

(82 miscarriages,
1 fetal demise,
1 genetic termination)

(2 successful
pregnancies)

*Estimated, based on ‘“‘repeated pregnancy loss."”

'Estimated, based on “habitual abortion” and ‘‘recurrent miscarriage.”
IVF/PGD, in vitro fertilization/preimplantation genetic diagnosis.
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100% for women with primary RPL) to subsequent,'®'? is

highly biased in favor of intervention, and therefore it is
inappropriate to conclude benefit. The IVE/PGD studies
were often descriptive, with reporting of embryo number,
chromosomal determination, and only successful trans-
fers. 2>® Other recent systematic reviews of IVF/PGD for
carriers of a structural chromosome with a history of
recurrent miscarriage®’ and unexplained recurrent mis-
carriage®® have not shown benefit with this strategy,
compared with medical management.

There remains concern for carriers of a reciprocal
translocation of having an ongoing pregnancy or live
birth with an unbalanced rearrangement. In this review,
only 1 of >100 patients had a ongoing pregnancy with an
unbalanced reciprocal translocation®; other pregnancies
with unbalanced reciprocal translocations ended in mis-
carriage. Therefore, the reason for ascertainment appears
to be important. In this systematic review, the ascertain-
ment was RPL, which appears to have a more favorable
prognosis than a history of an ongoing pregnancy or live
birth with an unbalanced translocation.

Goddijn et al, in a retrospective analysis of 1324
Dutch couples, identified 51 carriers of structural chro-
mosome rearrangement, of which 63% were reciprocal
translocation. A nested case-control study of 41 of the 51
couples revealed no unbalanced structural chromosome
rearrangements in subsequent ongoing pregnancies.
Amniocentesis was performed on 26 of the 41 ongoing
pregnancies; all were euploid, with 58% 46,XX or
46,XY, and 42% balanced structural chromosome rear-
rangements.

This study was designed to review systematically
the effectiveness of management strategies for carriers of
a reciprocal translocation involving two chromosomes,
ascertained on the basis of RPL. We identified a total of
129 carriers who met the entry criteria. In the medical
management group, using the first pregnancy after
evaluation, the subsequent live birthrate was 60% (65
of 109). Using all subsequent outcomes, the cumulative
live birthrate was 74% (81 of 109 cases) in the medical
management group. In the IVE/PGD group, the sub-
sequent live birthrate per cycle started was 35% (7 of 20);
the cumulative live birthrate was the same.

Unfortunately, the published data are limited, and
there are differences in the reporting of the data in each
group, as previously discussed. It is difficult to directly
compare outcomes for these two management strategies
because of the different end points reported. Under-
standing the differences is essential for effective coun-
seling. Until a well-designed study comparing the two
strategies is performed, or at least prospective cohort
studies with strict entry criteria and definitions, the
cumulative experience and success of both medical man-
agement and IVF/PGD must be used for counseling of
patients who are carriers of a reciprocal translocation,
ascertained on the basis of RPL.
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Introduction

f seven vitamin K-dependent coagulation
structural homology to coagulation factors
), and protein C (1). It serves as a cofactor
f activated FX (FXa) by a serine protease in-
. ependent protease inhibitor (ZPI) (2). Since
sma contams excess ZPI relatwe to the amount of PZ,all

Protein Z (PZ) is
proteins (VKDPS) 3

ZP1 in normal plasma. While the ZPI-PZ complex efficiently in-
hibits FXa (4-6), free ZPI inactivates activated factor XI (FXIa) (5)
as well as activated FIX (FIXa) to some extent (7).

PZ is considered to be synthesised mainly by the liver since its
plasma levels were reduced in patients with chronic liver disorders
(8).Inaddition, a liver-enriched transcription factor plays a crucial
role in human PZ gene expression (9). The liver is also a major
source of ZP1, the mRNA of which is most abundant in this organ

(10). To our knowledge, the regulation of human ZPI gene ex-
pression has not been reported as yet.

Although the ZPI-PZ system seems to play a role(s) in anti-co-
agulation via the inactivation of FXa (and FXIa and FIXa) in vitro,
the clinical significance of PZ for venous and arterial thrombosis,
in vivo, remained controversial (11,12). Recently, a meta-analysis
showed that low PZ levels were associated with an increased risk of
thrombosis such as arterial vascular disease and venous throm-
boembolic disease, as well as with pregnancy complications (13).

The first patient with severe congenital PZ deficiency developed
not only deep-vein thrombosis but also miscarriage (14). Recently,
a relative/partial deficiency of PZ (PZ levels below 1.0-1.2 pg/
ml=16~19 nM, in general) has been linked to serious compli-
cations with pregnancy (15, 16), such as early fetal loss, preterm de-
livery, etc.

In contrast to the numerous reports on PZ levels, there are only
three existing publications describing plasma ZP1 levels: one recent

Thrombosis and Haemostasis 107.3/2012
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report cited a significant relation between low ZPI levels and pe-
ripheral arterial disease (17), while another failed to find an associ-
ation between low ZPI levels and venous thrombosis (18); still an-
other found no difference in ZPI levels between normal controls
and patients with anti-phospholipid antibodies (19).

In the present study, we have explored the possible contribution
of ZPI (and PZ) to the stages of gestation in humans, as well as to
recurrent miscarriage (RM).

Methods
Subjects

This study was performed with the approval of our Institutional
Review Board. The work was conducted entirely in accordance
with the Declaration of Helsinki. Informed consent was obtained
from all individuals. One-hundred thirty-four non-pregnant Jap-
anese women who had experienced RM, defined as two or more
consecutive miscarriages (less than 22 weeks of gestation), partici-
pated in the present study. None of these patients had any readily
identifiable causes of RM, such as uterine anomaly or chromoso-
mal abnormality in either partner; however, there were five cases
with anti-phospholipid syndrome. None had a history of throm-
bosis. We also studied 32 normal pregnant Japanese women with-
out pregnancy complications or a history of RM, as well as 42 no
pregnant Japanese women with a history of normal pregnancy a
without a history of apparent pregnancy losses, as control
non-pregnant normal German females. None of these
using contraceptives or hormone-containing drugs
trogen or progesterone. Demographical data
volved in this study are shown in Table 1.

Blood

Blood samples were collecte ticoagulated with 3.8% so-
dium citrate in a ratio of anticoagulant to blood of 1:9,and plasma
samples were obtained by centrifugation at 1,000g for 10 minutes
(min) at 4°C, a t-80°C until analysis.

EL

An immunoassay for ZPI was performed using an in-house ELISA
system. A rabbit anti-human ZPI polyclonal antibody was coated
in a microtitre plate. Wells were washed with Tris-buffer, and plas-
ma samples diluted 1/250 and 1/500 were applied and incubated
for 120 min. After washing, a biotin-conjugated rabbit anti-human
ZPI polyclonal antibody was added and incubated for 90 min.
After washing, streptavidin-horseradish peroxidase (GE Health-
care, Little Chalfont, UK) was added and incubated for 60 min.

Thrombosis and Haemostasis 107.3/2012

After final washing, 3, 3} 5, 5-tetramethylbenzidine (Bio-Rad,
Hercules, CA, USA) was added, and the reaction was stopped after
10 min by adding 1 M H,S0,. Absorbance at 450 nm was recorded
by a microtitre plate reader Biolumin 960 (Molecular dynamics,
San Diego, CA, USA) and compared to a standard curve, using rec-
ombinant ZPI expressed in baby hamster kidney cells transfected
with a ZPI cDNA. Recombinant ZP1 was purified as reported by
Han et al. (4), and its amount was determined by both biut
tion using a bicinchoninic acid (BCA) protei i
Rockford, IL, USA) and densitometry of Coom
staining of a sodium dodecyl sulfate-polyacrylam
trophoresis using bovine serum albumin
The ZPI concentration of a pooled normal
seven healthy individuals) was de
ZP1, and a standard curve was mad
plasma as a reference for this assay (
sion; £ 7%, lower limit of ion; 7 fmol, co-efficient of vari-
ation; 13.6%).

PZ antigen level
sandwich ELISA
Biomed, Eragn
tions.

‘were measured by commercial
ZYMUTEST RKO031A (Hyphen
ording to the manufacturer’s instruc-

plasma was determined using a Thrombocheck FACTOR X
(Sysmex, Kobe, Japan), according to the manufacturer’s in-

© structions.

Statistical analysis

Results are presented as medians and inter-quartile ranges in nM
of three assays, and were analysed using the software program JMP
ver.6.0.3 (SAS Institute, Cary, NC, USA) by non-parametric (Wilc-
oxin/Kruskal-Wallis or Mann-Whitney) tests. A p-value less than
0.05 was considered statistically significant.

Results

Plasma concentrations of ZPl and PZ ambng
non-pregnant normal Japanese females

Since what constitutes normal concentrations of both ZPI and PZ
in plasma has not been determined among Japanese, we first devel-
oped an ELISA system for ZPI, as described in Methods. Medians
(interquartile ranges, IQR) of plasma ZPI and PZ levels were 51.8
(45.1-59.6) and 29.9 (23.3-41.0) nM, respectively (Fig. 1A, B),
among 42 healthy non-pregnant Japanese females aged 34.3 £ 4.3
years (mean + SD).

© Schattauer 2012
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Sixty-four non-pregnant healthy German females aged 28.1 £
6.7 showed ZPI and PZ levels as 59.5 (54.4-63.3) and 35.8
(27.1-49.7) nM, respectively. Accordingly, the plasma ZPI and PZ
levels in normal Japanese females were lower than those in German
females (p<0.001 for ZPI and 0.058 for PZ, respectively; Fig. 1 A,
B), among those individuals whose data we examined. No effect of
age was seen on either ZPI or PZ levels in both normal Japanese fe-
males (R*=0.05, p=0.67; R?=0.08, p=0.076, respectively; see Suppl.
Fig. 1A, available online at www.thrombosis-online.com) and nor-
mal German (R?=0.004, p=0.62; R?*=0.005, p=0.58, respectively;
Suppl. Fig. 1B, available online at www.thrombosis-online.com).

Since all the PZ is bound in a complex with ZPI in the circu-
lation (2, 3), the concurrent change in concentrations of plasma
ZP1 and PZ suggest that levels of these two proteins are related
(17-19). As expected, regression analysis demonstrated a linear re-
lationship between plasma ZPI levels and PZ levels in normal non-
pregnant Japanese controls (R?=0.28, p<0.001; Fig. 2A). This is
also true in normal non-pregnant German females (R*=0.23,
p<0.0001; Fig. 2B).

Plasma levels of ZPI and PZ during normal pregnancy

Blood samples were obtained from 32 women with normal preg-
nancy (aged 32.8 £ 4.9 years) during the Ist (9.1 1.4 weeks of ges-
tation, WG), the 2nd (22.3 + 1.4 WG), and the 3rd trimesters (32.8
+ 1.8 WG), as well as during the puerperal period (Puerp.; 5 ;
weeks; 3.8 + 1.5 weeks, when two individuals are excluded);

els during pregnancy. ©
Plasma ZPI levels significantly increased i
when compared with 42 non-pregnant norm

sed significantly from
gdelivery (Puerp.), ZPI
0.01), although the median
! urn to that of non-pregnant con-
se blood samples of the participants were
elivery (3.8 weeks for 30 individuals).
1al’s plasma ZPI level was consecutively
5 32 women demonstrated a steady increase
Suppl. Fig. 2A, available online at www.throm
ne. com) However, the remaining three showed reduced
.. the average of ZPI values of the 2nd and 3rd tri-
lower than that of the Ist trimester for these three sub-

peral period. The median ZP
the 1st to 2nd trimesters (Fig,

jects.

Plasma concentrations of PZ significantly increased from the
2nd trimester and continued rising throughout the rest of the
pregnancy (Fig. 3B). When individuals’ plasma PZ levels were con-
secutively measured, 31 among 32 women demonstrated a steady
increase in these levels in relation to their gestational age (see
Suppl. Fig. 2B, available online at www.thrombosis-online.com).

© Schattauer 2012

Table 1: Demographical data of individuals involved in the present
study.

No-of participants
Age (mean + SD)
Age (range)
'Overal! No "f

ZPI and PZ levels (R?=0.023,
ctively; data not shown), as in
see Suppl. Fig. 1A, B, available on-
nline.com).

lysis demonstrated a significant relation-
‘of plasma ZPI and plasma PZ during normal
7,p<0.001; see Flg 3A available online at www.

Maternal age did n
p=0.09; R*=0.0001, p
non-pregnant nori

omen as descrlbed above. When stratified by gestation

s, there was also a significant correlation during the 2nd tri-
ster and Puerp. (R*=0.23, p=0.005 and R*=0.31, p=0.001, re-
ctively; see Suppl. Fig. 3A, available online at www.thrombosis-
online.com), while a trend toward a positive correlation was ob-
served during the 1st and 3rd trimesters (R*=0.12, p=0.052 and
R?=0.11, p=0.059, respectively; Suppl. Fig. 3A, available online at
www.thrombosis-online.com).

A B
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Figure 1: Plasma ZP1 (A) and PZ (B) levels in non-pregnant normal Jap-
anese and German female controls. Plasma concentrations of ZPl and PZ
were measured by ELISA methods. Data are presented as box-plots of medi-
ans with ranges of 25-75% and whiskers for ranges of 10-90%, and out-
liners are also included. A statistically significant difference was observed for
ZP! between normal Japanese (n=42) and German (n=64) controls
(p<0.001), while a trend toward a PZ lower than German was found in Jap-
anese (p=0.058).
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Plasma ZPI levels and PZ concentrations in patients ~  tant to note that the rang;
with RM both Japanese and Germ
than the results fo

itrol subjects was much narrower
d the current study).

ZP1 levels in non-pregnant patients with RM were similar to those
in non-pregnant normal women (p=0.30) (Fig. 4A). In addition,
plasma PZ levels in non-pregnant patients with RM were signifi-  divi ent study. It was reported that the increase in
cantly lower, when compared with non-pregnant normal women  pla: scontinuation of warfarin therapy was associ-
(p=0.03) (Fig. 4B). Nevertheless, a strong linear relationship be-  ated wi
tween the plasma levels of ZPI and PZ was demonstrated in pa
tients with RM (R*=0.34, p<0.0001; Suppl. Fig. 3B). Age did not af:
fect ZPI and PZ levels (data not shown).

ise in ZPI levels following discontinuation of warfarin
elated to a possible effect(s) of PZ, one of the vitamin
pendent proteins, on ZPI catabolism including clearance of
- ZP1-PZ complex, or the synthesis, secretion, or extra-vascular
compartmentalisation of ZPI may be affected by PZ (18), or both.
The exact mechanism of the inter-dependence of the plasma levels
of ZPI and PZ will be explored in the future.

It is likely that the newly discovered increase in concentrations
of ZPI during normal pregnancy is caused by the enhanced biosyn-
thesis of this protein by the liver and/or its retarded clearance from
the circulation, which might be related to a change in its post-

Discussion

Our present results indicate that the plasma 2
lower in Japanese than in German indi
els were similar in Japanese and Germ

B
%k *ik
100 —_
o=~
=
5
N
A
Figure 3: Plasma ZPI (A) and PZ (B) levels in
* Japanese women with normal pregnancy
0 L . . L ! 0 . L . . ! and in non-pregnant controls. Data are pres-
Nt : = = . - . . . . P .
E 2 E & ? = =2 E E g ep?ed as Qescrlbed in Figure 1. Statistically sig
5 = 5 3 nificant differences were observed for both ZPI
2 a 2 ~ d PZ bet h gestational period of
&  Trimester E Trimester an etween each gestational period 0
£ é women with normal pregnancy versus non-preg-
r4 Z nant controls. *, p<0.05; **, p<0.01 (vs. non-
pregnant control).
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5

translational modification. The suggestion that the placenta could
be the source of increased ZPI was excluded because no ZPI mRNA
was detected by Northern blot analysis (10). Hormones which in-
crease during pregnancy, such as oestrogen, progesterone, human
placental lactogen, prolactin, etc., may enhance the production of
ZPI. The placenta could be important as a source of placental hor-
mones but not of ZP1 itself, as discussed above.

Plasma concentrations of PZ also significantly increased as
pregnancy advanced in the present study, which is in good agree-
ment with previous reports in Caucasians (21, 22). A positive cor-
relation between increased levels of plasma ZPI and PZ was also
observed during all periods of normal pregnancy. It was reported
that significantly higher levels of both ZPI and PZ were observed in
women taking oral contraceptives (18), suggesting that oestrogen
(and progesterone) has a positive effect on the synthesis of both
ZPI and PZ, or that one of these two proteins affects the other. In
our hands, however, hormone replacement therapy did not signifi-
cantly influence either ZPI or PZ concentrations four weeks after
the treatment in 15 cases (unpublished data).

In addition to their increased biosynthesis, the parallel change
in ZPI and PZ levels may be attributable to the body’s concomitant
consumption of ZPI and PZ associated with the hyper-coagulabil-
ity of normal pregnancy (19, 23). ZPI is consumed by FXa during
coagulation, at least in vitro, and PZ is also digested by thrombin
(20).

A B
100 100
80 - 80 |
60 g 6
—_ L
= c)
=
= 40} N 4
= -
N
20 20
o 0
Non-preg RM

nts with RM. No stat-
p=0.30), while there was
nts with RM (n=134) vs.

Figure 4: Plasma ZPI (A) and PZ (B) level
istically significant difference was observ
a statistical difference in PZ (p=0.03) be
non-pregnant controls (n=42).

verse correlatlon be IgM antibody levels and PZ con-

Nevertheless, our present study also demonstrates a more ..

abrupt increase in ZPI over PZ, suggesting that distinct mech:
anisms are, at least in part, responsible for the elevation of th
two gene products during normal pregnancy.

Since normal pregnancy is accompanied by inc
number of coagulation factors including FX (24
the VKDPs and highly homologous to PZ (1), i
pregnant and non-pregnant Japanese individus

reported pre-
h closely resembles

available online at www.thrombosis-oi
viously by Stirling etal. (25) the patter:

artery thrombosis caused by ZP1 or PZ deficiency
ociated with inadequate placental perfusion, resulting in
complications of pregnancy. It is noteworthy that 35% of the off-
spring of ZPI-null were lost when their heterozygous adults were
mated (26). These results suggest that ZPI deficiency would be a
modest risk factor for miscarriage, at least in mice. These studies
implicate the role(s) of the ZPI in the maintenance of normal preg-
nancy, in particular concerning placental function.

Enhanced clearance and/or hyper-consumption of ZPI and PZ
caused by their autoantibodies could also lead to their secondary
deficiency. Along this line, it is interesting that there was a good in-

© Schattauer 2012

e limitations of this study include the relatively small
er of RM patients evaluated. Therefore, further studies are

“needed to elucidate the relevance of relative ZPI deficiency in ab-

normal pregnancy, e.g. by recruiting many more RM cases.

In conclusion, this is the first report on ZPI levels during nor-
mal pregnancy (as well as in cases of non-pregnant RM), and we
postulate that the elevated plasma concentrations of ZPI may be
important for restoring the shifted balance of fibrinolysis and co-
agulation toward hemostasis during normal pregnancy.
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What is known about this topic? :
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BACKGROUND: SYCP3 mutations have been shown to generate an aberrant synaptonemal complexina dominant- negatiVe manher and
to contribute to abnormal chromosomal behavior that might lead to recurrent mtscamage We examined whether SYCP3 mutatlon is assocx—

ated with recurrent mlscarrlage caused by embryonlc aneuploidy..

METHODS: The SYCP3 657T>C mutation was examined using PCR and sequencing in 101 patients with a history of three or more unex-
plained recurrent mlscarrlages and 82 fertile controls with no history of miscarriage. The embryomc karyotype in the aborted conceptus was

analyzed.

RESULTS: The 657T>C mutation of SYCP3 was sdentlﬂed in one patient with a history of six recurrent m|scarr|ages with embryomc
euploidy and one fertile woman in ' the control group. Patuents with abnormal and normal chromosome were found to repeat miscarriage

with abnormal ‘and normal chromosome, respectlvely

CONCLUSIONS: The 657T>C mutation of SYCP3 may not be associated with recurrent miscarriage caused by aneuplotdy We found no
clinical significance of routine examination of the SYCP3 mutation because only one benign mutation was ascertained in 101 patients,

Key words: SYCP3 / recurrent miscarriage / fetal chromosome / meiosis / polymorphism

introduction

SYCP3 mutations in women were found to generate an aberrant
synaptonemal complex in a dominant-negative manner and to contrib-
ute to abnormal chromosomal behavior that might lead to recurrent
miscarriage (Bolor &t af, 2009). Bolor et o (2009} found SYCP3
mutations in 2 of 26 (7.7%) patients with recurrent miscarriage.
SYCP3 is a DNA-binding protein and a structural component of the
synaptonemal complex, which mediates the synapsis or homologous
pairing of chromosomes during meiosis of the germ cells. Male mice
homozygous for the null mutation of the Sycp3 gene are sterile as a
result of massive apoptotic cell death in the testis during meiotic pro-
phase (Yuan et af., 2000). Sycp3-deficient female mice are subfertile
with a severely reduced oocyte pool. Although two-thirds of mouse
offspring are healthy, one-third is affected by aneuploidy and succumbs
during development in utero (Yuan et al., 2002). This is consistent with
the observations that in humans, a mutation in SYCP3 was identified in

two patients with azoospermia (Miyamoto et ai,, 2003), and that the
lack of SYCP3 gene expression in human testis may have a negative
effect on spermatogenesis and male fertility (Aarabi et af., 2006).
The identifiable causes of recurrent miscarriage may include abnor-
mal chromosomes in either partner (particularly translocations), anti-
phospholipid antibodies (aPL) and uterine anomalies (Farguharson
et af., 1984; Sugiure-Ogasawara et al, 2004, 2010). A currently prevail-
ing hypothesis is that recurrent miscarriage may be a polygenetic dis-
order associated with both genetic and environmental determinants.
Polymorphisms related to thrombophilia, such as Leiden mutation
and prothrombin mutation, are known to be associated with recurrent
miscarriage, although the mutations are not found in the Asian
population (Nelen et al.. {996, Rey et of, 2003; Rai and Regan,
2010). However, whether
Factor V Leiden and Factor Il prothrombin polymorphisms are risk

2006; Suzumort and Suglura-Ogasawara,

factors for recurrent miscarriage is controversial (Coulam et al,
2006; Goodman et af., 2006).

© The Author 201 |. Published by Oxford University Press on behalf of the European Society of Human Reproduction and Embryology. All rights reserved.
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An abnormal embryonic karyotype causes not only sporadic spon-
taneous abortion but also recurrent miscarriage because it was found
in 51% of recurrent cases (Qgasawars et al., 2000; Carp et of., 2001).
Bolor et al. {(2009) could not prove an association between the SYCP3
mutations found in 7.7% of patients and embryonic aneuploidy.

Preimplantation genetic screening (PGS) for aneuploidy has been
performed widely; however, there is no evidence of its ability to
improve delivery rates (Platteau et ol, 2005; The ACOG., 2009;
Harper et of., 2010). The SYCP3 mutation might be a candidate for
selection of cases for PGS if an association between the mutation
and aneuploidy is established. Also, the 7.7% frequency of SYCP3
mutation is relatively high because the frequency of translocations,
aPL and major uterine anomalies is 4.5% (Sugiura-Qgasawara et al.,
2004), 10.7% (Balasch et al,1990) and 3.2% (Sugiura-Ogasawara
et al.. 2010), respectively. Here we investigate whether SYCP3
mutations may be associated with recurrent miscarriage caused by
aneuploidy.

Materials and Methods

Patients

All patients underwent a systematic examination, including hysterosalpin-
gography, chromosome analysis for both partners, determination of aPL,
including lupus anticoagulant and B2glycoprotein I-dependent anticardioli-
pin antibodies (Qgasawara et af., 1996), and blood tests for hyperthyroid-
ism, diabetes mellitus and hyperprolactinemia before subsequent
pregnancy in Nagoya City University Hospital between 2007 and 2010.
A blood sample was taken at the examination and frozen at —70°C
before analysis. Patients with identifiable causes of miscarriage, such as
translocations, aPL and uterine anomalies, were excluded. The 81 patients
for whom a previous or subsequent embryonic (or fetal) karyotype was
ascertained at least one time were studied. A further 20 patients for
whom the embryonic karyotype was unknown were added.

In Japan, miscarriage is defined as loss within 22 weeks gestation and
stillbirth is defined as loss at 22 or more weeks of gestation. Stillbirths
after 22 weeks gestation were included in the present study and shown
as prior history in Table 1.

A total of 10} patients with a history of three or more (3—16) unex-
plained consecutive first-trimester miscarriages were examined. Sub-
sequent pregnancies were followed up until October 2010. The mean
age of participants at examination was 34.4 + 3.8 years, and the
average number of previous miscarriages was 3.8 + 2.7. Twenty-four
patients had a history of live birth and two patients experienced recurrent
miscarriage after changing partner, having had a live birth by a previous
partner. The mean number of previous live births was 0.27 + 0.5.

Gestational-age was calculated based on basal body temperature charts.
Ultrasonography was performed once a week from 4 to 8 weeks of ges-
tation. Dilation and curettage was carried out when miscarriages were
diagnosed, and the karyotypes of aborted conceptuses were determined
using a standard G-banding technique.

The 82 fertile women with no history of recurrent miscarriage and com-
plications of pregnancy were examined as controls. The fertile controls
were recruited in Nagoya City University Hospital and Asamoto
Women's Clinic. The mean age of women in the control group was
32.3 £ 6.2 years, and the average number of deliveries was 1.53 + 0.6.

The study was approved by the Research Ethics Committee of Nagoya
City University Graduate School of Medical Sciences. Each patient pro-
vided their written consent after full disclosure about the purpose and
methods to be employed.

LDNA analysis

Genomic DNA was extracted from peripheral blood samples with the Midi
Blood DNA Extraction kit (Qiagen, Tokyo, Japan). Oligonucleotide primers
were designed to amplify each coding sequence, as well as exon—intron
boundaries of the human SYCP3 gene, encompassing exons 7-9
(GenBank accession number NM_153694). The sense and antisense PCR
and sequence primers for SYCP3 were, respectively, 5-GATGGCGTG
TGCCTATAATCCAAG-3' and 5-CGTCTTTATTTAATTGACAGTGT
TAG-3'. Additional direct sequence primers were 5-GTCAT
GTTGCTCAGGCTGGTC-3, 5-TCTGTGGATTGATAATTATCTACT
G-3, 5-TCCAATGCTCTGAGAACC-3" and 5-TCACCACAGC
AAGTTGTG-3'. The coding exons 7—9 and exon—intron boundaries of
human SYCP3 gene were amplified by PCR and sequenced using the Big
Dye Terminator v3.1 Cycle Sequencing kit (AB! Prism, Applied Biosystems,
Foster City, CA, USA) on a 3100 automated sequencer.

Resuits

Heterozygous 657T >C mutation in exon 8 of SYCP3 was ascertained
in one of 101 patients who had had six recurrent miscarriage and in
one of the 82 fertile controls (Fig. i). The IVS7-16_19 delACTT pre-
viously reported in one patient with recurrent miscarriage or 643delA
previously reported in two patients with azoospermia was not found
in any patients with recurrent miscarriage or in fertile controls. No
other new mutation was found in patients with recurrent miscarriage
or controls.

Thirty-two patients experienced miscarriage with a normal embryo-
nic (fetal) chromosome karyotype, and 47 patients presented an
abnormal embryonic (fetal) karyotype (Table {). Two patients had mis-
carriages with both normal and abnormal karyotype.

Patient No. 77 with the 657T>C mutation was 31 years old and
experienced a total of six miscarriages and no live birth. Available
fetal karyotypes were shown as 46, XX and 46, XY. The control
with the 657T>C mutation had a history of one live birth and no
miscarriage.

Nine patients (No. 39-47) had repeated miscarriage with an
abnormal karyotype, and seven patients (No. 75-81) had repeated
miscarriage with a normal karyotype. Only 2 out of 18 (I11.1%)
patients had experienced miscarriages with both abnormal and
normal embryonic karyotypes.

Discussion

In the present study, we found a heterozygous 6577 >C mutation in
exon 8 of the SYCP3 gene in one patient and one fertile control. We
could not find the IVS7-16_19 delACTT reported in one patient with
recurrent miscarriage or 643delA reported in two patients with azoos-
permia in any patients with recurrent miscarriage or in fertile controls
(Mivamoto et of., 2003; Bolor et al., 2009). No other new mutation
was found in patients with recurrent miscarriage or controls.

Bolor et al. {(2009) reported that 7.7% (2 of 26) patients with unex-
plained recurrent miscarriage were found to carry independent het-
erozygous nucleotide alterations, IVS7-16_19delACTT and 657T>C
in SYCP3, neither of which was present among a control group of
150 fertile women. They also reported that analysis of transcripts
from minigenes harboring each of these two mutations revealed that
both mutations affected normal splicing, possibly resulting in the
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‘Table | Previous miscarriage, live birth and subsequent pregnancy outcome with karyotype analysis (n = 101 patients).

Pt.

Prior history

Age (year)

Karyotype of
miscarriage

Karyotype

Cumulative live birth

W N N AW N —

10

12

13
14

15
16
17
18

19
20
21
22
23
24

A WD AW W NN D W

Hw

AW A N

w W W owN

o O O

o O -

#3 47 XY, +16

#3 69, XXY

#3

47.XY,— 13, 4i(13)(p10),+
i(13)(q10)[111/46.XY,
—13,4i(13)(q10)[19]

#2 47,XY,+ 18 stillbirth 32w

#3 45X

#4 48, XY,+ 10,+ 13[12]/
47,XY,+13[8]

#3 47 XX, +12

#4
46,XY,5cenh+,add(8)(p23)
[71/46,XY ,5cenh+[13]

#3 47 XY,+7
#4 47 XY, +3
#3 47.XY,+16

46,XX.del(6)(q27)[ 12}/
46,XX,add(6)(q27)[31/
46,XX,2dd(6)(q27)[2)/

#3 45 XY, =21
#3 45X
#2 47 XX, +22

#3 47 XY, 416

32
3t
42
35

40
32

38
34
36
37

33
30
32
32
40
31

Outcome
ro
s s
f
f s
f s
f s
s
no
s
f 3
s
no
s
s
s
no
s
s
f s
f s
no
f s
f s

47, XX,+22
47 XX, +21
48,XX,+8,+22
47.XY,+16

47 XX, +22

46, XX der(6)t(1:6)(q! 1:q27)[2)/
46,XX. der(6)t(6:9)(q27:q1 2)[ 1]

48, XX, +15,+20
ND*

48 XX, +14,+15
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Table | Continued

Pt. Prior history Age (year) Subsequent pregnancy Karyotype Cumulative live birth
No.yof PM a No ofLV AAAA k’al‘;y.t‘)tn’:'e o% pre;iou;v4, “ 6l;tc;;1e VVVVVVVV Karyotype of “““““““““““““ ‘
miscarriage miscarriage
25 4 0 #3 47,422 39 s A y
26 2 0 37 f 47 XY A n
27 3 0 34 f 47.XY,+16 A n
28 2 0 39 f 47 XX +16 A n
29 2 0 32 f 47, XY,+ 16 A n
30 5 0 #5 46 X,+16 27 f Bio Misc A n
31 3 0 28 f 47 XX+ 13 A n
32 5 0 46 f 47 XX, +22 A n
33 3 0 #3 47, XX,add(2)(q37),+20 42 no a n
34 4 0 #1 stillbirth 16w; #4 39 no a n
47.XY,+15
35 3 0 41 f 47 XX, +16 a n
36 4 0 43 f 48, XY,+16,+21 a n
37 4 0 38 f 46,X,+3 a n
38 6 0 #1 stillbirth 33w; #4 45X 37 no a n
39 7 0 #5 47 XX, 4 16; #7 45X 30 s aa y
40 6 0 #6 47 XY,+ 16 32 f s 47 XX, +13 aa y
41 2 I 47 XY, +21™ 30 f 47 XX,+5 aa y
42 3 0 #3 47.XX,+ 16 29 f s 47, XX,+3 aa y
43 ) | #6 47, XX,+ 16 41 f 47 XX+ 12 aa y
44 2 0 #2 46,XY,add(8)(p23) 33 f 47, XY, 416 aa n
45 4 #2 45X, #4 35 no aa n
47 XX, +idic(8)(q?21.2)
46 2 30 f f 47, XX, + 1545 X aa n
47 2 0 #2 47 XX, + 15 35 f 45X aa n
48 14 2 #1247 XX, + 16 #14 46 XY, 45 no an y
2 children with previous
husband
49 4 ! #3 47 XY, +16;#4 46, XX 30 f 46,XY ann y
50 4 0 #4 46,XY 35 s s n y
51 4 0 #1 Stillbirth 28w; #4 46,XX 28 s On-going preg.EDC06/27/11 n y
52 4 0 #3 Stillbirth 18w 35 f s 46,XY stillbirth 33w n y
53 3 0 #3 46, XY 33 s n y
54 5 | #5 46, XY 36 s n y
55 4 | #3 46, XY 36 no n y
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56
57
58
59
60
6l
62
63
64
65
66
67
68
69
70
71
72
73
74
75
76
77
78

79

80

8l

82
83
84
85
86
87
88
89
90

W N W NN W N WD W W W W W W N W W

o O - — O O O

O O 0O 0O O 0O O 0O O 0 0O O O o O

o O O o o

o o —

#3 46,XX
#3 46,XX

#3 46, XX
#3 46,XX
#4 stillbirth 5w
#3 46,XX
#3 46,XY

46,XY

#3 46, XY

#3 46,XX

#3 46,XX

#2 46 XX; #3 46 XY
#2 46,XY
#5 46, XY

#3 46,XX; #4 46, XY; #5
46,XY

#3# 44,6 46 XX,inv(9); #5
46,XY,inv(9)

#5 46, XX#6 46, XX #8
46,XY

#4 46,XY; 46,XX; 46,XX;
46,XX

#2 stillbirth 5w

30
32
34
35
33
37
33
37
26
34
40
32
35
39
28
36
30
34
31
31
22
31
36

31

38

33

31
39
26
38
33
35
28
30
35

no

- o

no

46,XX

46,XX stillbirth 13w

46,XX
Normal Karyotype

46 XX
NT*
46.XX

46,XX
46,XY

46,XY

46,XY; On-going preg.EDC 05/27/1 1
46,XY

46, XX t(11;19)(q21;q13.1)
[41/46,XX[26], Bio Misc

On-going preg. EDC 02/23/11

46,XX

46,XX; 46,XX; 46,XX

Bio Misc
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Table | Continued

Pt. Prior history

Age (year)

Karyotype of previous
miscarriage

2 children with previous 34
husband

No. of P.M.

91 3

92 3

93 3

94 5

95 2

96 4

97 4

98 3

9 4

100 3

101 4
3.782178
2.681805

o O O O O O o O

0
0.267327
0.507762

#1 stillbirth 18w; #3 stillbirth 32

23w

37
34.347
4.4033

Subsequent pregnancy Karyotype Cumulative live birth
outcome ,,,,,,,,,,, Karwty ',’,e. of ........................
miscarriage

s Y
s On-going preg.EDC03/24/1 y
s Y
f ND* n
f Bio Misc n
no n
no n
no n
no n
no n
f Bio Misc n

*ND, not detected; **NT, not tested; ***Live birth, He is 8 years old:: Pt., patient; P.M., previous miscarriage; L;V,.‘Live Birth; Bio Misc, biochemical miscarriage, decreasfng hCGs < 1500 m|U/ ml; age, age at examination karyotype; a,
aneuploidy; n, normal karyotype (euploidy) from Pt. 181, karyotype were knowed in proir history or subsequent pregnancy; ‘Outcome’ reflect the cor)tlusion of subsequent pregnancy; 's” means success in live birth delivery; ‘' means failure,

miscarriage.
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