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Abstract
Objective—To report the first tertiary monosomy in a pregnancy loss to a female t(11;22) carrier.

Methods—The patient was a 34-year-old G10P1 female known to have a balanced translocation t
(11;22)(g23;0911.2). She had one female livebirth (a translocation carrier) and eight miscarriages.
Five female relatives known to be translocation carriers had a history of breast cancer, three of them
premenopausally. The patient herself had a malignant melanoma.

Results—During the 10th pregnancy, ultrasound showed a viable embryo at 6 weeks of gestation,
but loss of embryonic heartbeat by 7.5 weeks. Culture of the products of conception at 8 weeks of
gestation showed the karyotype: 46,XY,+2,der(11)t(11;22)(g23;q11.2)mat, —22[4]/45,XY ,der(11)t
(11;22)(g23;911.2)mat,—22[4], resulting from fertilization of the maternal 3 : 1 segregation product
containing only the der(11) by a normal gamete. Subsequently, she became pregnant with a normal
46,XX fetus. FISH analysis indicated that the breakpoints on 11qg and 22q in the patient were in the
previously described region common to typical recurrent t(11;22). In addition, a nested-PCR-based
approach showed that they were located within the same palindromic AT-rich sequence previously
described.

Conclusion—This case demonstrates that the tertiary monosomy resulting fromthe 3: 1
segregation is compatible with embryonic survival into the first trimester. It is also another example
of apparent association of the constitutional translocation t(11;22) and breast cancer.
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INTRODUCTION

Thet(11;22)(g923;911.2) is the only recurring constitutional reciprocal translocation in humans,
and has been observed in more than 100 unrelated families of different ethnic and racial
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backgrounds (Fraccaro et al., 1980; Zackai and Emanuel, 1980; Iselius et al., 1983). Most
carriers of this translocation are ascertained because of abnormal offspring with the karyotype
47, XX or XY,+der(22)t(11;22)(q23;911.2), resulting from 3 : 1 meiosis | segregation (Shaikh
et al., 1999). This suggests either that this is a preferential mode of segregation or that this
segregation product is the most likely to be viable to the time of amniocentesis and to term.

The clinical picture has been recorded often: these children have craniofacial anomalies,
congenital heart defects and mental retardation (Zackai and Emanuel, 1980; Lin et al., 1986).
An association between female carriers of the t(11;22) and breast cancer has been previously
reported (Lindblom et al., 1994), but this has not been observed in other series (Kurahashi et
al., 2000a).

Here, we report the first example of a conception with 45 chromosomes that received only the
der(11) by 3: 1 segregation from a female balanced t(11;22)(q23p;q11.2) carrier. This family
is also remarkable for a strong family history of early onset breast cancer segregating with the
balanced translocation.

CASE REPORT

The patient was a 34-year-old G10P1 female with a 46,XX,t (11;22)(g23;911.2) karyotype
referred for reproductive planning and breast cancer risk evaluation. A karyotype had been
performed after her maternal first cousin was diagnosed with an unbalanced 47,XX,+der(22)
t(11;22)(g23;g11.2) translocation associated with severe mental retardation. Subsequent
karyotypic analysis of the family demonstrated that her two maternal aunts, mother, maternal
female cousin, sister and daughter were all balanced translocation carriers. The patient had a
total of eight miscarriages in the first trimester. There was no karyotypic information on any
of these miscarriages. Notably, no other female balanced translocation carriers in the family
had a history of infertility or multiple miscarriages.

The patient’s family history was remarkable for six cases of breast cancer on the maternal side
of the family, three of which were premenopausal. Aside from the patient and her daughter,
who are the youngest translocation carriers, each of the other five women carrying the balanced
t(11;22) had a history of breast cancer. In addition, a deceased maternal great aunt of unknown
carrier status had been diagnosed with breast cancer in her 40 s. The patient’s sister who had
breast cancer diagnosed at the age of 40 had comprehensive BRCA1 and BRCAZ2 testing, and
no mutations were identified. The patient herself was diagnosed with malignant melanoma at
the age of 30.

During the 10th pregnancy, ultrasound showed a viable embryo at 6 weeks of gestation, but
loss of embryonic heartbeat by 7.5 weeks. Culture of the products of conception after a D&C
at 8 weeks of gestation showed the karyotype: 46,XY,+2,der(11)t (11;22)(g23;911.2)mat,—22
[4]/45,XY ,der(11)t(11;22) (923;q11.2)mat,—22[4] (Figure 1). In the next pregnancy, the
patient delivered a healthy 46,XX child.

FISH and molecular studies were carried out on a blood sample from the carrier mother. FISH
using a probe for the ATM gene mapping to 11922 hybridized to its normal position on both
the chromosomes 11, indicating that the translocation breakpoint was distal to the ATM locus.
Further FISH analysis was performed using the probes described by Shaikh et al. (1999). BAC
442e11, from the RPCI11 human BAC library (Roswell Park Cancer Institute), was used as a
FISH probe. Signal from BAC 442e11 was detected on the normal 11, the der(11) and the der
(22) chromosomes, suggesting that BAC 442e11 spans the t(11;22) breakpoint on chromosome
11 (data not shown). These results are the same as have been observed in multiple t(11;22)
carriers (Shaikh et al., 1999).
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In addition, a nested-PCR-based approach described by Kurahashi et al. (2000a) was used to
analyze the breakpoints in this patient and in a normal control individual. With the primers and
conditions described by the authors, the junction fragments from the der(11) and from the der
(22) could be amplified from the patient who is the carrier of the t(11;22). The translocation-
specific PCR products were absent from a normal control individual (results not shown). These
findings suggest that the t(11;22) breakpoints are located within the same PATRR (palindromic
AT-rich repeat) on chromosome 11 and chromosome 22, as was found in other individuals
carrying this translocation (Kurahashi et al., 2000a). Sequence analysis of the PCR products
confirmed that the breakpoints were within the same PATRRs on chromosome 11 and 22 as
previously reported.

DISCUSSION

The intervals on 22q11 (Funke et al., 1999) and 11g23 (Edelmann et al., 1999) that contain
the region of chromosome breakage have been mapped and cloned (Kurahashi et al.,
2000a,b; Edelmann et al., 2001). The sites of chromosome breakage on 11923 and 22g11 occur
in AT-rich palindromic sequences. Such sequences are known to be unstable in eukaryotic
genomes. The sites of chromosome breakage occur in the center of the palindromes of both
parental chromosomes 11923 and 2211 (Edelmann et al., 2001; Kurahashi and Emanuel,
2001). Kurahashi et al. (2002b) and Gotter et al. (2004) hypothesized that double-strand breaks
at the tip of a putative hairpin, the center of the palindrome, lead to nonhomologous end-joining
mechanisms that result in the formation of a stable, nonpalindromic sequence. Kurahashi et
al. (2004) have demonstrated that these palindromic sequences form cruciform structures that
are inherently unstable.

Table 1 shows the unbalanced segregants that have been reported for carriers of the t(11;22).
Almost all reported cases have the karyotype 47, XX/XY ,+der(22), which is the result of 3: 1
meiosis | malsegregation in the parent carrying a balanced t(11;22). This was demonstrated by
Shaikh et al. (1999) using short-tandem-repeat polymorphism markers on both chromosome
11 and 22 for all 16 families they investigated. Only rare cases of apparent 2 : 2 segregation
have been identified. The single example with a 46,XX,der(22) karyotype, with monosomy
for 22q and trisomy for 11q, was found in an early embryonic death resulting in an empty sac
(Soler et al., 1993). The other cases produced viable offspring due to subsequent events that
rescued the monosomy 22: in one case through a maternal M1 nondisjunction of 22 (Dawson
et al., 1996), and, in others, most probably by postzygotic nondisjunction involving the der
(22) chromosome (Kulharya et al., 2002). Five cases with karyotype 47,t(11;22),+der(22) and
phenotype similar to the usual der(22) have been reported (Lockwood et al., 1989;Abeliovich
and Carmi, 1990;Lurie and Podelschuk, 1992;Simi et al., 1992;Petkovic et al.,1996). The first
four groups postulated that this was the result of a second meiosis or postzygotic nondisjunction
following 2 : 2 alternate segregation. However, Lindenbaum (1990) pointed out that a crossover
within the chromosome 22 interstitial segment, followed by 3 : 1 segregation, would have the
same outcome. Petkovic et al. (1996), using the evidence of polymorphism for inheritance of
the paternal chromosome 22 in their case, supported Lindenbaum’s suggestion. Armstrong et
al. (2000) also proposed that this rare outcome of 47,t(11;22)(q23;q11),+der(22) can be
produced only by 3 : 1 segregation from a complete ring, a configuration that has interstitial
chiasmata in both chromosome 11 and 22.

We present here the first reported case of the tertiary monosomy resulting from the same 3 : 1
segregation that leads to live-born offspring with the der(22) syndrome. This specimen, with
the 45,XY ,der(11)t(11;22)(q23; g11.2),—22 is the result of the fertilization of the reciprocal 3:
1 segregation product, containing the left over der(11), by a normal haploid gamete. The result
is monosomy for 22q proximal to q11.2 and monosomy for 11q distal to q23. The mosaicism
for trisomy 2 in this specimen is likely due a postzygotic mitotic error, resulting either in the
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loss of a chromosome 2 in an originally trisomic conception, or the duplication of one of the
parental chromosomes 2. A trisomy arising in culture is also possible. The fact that this
pregnancy had a normal ultrasound with a beating heart at 6 weeks of gestation demonstrates
that the embryo was viable up to that point, though it died shortly thereafter.

The question of whether 3 : 1 segregation products are especially common in the t(11;22)
translocation is in dispute. Drect studies of meiotic segregation have been published from four
male carriers. Martin (1984) examined just 13 sperm chromosome preparations from at(11;22)
carrier and found 10 to be unbalanced, of which only 2 were 3 : 1 segregants. Estop et al.
(1999) used FISH to examine segregation patterns in 1925 sperm from a t(11;22) carrier and
found 73% to be unbalanced, with 40% having 3 : 1 segregation patterns. Van Assche et al.
(1999) studied 1012 sperm using FISH and found 34.6% 3 : 1 segregants. In both the latter
cases, monosomies greatly outnumbered those with an extra chromosome, raising the
possibility that hybridization failure might account for some of these results. Armstrong et
al. (2000) examined meiotic chromosomes from a testis biopsy of a t(11;22) carrier, and
concluded that regular quadrivalent formation with an increased tendency for crossovers in the
interstitial segments was the usual situation, not one favoring 3 : 1 segregation. From their
meiosis Il preparations, they estimated that only 11.5% of sperm would be the result of 3 : 1
segregation. However, almost all unbalanced progeny from t(11;22) carriers result from
maternal segregation, not paternal, and these patterns could be quite different. It is noteworthy
that in the few reported cases that are not a result of 3 : 1 segregation, the translocation was
paternal in origin in all except one case (Table 1). Karyotyping of early abortuses from the
female translocation carriers might be able to provide more information on the segregation
patterns.

Whether or not 3 : 1 segregation is unusually frequent in this t(11;22) translocation, the virtual
absence of other viable pregnancies with other unbalanced segregation products indicates the
lack of viability of unbalanced embryos other than those with tertiary trisomy. Analysis of
prenatal diagnoses in known carriers of the common t(11;22) translocation have shown about
a 7% probability that the fetus will have tertiary trisomy resulting from 3: 1 segregation (where
the gamete contains two normal chromosomes of the tetravalent plus one of the translocation
chromosomes) (Daniel et al., 1989). Carrier mothers have more offspring than carrier fathers,
pointing to a reduced fertility in the male heterozygote. The risk of miscarriage in the
translocation carrier is greater (in the range of 20-30%) than the background population risk
of 15% for a recognized pregnancy to miscarry (Stengel-Rutkowski et al., 1988). However,
our patient’s very high rate of pregnancy loss (9/11 pregnancies) is much higher than the quoted
risk, as well as greater than other carriers in her own family. It is unknown whether this was
the result of nonviable products of the translocation, since karyotypic studies were performed
only on the last pregnancy.

The other interesting feature of our family is the apparent co-segregation of breast cancer and
the t(11;22) translocation. This association has been previously suggested by the study of
Lindblom et al. (1994), where the incidence of breast cancer was noted to be significantly
higher among carriers of the balanced translocation. This suggested the involvement of genes
on 11qg and/or 22q in the tumorigenesis of breast cancer. In our patient, FISH eliminated the
possibility that the translocation could have disrupted the ATM gene located near the t(11;22)
breakpoint on 11923, and showed that there was no apparent difference between the
breakpoints in our family and those that have been described for other cases of t(11;22).
Kurahashi et al. (2000a) also demonstrated the same breakpoint in one of their patients who
came from a family with breast cancer. Another possibility suggested by Kurahashi et al.
(2000a) would be a “position effect” generated by the translocation or that the loss of the der
(22) in breast tissue could unmask a mutation of a gene on the normal homologue of 11 or 22.
The possible increased risk of breast cancer in the carriers of t(11;22) needs confirmation in
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an appropriately designed study. Until then, increased cancer surveillance would seem
warranted in female carriers, particularly if there is a family history of breast cancer.
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Figure 1.
46,XY,+2,der(11)t(11;22)(q23;q11.2)mat, —22 karyotype of the products of conception from
the 10th pregnancy of the patient
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Review of the unbalanced karyotypes resulting from different segregation patterns in the carriers of t(11;22)

Karyotype Segregation Outcome Reference
47, XXIXY +der(22)t(11;22)(g23;911.2) 3:1 der(22) syndrome Zackai and
Emanuel
(1980); Shaikh
et al. (1999)
47,XX,+der(22)t(11,22)(g23;911.2) 2 : 2 adjacent-1 der(22) syndrome Dawson et al.
(pat. de novo) + (1996)
mat. Ml
nondisjunction of
chr 22
47, XXIXY t(11;22)(923;q11.2)pat, +der(22) ?2:2alternate + der(22) syndrome Lockwood et al.
Mil or (1989);
postzygotic Abeliovich and
nondisjunction of Carmi (1990);
der(22) Lurie and
Podelschuk
(1992); Simi et
al. (1992)
47,XX,t(11;22)(923;q11.2)pat,+der(22) Crossover within der(22) syndrome Petkovic et al.

46,XX,der(22)t(11;22)(q23;q11.2)pat

46.XY,der(22)t(11;22)(q23;q11.2)mat/46, XY

45,XY,der(11)t(11;22)(g23;q11.2)mat,—22

chr22+3:1
segregation

2 : 2 adjacent-1

2:2o0r3:1with
multiple
postzygotic
errors

3:1

Empty sac (one of
triplets)

26 year old with
moderate mental
retardation

Embryonic death
at 7 weeks.

(1996)

Soler et al.
(1993)

Kulharya et al.
(2002)

This report
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