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Abstract

Background: Monozygotic twins with 45,X/46,XY mosaicism, discordant for phe-
notypic sex, are extremely rare.

Methods: This report describes the clinical findings of a rare case of 45,X/46,XY
mosaicism in monozygotic twins with different external genitalia. Single nucleotide
polymorphism (SNP) array analysis, performed by collecting DNA from each um-
bilical cord, showed identical SNPs in the autosomal chromosomes of both fetuses.
Results: Chorionic villus sampling of a 37-year-old primigravida carrying monozy-
gotic twins revealed a 45,X/46,XY karyotype. Autopsy of the aborted fetuses re-
vealed a penis and testes on one fetus and a vagina, uterus, and ovaries in the other
fetus—which also had severe cystic hygroma. Cell counting using fluorescence in
situ hybridization with XY probes (XY-FISH) showed 20% and 80% abundance of
45,X cells in the internal genitalia, liver, heart, lung, adrenal gland, bone marrow,
and spine of the male and female fetuses, respectively.

Conclusion: These results indicated that the fetuses were genetically monozygotic
twins and their different degrees of mosaicism may have resulted in different genital

phenotypes.
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phenotypic sex, are extremely rare. This discordance may be
associated with 45,X and 46,XY mosaic cell lines (Rohrer,

The occurrence of the 45,X/46,XY mosaic karyotype is
rare, with an incidence of approximately 0.15% at birth
(Hamerton, Canning, Ray, & Smith, 1975). A broad spec-
trum of phenotypes, ranging from normal to the “classi-
cal” Turner syndrome, has been observed in patients with
45,X/46,XY mosaicism (Hsu, 1994). However, monozy-
gotic twins with 45,X/46,XY mosaicism, discordant for

Gassmann, Rauch, Pfeiffer, & Doerr, 2004), and the dis-
cordant mosaicism rate in twins is associated with the du-
ration of separation from the mother (Wachtel, Somkuti, &
Schinfeld, 2000). To date, only six cases of monozygotic
twins with 45,X/46,XY mosaicism and discordant for pheno-
typic sex, have been reported (Arizawa, Suehara, Takemura,
& Nakayama, 1988; Costa et al., 1998; Gonsoulin, Copeland,
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FIGURE 1 (a) Ultrasonography images revealing cystic hygroma in fetus 1 (left) and healthy fetus 2 (right). (b) Ultrasonography images
of fetuses with different external genitalia. External genitalia of female fetus 1 (left) and male fetus 2 (right). (c) In fetus 1 (left), severe cystic
hygroma and clitoral hypertrophy were detected. In fetus 2 (right), major anomalies could not be detected without bilateral cryptorchidism
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TABLE 1 Percentages and cell counts of the 45,X/46,XY karyotype by XY-FISH in several organs
Sample material (% (Cell counts))
Ectoderm/
Ectoderm  Mesoderm Mesoderm Endoderm
External Adrenal Bone Total (% (Cell
genitalia Karyotype Spine grand marrow Heart Gonad Liver Lung counts))
Fetusl (female 45,X 93.4 (113)  88.7 (47) 97.6 89.3 (75) 98.2 (165) 354 (121) 98.6(485) 80.9 (1,086)
twin) (80)
46,XY 6.6 (8) 11.3 (6) 24(2) 10.7 (9) 1.8 (3) 64.6 (221) 1.4(7) 19.1 (256)
Fetus2 (male 45X 20.0 (29) 23.3 (41) 26.8 20.4 (32) 23.3 (68) 16.3 (76) 9.9 (39) 18.1 (318)
twin) (33)
46,XY 80.0 (116)  76.7 (135)  73.2 79.6 (125)  76.7(224) 83.7(389) 90.1 (356) 81.9(1,435)
(90)

Carpenter, Hughes, & Elder, 1990; Karp, Bryant, Tagatz,
Giblett, & Fialkow, 1975; Reindollar, Byrd, Hahn, Haseltine,
& McDonough, 1987). Because many of the patients are
alive, mosaicism of the above patients was analyzed in spe-
cific cells, such as lymphocytes and fibroblasts. Therefore,
there are few reports regarding the status of mosaicism in
organs consisting of ectoderm, mesoderm, and endoderm,
specifically in cases of 45,X/46,XY mosaicism.

We studied a case of monozygotic twins with 45,X/46,XY
mosaicism and different external genitalia; we hypothesized
that the differences in external genitalia were due to differ-
ences in the degree of 45,X/46,XY mosaicism in the organs.
Here, we describe the clinical findings and cytogenetic and
molecular analyses of this rare case of 45,X/46,XY mosa-
icism and discuss its underlying etiology.

2 | CLINICAL REPORT

A 37-year-old primigravida woman with no previous medical
history was referred to the obstetrics department at the National
Center for Child Health and Development at 12 0/7 weeks of
gestation for fetal evaluation. She had been consuming folic
acid and multivitamins before pregnancy and underwent in-
tracytoplasmic sperm injection with a single embryo transfer.
Ultrasonography revealed monochorionic diamniotic twins
and severe cystic hygroma in one of the fetuses (Figure 1a).
The patient had no family history of multiple pregnancies,
fetal malformations, or miscarriage. After counseling with
clinical geneticists, chorionic villus sampling was performed
at 12 5/7 weeks of gestation, revealing a 45,X/46,XY karyo-
type. Since it has been reported that cystic hygroma on prena-
tal ultrasound is attributable to Turner syndrome in 30%—70%
of cases (Alpman et al., 2009), at this point, the cystic hygroma
was assumed to be caused by Turner mosaicism. However, it
was not clear whether both fetuses were Turner mosaics, or if
one fetus was Turner mosaic and the other was not. Moreover,

we also demonstrated the possibility of confined placental
mosaicism in the parents. At 17 2/7 weeks of gestation, ultra-
sonography detected that the fetus with cystic hygroma had
external female genitalia while the other fetus had external
male genitalia (Figure 1b). These findings suggested that the
female fetus with cystic hygroma was Turner mosaic, whereas
the male fetus was either normal or Turner mosaic with low
mosaicism. During the genetic counseling sessions, we ex-
plained the impossibility of performing selective feticide of
only one fetus in Japan and that the only choices were to ei-
ther continue the pregnancy or abort both fetuses. Moreover,
we proposed that the patient receive amniocentesis, but she
denied the proposal. After repeated genetic counseling ses-
sions, the patient and her husband opted for an abortion at 18
4/7 weeks of gestation. An autopsy revealed a normal penis
and testes in one fetus and a normal vagina, uterus, and ova-
ries in the other fetus, which also had severe cystic hygroma
(Figure 1c). No streak gonads were diagnosed pathologically
in either fetus. The vascular anastomoses between the twins
were confirmed by pathological examination of the placenta.
This pathological finding suggested that the monochorionic
diamniotic twins originated from monozygotic twins.

We examined the genetic background of the fetuses to bet-
ter understand the etiology of their condition. The Research
Ethics Committee at the National Center for Child Health and
Development approved this genetic study (Approval number:
234, 2206). Written consent was obtained from the patient for
publication of the case. First, to confirm that the origin of these
fetuses was monozygotic and to exclude the possibility of con-
fined placental mosaicism in the villi, we collected DNA from
each umbilical cord to compare single nucleotide polymor-
phisms (SNPs) using SNP-array analysis (HumanCytoSNP-12
v2.1, [llumina Inc.®). After confirming that all 274,099 SNPs,
except probes on chromosomes X and Y, were matched be-
tween both fetuses, the two fetuses were determined to be
genetically monozygotic twins. Assessment of structural ab-
normalities in the fetal chromosomes revealed that only one
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and past case reports, the high percentage of 45,X cells of the
gonads may be related to the female phenotype (Table 2).

Since all SNP probes were matched in both fetuses,
the monochorionic diamniotic twins were confirmed to be
monozygotic twins. This suggested that one embryo with the
46,XY karyotype was split into 45,X and 46,XY cell lines.
As both fetuses presented 45,X/46,XY mosaicism, an abnor-
mal mosaic embryo was likely to be present before splitting.
Imbalanced inner cell mass splitting was presumed to cause
the abundance of mosaicism in the twins.

Owing to the rarity of monozygotic twins with differ-
ent genitalia, only a few cases diagnosed prenatally have
been reported. Usually, the presence of different genitalia
in twin fetuses suggests dizygous twins. However, as in this
case, monozygotic twins with different genitalia can exist.
Therefore, obstetricians may consider complications, such
as twin-to-twin transfusion syndrome and twin anemia-
polycythemia sequence, for such cases.

Despite the limited information available about the pre-
natal diagnosis of 45,X/46,XY mosaic twins, the parents in
this case opted for artificial abortion after genetic counseling.
According to previous literature, many cases of 45,X/46,XY
mosaic twins are alive and live normally. The prenatal case
of 45,X/46,XY monozygotic twins with different sex pheno-
types is extremely rare, and pregnancy and postnatal course
are not well known. These factors may have caused the par-
ents anxiety and could have influenced their decision to select
artificial abortion. Although the parents opted for an artificial
abortion in this case, the etiology and laboratory findings ob-
tained from this case provide valuable information for future
genetic counseling.

4 | CONCLUSIONS

In summary, we report an extremely rare case of monozygotic
twins with a 45,X/46,XY karyotype and confirmed that this
discordant sex phenotype can be observed in cases that do not
involve dizygotic twins. Differences in the degree of mosaicism
might be related to the female fetus exhibiting symptoms of
Turner syndrome. Moreover, cases who have survived without
problems have also been reported. It is, therefore, necessary to
address pregnancy management after accurately communicat-
ing these facts to parents. Moreover, cytogenetic analyses of the
case presented here provide new insight into the cause of this
phenotype that can undoubtedly be used for genetic counseling.
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