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Among 58,000 amniocenteses completed, our
laboratories found one case of true cytoge-
netic trisomy 2 mosaicism in a fetus with
multiple abnormalities. In contrast, 11 fe-
tuses phenotypically normal at birth were
found to have true trisomy 2 mosaicism in
their chorionic villus cells among the 10,500
fetuses tested by chorionic villus sampling
(CVS). In our single abnormal case, amnio-
centesis performed at 19 weeks after finding
an elevated maternal serum AFP found two
independent cultures with trisomy 2 karyo-
types in 8 of 25 and 7 of 31 amniocytes, re-
spectively. Although oligohydramnios was
noted by ultrasound, the mother elected to
continue the pregnancy. At 26 weeks the fe-
tus had intrauterine growth retardation
(IUGR), hydronephrosis, and cardiac abnor-
malities. When delivered by Cesarean sec-
tion at 30 weeks, the infant had multiple
anomalies and developed necrotizing en-
terocolitis and severe cholestasis. At 5
months coronal magnetic resonance imag-
ing (MRI) displayed delayed myelination
and abnormal brain morphology. The pa-
tient also exhibited significant growth fail-
ure and developmental delay. Although
chromosomes were normal in blood, skin fi-
broblasts, and ascites fluid cells, 4 of 100 he-
patic biopsy fibroblasts were 47,XY,+2. Mo-
lecular analysis excluded uniparental di-
somy (UPD) of chromosome 2 in the 46,XY
cell line. This and other reports of rare phe-
notypically abnormal trisomy 2 mosaic fe-
tuses identified by karyotyping amniocytes

emphasizes the substantially higher fetal
risk of abnormal development than when
trisomy 2 is found only in chorionic villus
cells. Am. J. Med. Genet. 72:343–346, 1997.
© 1997 Wiley-Liss, Inc.
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INTRODUCTION

Trisomy 2 found in chorionic villus cells has been
considered either to be confined to the placenta or to
arise spontaneously in cell culture since most fetuses
are phenotypically normal at birth [ACC, 1994; Wol-
stenholme, 1994]. Pseudomosaicism in a single amni-
otic fluid culture dish is also relatively common,
whereas true trisomy 2 mosaicism in two or more cul-
ture dishes is rare [Hsu, 1992]. For these reasons, the
clinical significance of trisomy 2 mosaicism found dur-
ing cytogenetic analysis of cultured amniocytes tends
to be underestimated.

We describe a case of trisomy 2 mosaicism without
UPD with multiple abnormalities and unique anoma-
lies compared to other reported cases of mosaic tri-
somy 2.

CLINICAL REPORT

A 19-year-old primigravid woman had amniocente-
sis at 19 weeks because of an elevated maternal serum
AFP (2.93 MoM) along with normal amniotic fluid AFP
and a negative acetylcholinesterase. Cytogenetic
analysis of the amniotic fluid culture showed mosaic
trisomy 2 (mos 47,XY,+2/46,XY) in 7/31 (23%) colonies
found in three of four independent in situ tissue cul-
tures and in 8/25 cells (32%) in flask culture (total
27%). Ultrasound showed oligohydramnios. The
mother elected to continue the pregnancy. At 26 weeks,
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level 2 ultrasound examination and fetal echocardio-
gram demonstrated that the fetus had asymmetric
IUGR, left hydronephrosis, and congenital heart de-
fects.

The mother developed pre-eclampsia at 28 weeks
gestation, and at 30 weeks a male infant was delivered
by Cesarean section after finding an abnormal bio-
physical profile and decelerations. Birthweight was
1,135 g, length 35 cm, and OFC 26 cm (all measure-
ments are 10th centile). Apgar scores were 5 and 8 at 1
and 5 minutes, respectively. At birth he had a large
anterior fontanel, prominent occiput, prominent lower
canthal folds, beaked and prominent nose, flat malar
area, prominent antihelix and flat outer ear helix, thin
lips, and pointed chin (Fig. 1). The palate was V-shaped
without a cleft. A mild pectus excavatum and inguinal
hernias were noted. The feet had rocker bottom defor-
mity with prominent heels. An echocardiogram showed
a large ventricular septal defect, overriding aorta, mild
aortic valve prolapse, a large patent ductus arteriosus,
and tricuspid regurgitation.

Postnatal complications, which included severe
growth retardation, hydronephrosis, ureteral reflux,
abnormal gastrointestinal motility, necrotizing entero-
colitis, and ascites, caused prolonged hospitalization.
Liver biopsy confirmed cholestasis and fibrosis. MRI of
the brain at 5 months of age showed delayed myelina-
tion, abnormal paucity of white matter, a thin corpus
callosum, hippocampal dysplasia, and an abnormal
deep sulcus in the left frontal lobe (Fig. 2). At his most
recent evaluation at age 16 months (adjusted for pre-

maturity as 14 months), the patient was hypotonic and
microcephalic with growth retardation and develop-
mental delay.

Chromosomal analysis of cultured cells from blood
(100 cells), skin biopsy (100 cells), ascitic fluid (100
cells), and intestinal epithelium (39 cells) showed a
normal 46,XY karyotype. Cells with trisomy 2 were re-
covered only from hepatic biopsy cultured fibroblasts in
4 of 100 cells studied. Molecular analysis of the infant’s
skin fibroblasts excluded UPD for chromosome 2 in

Fig. 3. Microsatellite polymorphisms showing biparental inheritance of
chromosome 2. PCR products amplified from locus Mfd128 were resolved
by 12% acrylamide gel electrophoresis stained with ethidium bromide.Fig. 1. Photograph of the patient at age 1 1/2 years.

Fig. 2. Coronal MRI at age 5 months. Diffuse cortical atrophy with
prominent sulci and enlarged ventricles. Bilateral hippocampal dysplasia
manifesting abnormal folding pattern (arrow). Thin corpus callosum (ar-
rowhead).
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the 46,XY cell line. Molecular analysis of the parental
origin of the infant’s chromosome 2 pair was performed
using 10 polymorphic dinucleotide markers (Research
Genetics, Inc., Huntsville, AL). Two of these loci were
informative. Segregation of both Mfd128 (Fig. 3) and
D2S119 alleles reflected biparental inheritance of chro-
mosome 2. This result ruled out UPD resulting when a
parental trisomy 2 cell line lost its only chromosome 2
from one parent while retaining the two remaining
chromosome 2s from the other parent.

DISCUSSION

This is the first well-documented case of mosaic fetal
trisomy 2 with no evidence of UPD. Our patient had

multiple abnormalities including congenital heart dis-
ease and gastrointestinal, renal, and liver disorders,
even though trisomy 2 cells were recovered only from
liver postnatally. Thus, even when trisomic cells can no
longer be identified in an individual tissue type post-
natally, this does not preclude abnormal development
resulting from their presence during embryogenesis
and/or fetal development with subsequent disappear-
ance.

In our case and all five other reports of amniocyte
trisomy 2 mosaicism associated with abnormalities
(Table I), mosaicism was difficult to detect when the
pregnancy ended. Of the two cases reported by Bui et
al. [1984] in which the fetus was terminated, trisomy 2
was confirmed in one case. Casey et al. [1990] reported

TABLE I. Cases of Trisomy 2 Mosaicism

Reference Pre/postnatal Prenatal findings Outcome Phenotype

Cytogenetic
(% tri 2) and

molecular findings

Bui et al.
[1984]

Pre — TAB Transversal hemimelia Amnio

Pre — TAB Ambiguous external genitalia,
urethral meatus on the
dorsum of the phallus

Amnio

Casey et al.
[1990]

Pre Ventriculomegaly, extremity
discordance

Livebirth Posteriorly rotated ears,
high arched palate, widely
spaced nipples, lowset
bilateral simian creases,
bilateral overlapping 4th
and 5th fingers

Amnio (2/17; 12%)
placenta (0%)
cord blood (0%)
peripheral blood (0%)
skin (1 cell)

Cramer et al.
[1993]

Post IUGR, breech presentation Livebirth Hypertelorism, midface
hypoplasia, frontal
bossing, unilateral
proptosis, contralateral
ptosis, broad halluces,
radial deviation of the
wrist, scoliosis, unilateral
radioulnar hypoplasia,
gross motor and growth
delay (Pfeiffer syndrome
like)

Blood (0/100; 0%)
skin (40%)

Pappas et al.
[1995]

Post — Livebirth Central hair whorl,
telecanthus, epicanthus,
Cleft lip and palate,
widely spaced nipples,
bilateral overlapping toes,
mild developmental delay

Blood (3/50; 6%)
skin (0/60; 0%)

Pre Lumbosacral spina bifida,
ventriculomegaly, elevated
AFAFP

TAB Amnio (15/64; 23%)
amnion (3/20; 15%)
placenta (6/20; 30%)
skin (0%)
muscle (0%)

Harrison et al.
[1995]

Pre Elevated MShCG, normal
AFAFP, oligohydramnios,
IUGR, breech presentation

Livebirth Growth failure,
hypothyroidism, hyaline
membrane disease,
bronchopulmonary
dysplasia

Amnio (13/40; 33%)
amnion (32%)
placenta: chorion (20%)

villi (12%)
blood (0/100; 0%)
maternal UPD

Present case Pre Elevated MSAFP, normal
AFAFP, oligohydramnios,
IUGR, hydronephrosis,
double outlet right
ventricle, ASD and VSD

Livebirth Microcephaly, Large anterior
fontanel, prominent
occiput, prominent inner
canthal folds, beaked and
prominent nose, flat malar
area, V-shaped palate,
thin lips, pointed chin,
funnel chest, inguinal
hernias, rocker bottom
feet, morphologically
abnormal brain, cardiac
abnormality,
vesicoureteral reflux,
necrotizing enterocolitis,
severe portal fibrosis,
developmental delay

Amnio (8/25, 7/31; 27%)
blood (0/100; 0%)
skin (0/100; 0%)
ascites (0/100; 0%)
liver (4/100; 4%)
intestine (0/39; 0%)
UPD excluded
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a small-for-gestational-age infant with mild abnormali-
ties in whom trisomy 2 mosaicism was diagnosed pre-
natally and confirmed at birth by only a single trisomic
cell in foreskin fibloblasts. Pappas et al. [1995] re-
ported a fetus with lumbosacral spina bifida and ven-
triculomegaly. Although fetal skin and muscle were
analyzed cytogenetically, trisomic cells were found only
in the placenta and the amnion after termination. Har-
rison et al. [1995] described a case with mosaic trisomy
2 in amniocytes and term placenta, but cord blood
karyotypes were normal.

We could find only two reports of individuals ascer-
tained postnatally with mosaic trisomy 2 (Table I). Cra-
mer et al. [1993] reported on a case in which 40% of
skin fibroblasts were trisomy 2 in an infant with
(Pfeiffer-like) facial and digital abnormalities, scoliosis,
and growth delay. Pappas et al. [1995] reported on a
16-month-old boy who had cleft lip and palate, telecan-
thus, and mild developmental delay including lan-
guage impairment. In this case, 6% of peripheral blood
lymphocytes had trisomy 2, while all analyzed skin fi-
broblasts had normal chromosomes. Considering all of
the analyzed cases of trisomy 2 mosaicism, a spectrum
of anomalies emerges. Minor craniofacial anomalies
and digital abnormalities were present in most cases.
Widely spaced nipples were found in two cases [Casey
et al., 1990; Pappas et al., 1995]. Our case had cortical
atrophy and hippocampal dysplasia with enlarged ven-
tricles by MRI. Ventriculomegaly was also noted pre-
natally in the two other cases [Casey et al., 1990; Pap-
pas et al., 1995]. Developmental delay was constant in
the cases in which developmental follow up was avail-
able [Cramer et al., 1993; Pappas et al., 1995].

The importance of UPD in association with mosa-
icism for selected chromosomal trisomies in amniocytes
or CVS has been well documented [Ledbetter and En-
gel, 1995]. Three of three other cases were found to
have maternal UPD with confined placental mosaicism
(CPM) when tested for UPD because of mosaic trisomy
2 in amniocytes [Harrison et al., 1995] or in CVS [Ber-
nard et al., 1995], or for non-mosaic trisomy 2 in CVS
[Webb et al., 1996]. Although all three fetuses had
IUGR and oligohydramnios, which could explain the
postnatal pulmonary complications, other phenotypes
such as early lethality with genital anomalies [Bernard
et al., 1995], renal failure [Webb et al., 1996], and hy-
pothyroidism [Harrison et al., 1995] were quite vari-
able. Placental malfunction secondary to trisomy 2
CPM may lead to IUGR [Shaffer et al., 1996]. It is
noteworthy that neither craniofacial nor brain abnor-
malities were reported in these cases. In our case, re-
sults of postnatal chromosome analysis of blood, skin,
ascites, and intestine were normal, and UPD was ex-
cluded by molecular analysis. Therefore this case is
very important in distinguishing the effects of trisomy
2 mosaicism without UPD.

Our findings indicate that at least a proportion of
true trisomy 2 mosaic fetuses have a substantial risk of
abnormal development and an abnormal newborn phe-
notype. Hsu et al. [1996] also reported that true tri-
somy 2 mosaicism diagnosed in amniocytes had a very
high risk for abnormal outcome compared to other
chromosomal mosaicism. In contrast, we found 11 phe-

notypically normal newborn infants with true trisomy
2 mosaicism in CVS. At the same time, one abnormal
case of chromosome 2 UPD was reported in CVS with
true mosaic trisomy 2 [Bernard et al., 1995].

With all these considerations, the following protocol
can be recommended for prenatally diagnosed true mo-
saic trisomy 2. 1) True trisomy 2 mosaicism in CVS
should be followed by amniocentesis. 2) True trisomy 2
mosaicism in amniocytes should be taken seriously. 3)
High-resolution ultrasound should be completed to
help the parents make their decision about the preg-
nancy. 4) When appropriate, the possibility of UPD
and/or CPM should be considered in addition to fetal
trisomy 2 mosaicism.
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