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ABSTRACT We report on the cytogenetic and mo-
lecular-genetic investigations of a child with mosaic tri-
somy 8, analysed over a period of eleven years. The
female patient showed clinical features and facial
dysmorphisms characteristic of the syndrome as well as
mentally impairment. The mosaic trisomy 8 was diag-
nosed prenatally in amniotic fluid cells (38%) and fetal
lymphocytes (78%) and was confirmed postnatally in
the umbilical cord (52%), placental biopsy (40%), lym-
phocytes (between 55% and 70%) and buccal mucosacells
(between 30% and 42%), demonstrating the overall
prevalence of the trisomy 8 cell line in this patient was
quiet high. We found no evidence of an appreciable in-
crease or decrease in the frequency of the trisomic cell
line over a period of eleven years. Molecular genetic in-
vestigation demonstrated the maternal origin of the ad-
ditional chromosome 8.

INTRODUCTION

Trisomy 8, also known asWarkany syndrome,
is arare condition in man, comprising 0,8% of
spontaneous abortions, and is estimated to occur
in about 0,1% of all clinically recognised
pregnancies (James and Jacobs 1996). In the
liveborn population, trisomy 8 isamost always
associated with mosaicism, and more than 100
cases have been reported so far (Jordan et al.
1998). Individual swith trisomy 8 mosaicism may
present with avariety of features. Theseinclude
moderate mental retardation, multiple skeletal and
joint anomalies (Beighton et al. 1999), urogenital
malformations, congenital heart defects, deep
palmar and plantar furrows, distinct facies
(especially prominent lower lip, characteristic
morphology of the ears and nose), and agenesis
of the corpus callosum (Karadima et al.
1998).There is a great phenotypical variahility,
and several patientswith asignificant percentage
of trisomic cells in one or several tissue types
displaying normal intelligence and devel opment
and normal or near-normal phenotype have also
been described (Jordan et al. 1998; Chandley et
al. 1980; Habecker-Green et al. 1998). The un-

equal distribution of trisomic cells in different
tissues (Jay et al. 1999; Kleinet a. 1994) and the
variability of these phenotypic features, there-
fore, make this syndrome so difficult to counsel
for when it is detected prenatally. When a mo-
saictrisomy 8isfoundinamniocytes, fetal blood
sampling (FBS) may be considered asameans of
gaining further confirmation. However, fetal cord
blood and amniocytes show diverging numbers
of aberrant cells, and so afinding of exclusively
normal cellsin one of these systems cannot rule
out trisomy 8 mosaicism (de Pater et al. 2000;
Webb et a. 1998; Hsu et al. 1997). Furthermore,
minor clinical features are not easily detected
through prenatal ultrasound (Miller et a. 2001).
The diagnostic and counselling situations are
further complicated by the possibility of con-
fined placental mosaicism (vanHaelst et al. 2001;
Hsueta. 1997).

To date, relatively few long-term studies of
probands with trisomy 8 mosaicism in different
tissues have been published (Camurri et al. 1994).
The existing studies have demonstrated that the
phenotypic severity does not seem to be related
to the degree of mosaicism in the analysed cell
systems (Jordan et al. 1998). A decrease in the
percentage of trisomic cellswasobservedin some
patients who were examined repeatedly, which
may be due to the known replicative disadvant-
ageof theabnormal cell line (Jordan et al. 1998).
Furthermore, molecular genetic studies have
demonstrated that trisomy 8 mosaicism in
liveborns can almost always be traced to a post-
zygotic mitotic error (Karadimaet al. 1998; James
and Jacobs 1996; Webb et al. 1998).

The description of further cases, their
phenotype and development should be helpful
in this respect. In this paper we report on the
case of a girl with mosaic trisomy 8 who was
diagnosed prenatally and then followed up for a
period of eleven years. Her development and
neuropsychological behavior up to the age of
seven years has previously been published by
Kautzaet al. (1991) and FloRet a. (2001).
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PATIENT ANDMETHODS

Case Report

The proband was the first child of healthy
parents (mother 26 years, father 37 yearsold). At
34 weeksgestational ageamoderatefetal hydro-
cephalus and hydronephrosis were diagnosed
by ultrasound, followed by diagnosis of double
kidneys at 36 weeks. A girl was delivered via
sectio cesarian at 38 weeks gestational age be-
cause of premature rupture of theamniotic mem-
brane. Length, weight and head circumference
were all slightly above the 90" percentile from
birth up to the age of 10 years, when adipositas
was diagnosed. Facial dysmorphisms included
slight strabism convergens on her right eye,
hypertelorism, a broad nasal root, anteverted
nares, broad philtrum, low-set ears, high arched
palate, full lipsand short broad neck (Fig. 1-a, b,
c). Other clinical features are increased epider-
mal thickness, hypo- and aplasia of finger and
toenails, deep palmar and plantar furrows, amiss-
ing patellaon the right side, low-grade lordosis
which seemed to stem from divergence in the
lumbar vertebrae, muscular hypotonia, hydrone-
phrosis and hypertrophia of the clitoris. A diag-
nosis of agenisis of the corpus callosum, which
was suspected at the age of 2 years because of
grand mal attacs, was later retracted upon more
detailed examination.

Developmental tests according to Griffiths
performed at the age of 11 months showed her to
be in the lower average range, with a develop-
menta age of 9 months. The sametests performed
at the age of 24 months confirmed thistrend (de-

velopmental age 19 months). Overall she had a
very friendly, sociable personality. Her motorical
coordination was clumsy. The girl received in-
tense and regular support in the gross and fine
motor area. Shewasenrolledinanormal elemen-
tary school at the age of almost 8 years, where
she has since remained.

Now, at the age of almost eleven years, sheis
tall and tends to overweight. She continues to
be uncoordinated and one leg is shorter than the
other. Her ankles are stiff and she has bilateral
hammer toes. The kyphoscoliosisfirst suspected
at the age of 23 monthswas confirmed. She can
not fully extend her fingers, so physiotherapy
has been continued. Her achievementsat school,
except in mathematics, where she can not be
graded, are sufficient to allow her to continueto
attend. She seems generally slow and requires
about 3-4 hours daily in order to complete her
school work. She has been receiving psycho-
logical treatment. In general, the girl issocially
well-adapted, friendly and open. Sheis coopera-
tiveand willing to accept help when sherealises
she hasreached her limits.

Cytogenetic and Molecular-Genetic Investi-
gations

Semi-direct preparationsof chorionic villi (12
h incubation) and long-term cultures of
fibroblasts, PHA-stimulated 72 h lymphocyte
cultures and preparations of buccal smearswere
done according to standard cytogenetic proce-
dures. FI SH was performed following the method
described by Lichter et al. 1988, using a biotin-
|abelled chromosome 8 a-satellite DNA probe.

Fig. 1: The proband at different stages of age:

a: 10 months

b) 3% years

c) 10% years
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DNA of the patient and her parents was isolated
from lymphocytesby asimple salting out proce-
dure. The parental origin of the supernumerary
chromosome 8 was determined by PCR-based
microsatel lite typing, using the following mark-
ers. D8S264, D8S262, D8532, D8B01, D8S1828,
D8S133 and D8S166, which span thewhole chro-
mosome 8.

RESULTS

A number of tissue systems from the patient
were examined by GTG- and QFQ-banding and
through fluorescencein situ hybridisation (FI SH)
with acentromeric DNA probefor chromosome
8. This characterisation included analyses
conducted prenatally (fetal lymphocytes after
cordocentesis), perinatally (of placenta, amniotic
membrane and umbilical cord) and postnatally
over aperiod of eleven years (buccal smearsand
peripheral lymphocytes). Assummarisedintable
1, all tissues showed amosaic of both cell lines,
46,XX and 47,X X ,+8. The percentage of trisomic
cells in the analysed tissues differed, but it is
consistently higher in blood than in buccal
smears or in fibroblasts examined at birth. The
analysis of the fibroblasts shows a distinct
difference between placental tissues and
umbilical cord, with a higher percentage of
trisomic cellsinthelatter.

Thetrisomy level in lymphocytes appearsto
bevariable at every age from birth up to 5 years
of age, showing an appreciablefluctuationinthe
actual numbers from year to year, ranging from
52% to 78%. The results obtained by FISH on

non-dividing lymphocytes/ interphasesare com-
pletely compatible with those signals enumer-
ated in dividing cells / metaphases (see age 23
months). The proportion of trisomic cellsin the
buccal smearsis|ower than in the lymphocytes
(between 42% at five and 30% at ten years of
age).
Molecular geneticinvestigation ontheorigin
of thetrisomic cell line was performed by PCR-
analysisof microsatellite markersinthe DNA of
parents and the patient herself. The results are
shown in table 2, demonstrating the maternal
origin of the additional chromosome 8 by
increased dosage of a unique maternal allele at
informativeloci. Unfortunately, wewerenot able
to distinguish between ameiotic or mitotic non-
digunction event, because only three of the seven
markersused areinformative.

DISCUSSON

The long-term evaluation of this patient
allowed us to study tissue-specific distribution
and stahility of thetrisomic cell lineand to moni-
tor the girl’s devel opment from before birth over
thecourseof elevenyears. Infact, thistimeframe
was apparently crucial for the diagnostic proc-
ess, since some important clinical details were
not diagnosed at birth but rather later during her
infancy and childhood, likethe missing patella(5
years of age) and the corrected diagnosis con-
cerning the corpus callosum (almost 7 years).
The extended evaluation period allowed acom-
prehensiveinsight into the child’s psychomotoric
development.

Table 1: Confirmation of trisomy 8 mosaicism in different extrafetal tissues and in two cell systems of

the proband over a period of 11 years

Tissue type Time of investigation 46, XX (%) 47, XX, +8 (%) Total cells
Fetal blood prenatal 40 60 15
Fetal blood perinatal 22 78 50
placenta biopsy perinatal 60 40 10
Amniotic membrane perinatal 62 38 50
Umbilical cord perinatal 48 52 50
Lymphocytes 10 month 48 52 50
Lymphocytes 23 month 33% 67°2 121
36° 64° 153
Lymphocytes 3 years 30 70 50
Lymphocytes 5% years 45 552 38
Buccal smears 5% years 58° 42° 186
Buccal smears 10% years 70° 30° 200

& metaphases analysed by FISH
® i nterphases analysed by FISH
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Cytogenetic analysis performed prenatally,
perinatally and at five different times after birth
showed that thegirl carriesamosaic of anormal
and atrisomic cell linein all examined tissues.
The fact that fetal and extra-fetal tissues carry
both cell lines points to a non-disjunction event
occurring very early during embryonic develop-
ment.

Lymphocytes cultivated after cordocentesis
contained a high proportion of trisomy 8 cells
(60%). Although someauthorsinvestigating pre-
natal cases of trisomy 8 do not find the trisomic
cell line in cord blood, still a comparison with
other trisomies shows that these are yet more
prone to be missed when cytogenetic analysis
after cordocentesis is chosen as a means of
confirmation of CV S-results(overall, confirmation
rates for trisomic cells compiled by Hsu et al.
(1997) are 15% for lymphocytesand 74% for other
cell systems). However, even for trisomy 8 acon-
firmationrate of only 40% after FBSisdescribed,
as compared to a confirmation rate of 75% for
analysis of tissues. In the present case therewas
no significant difference between results ob-
tained from (semi) direct-preparationsof CVSand
those stemming from long-term cell culture of
the amniotic membrane (40% and 38%, respec-
tively). This is in contrast to studies by other
authors, who find that direct preparations (de-
riving from the cytotrophoblast) often exhibit
fewer or no trisomy 8 cellsas compared to long-
term cultures deriving from extra-embryonic
mesoderm (Karadima et al. 1998; Webb et al.
1998). In the present case, fibroblasts from um-
bilical cord had a higher proportion of trisomic
cells (52%) than did either placental tissue or
amniotic membranes.

Lymphocytes from peripheral blood
consistently showed a large proportion of
trisomic cells, ranging from 52% to 78%, with no

evidence of adecrease over theyearsfrom birth
to 5 ¥ years. There is a distinct fluctuation in
these values which is especially noticeable
because the child was examined frequently over
such along period of time. We can not, however,
confirm decreases of thetrisomic cell linewhich
some authors have found both in patients’
lymphocytes and in fibroblast cell culture over
several passages (Jordan et al. 1998; Miller et al.
1997). The cytogenetic evaluation at the age of
23 months was performed via interphase and
metaphase FISH using an a-satellite probe spe-
cific for chromosome 8. As has been described
by other authors (Jordan et al. 1998), the per-
centage of trisomic cellsidentified by FISH on
interphases correlates precisely with those us-
ing metaphases. 67% and 64%, respectively. This
correspondence made the non-invasive exami-
nation of afurther tissue system feasibleviain-
terphase FISH, namely buccal cells. Theresults
obtained at age 5% and 10% show a lower pro-
portion of trisomic cells (42% and 30%, respec-
tively) than found inlymphocytes. Thevariation
infrequency of thetrisomic cell line observedin
lymphocytes and buccal smears indicates an
unequal distribution.

The overall prevalence of the trisomy 8 cell
lineinvarioustissuesinthisgirl isquite high. A
particular problem in the diagnosis and
counselling of cases of trisomy 8 mosaicism is
the fact that there is no apparent correlation
between the extent of thetrisomic cells, itstissue
distribution and the expected phenotype. Clinical
descriptions range from normal or near-normal
adults presenting solely with reduced fertility
despite mosaicism even total trisomy 8 in
lymphocytes (Jordan et al. 1998; Chandley et al.
1980) to individuals with a relatively low
percentage of trisomic cellsin arestricted number
of tissues who evidence anumber of symptoms

Table 2: Results of microsatellite typing in the presented family with trisomy 8. The genetic order of
markers corresponds to that of the genethon link map (http://www.genethon.fr). (n.i. = not

informative)

Polymorphic marker genotype

Locus Maternal Paternal Proband Origin
D8s264 2-3 1-2 2-3-3 maternal
D8S262 1 1 1 ni.
D8S532 1 1 1 ni.
D8S601 1 1 1 ni.
D8s1828 1-2 2-3 ni. ni.
D8s133 11 2-2 1-1-2 maternal
D8S166 13 1-2 2-3-3 maternal
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typical of thesyndrome (Miller etal. 1997). Inthe
present case, the high percentage of trisomic cells
in lymphocytes (mean value of 64%) and the
significant percentage in buccal cells (42% and
30% at ages 5 ¥2and 10 %) hasnot resultedinan
extremely severe phenotype: the girl has some
physica symptoms and is till able, at eleven
years of age, to attend a normal elementary
school.

Themajority of both non-mosaic and mosaic
autosomal trisomiesappear to beduetoameiotic
non-disjunction event, with the latter resulting
from a post-zygotic loss of the additional
chromosome (Jamesand Jacobs 1996). Inthe case
of trisomy 8, however, meiotic errorsappear amost
always to lead to spontaneous abortions
(Nicolaidiset a. 1998). Disomic embryoswho
later devel op amosaic trisomy 8 through mitotic
error seemto haveasignificantly higher viability
than trisomic embryos resulting from ameiotic
error (Robinson et al. 1995; Karadimaet al. 1998).
In the present case, molecular-genetic results
could only demonstrate that the additional chro-
mosome 8 was maternal in origin, but they did
not provide conclusive evidence as to whether
the non-disjunction event occurred in meiosis or
mitosis. In contrast to spontaneous abortions
withatrisomy 8 resulting from ameiotic error, the
mean parental agesin liveborn cases of trisomy
8 are usually not increased (James and
Jacobs 1996), and in the present case the
mother was only 26 years of age. Uniparental
disomies (UPD) of chromosome 8 have only
rarely been observed to date, asthey do not occur
as a result of mitotic non-disjunction, but
apparently UPD 8 does not cause a phenotype
(Karanjawalaet a. 2000; Kotzot 1999; Piantanida
eta.1997).

An important aspect resulting from the
presence of aconstitutional trisomy 8 mosaicism
is the risk of the affected person developing a
neopl astic disease (Brady et al. 2000; Danessino
et al. 1998). Possibly the presence of the
oncogenes c-myc and ¢c-mos on chromosome 8
may help to explain the increased risk of
malignancy in cells carrying three copies of the
chromosome, perhaps through an enhanced
proliferation (James and Jacobs 1996; Seghezzi
et al. 1996; Habecker-Green et al. 1998). Alsoone
case of common variable immunodeficiency
is described in the literature so far (Yu et al.
2000).
In conclusion, the diagnosis of a mosaic
trisomy 8, especialy in prenatal cases, callsfor
comprehensive additional investigations. CVS,

amniocentesis and fetal blood sampling may be
necessary to exclude the possibility of confined
placental mosaicism, whichisnot uncommon for
trisomy 8 and may result inintra-uterine growth
retardation (Sakset a. 1998). Further analysis of
avariety of tissuesis of the essence, asthereis
astrong tendency to unequal distribution of cell
lines. An awareness of therisk of cancerogenity
in probandswith constitutional trisomy 8 mosai-
cismisimportant. The postnatal investigation of
several tissuesin along-term study should be of
use to the research community, who can hopeto
gain insight into mechanisms and karyotype-
phenotype correlations in these cases.
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