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France; 6Service d’Anatomie Pathologique, Hôpitaux Universitaires de Strasbourg, Strasbourg, France

Prenatal trisomy 7 is usually a cell culture artifact in amniocytes with normal diploid karyotype at birth and
normal fetal outcome. In the same way, true prenatal trisomy 7 mosaicism usually results in a normal child
except when trisomic cells persist after birth or when trisomy rescue leads to maternal uniparental disomy,
which is responsible for 5.5–7% of patients with Silver–Russell syndrome (SRS). We report here on the
unusual association of SRS and Hirschsprung’s disease (HSCR) in a patient with maternal uniparental
heterodisomy 7 and trisomy 7 mosaicism in intestine and skin fibroblasts. HSCR may be fortuitous given its
frequency, multifactorial inheritance and genetic heterogeneity. However, the presence of the trisomy 7
mosaicism in intestine as well as in skin fibroblasts suggests that SRS and HSCR might possibly be related.
Such an association might result from either an increased dosage of a nonimprinted gene due to trisomy 7
mosaicism in skin fibroblasts (leading to SRS) and in intestine (leading to HSCR), or from an overexpression,
through genomic imprinting, of maternally expressed imprinted allele(s) in skin fibroblasts and intestine or
from a combination of trisomy 7 mosaicism and genomic imprinting. This report suggests that the SRS
phenotype observed in maternal uniparental disomy 7 (mUPD(7)) patients might also result from an
undetected low level of trisomy 7 mosaicism. In order to validate this hypothesis, we propose to perform a
conventional and molecular cytogenetic analysis in different tissues every time mUPD(7) is displayed.
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Introduction
Trisomy 7 is extremely rare at birth and is generally

considered lethal in embryogenesis.1 All surviving children

are mosaics with variable and nonspecific clinical fea-

tures.1–5 Chromosomal mosaicism may be suggested by

body asymmetry and/or Blaschkolinear skin pigmentary

dysplasia associated with developmental delay. Cultured

skin fibroblasts cytogenetic analysis confirms mosaicism

and identifies its chromosomal origin. In chorionic villi,

trisomy 7 is usually confined placental mosaicism (CPM)

and outcome is normal without intrauterine fetal growth

retardation (IUGR) as observed in other CPMs.1,6 –9 In
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amniocytes, trisomy 7 is frequently a cell culture artifact

leading to single- or multiple-cell pseudomosaicism with

normal fetal outcome.10,11 True trisomy 7 mosaicism was

first reviewed by Hsu et al,12 who analysed eight cases. At

term, only one, previously reported,3 was abnormal with

mild developmental delay, facial asymmetry, hypomelano-

sis of Ito and trisomy 7 mosaicism in skin fibroblasts. Later

on, two other cases were reported. In the first case,13

trisomy 7 was present in 7/9 colonies (77%) analysed from

short amniocyte cultures but not in fetal blood. At the age

of 3 years, the child showed asymmetric face, pigmentary

changes of the skin, dysmorphic facial features and normal

development. Trisomy 7 mosaicism was confirmed in two

skin fibroblast cultures (24 and 36%). Maternal uniparental

disomy (mUPD) for chromosome 7 was not investigated

but no growth retardation was noted at 3 years 6 months

(height was 97 cm). In the second case,14 trisomy 7 was

found in 13 out of 32 colonies studied from amniocyte

cultures (41%). DNA polymorphism analysis revealed that

the diploid cell line occurred through a trisomy rescue

event and resulted in maternal uniparental heterodisomy

with both chromosomes 7 originating from the mother. At

birth, the child was small for gestational age and displayed

some of the clinical features observed in SRS. Placental

cytogenetic analysis revealed nonmosaic trisomy 7 and

cord blood cells were all disomic. No cytogenetic analysis

was performed in skin fibroblasts.

mUPD(7) is considered to be responsible for approxi-

mately 5.5–7% of patients with the Silver–Russell syn-

drome (SRS) phenotype.15–22 SRS includes severe IUGR,

postnatal short stature, retarded bone age, relative macro-

cephaly, triangular face, prominent and bossed forehead,

small chin, micrognathia, craniofacial disproportion,

down-turned mouth corners, brachydactyly and clinodac-

tyly of fifth fingers, variable asymmetry of the face, body

and limbs and café-au-lait spots. MUPD(7) patients display

most of the same features.19 However, a wide mouth with

down-turned corners, prominent ears, café-au-lait spots,

hemihypertrophy and clinodactyly of fifth fingers seem to

be more rarely present;19 moreover, their chin is pointed

and they demonstrate specific symptoms such as speech

delay, severe feeding difficulties in the first years of life and

excessive sweating.21 UPD refers to inheritance of homo-

logous chromosomes from only one parent; it results either

in heterodisomy when the two homologs are different or

isodisomy when they are two copies of the same chromo-

some. Heterodisomy implies parental meiosis nondisjunc-

tion. Isodisomy may result from mitotic duplication in a

monosomic zygote or from chromosome loss of a trisomic

zygote originating from a postzygotic segregation error.

UPD may be either a complete disomy of an entire

chromosome or a mixed disomy with combination of iso-

and heterodisomy due to meiotic recombination events.17

Both maternal hetero- and isodisomy for chromosome 7

have been associated with the same SRS phenotype.16–23

Hirschsprung’s disease (HSCR) or congenital aganglionic

megacolon is a frequent cause of congenital intestinal

obstruction. HSCR is a developmental disorder character-

ized by the absence of intramural ganglion cells of the

myenteric Auerbach’s and the submucosal Meissner’s

plexuses. HSCR occurs as an isolated trait in 70% of cases

and is associated with a chromosomal abnormality,

especially trisomy 21, in 12% of cases and with other

congenital anomalies in 18% of patients.24 To our knowl-

edge, to date, no SRS or mUPD(7) has been reported in

association with HSCR. We report here on an SRS patient

with trisomy 7 mosaicism, mUPD(7) and HSCR and discuss

their possible relationships.

Clinical report
During her first pregnancy, a 26-year-old woman was

referred to the gynaecology unit at 22 weeks of gestation

because of prenatal sonographic detection of a single

umbilical artery. The parents were healthy and not related

and there was no family history of congenital malforma-

tions. A detailed level II ultrasound examination showed

moderate oligoamnios and suspected IUGR. An amnio-

centesis was performed and revealed a male karyotype with

trisomy 7 mosaicism. No search for UPD was performed

because the father refused blood sampling at that time.

Genetic counselling was given taking into account trisomy

7 mosaicism and possible mUPD(7) because of IUGR. As a

subsequent sonographic examination failed to find IUGR,

the parents elected to continue the pregnancy. Induced

delivery due to premature rupture of membranes occurred

at 35 weeks of gestation. After brief ventilation, the boy

was in good health (Apgar scores X/IX/X). Length (42 cm),

weight (1900 g) and head circumference (OFC) (31 cm)

were within the normal range. Physical examination

displayed some minor abnormalities: prominent large

forehead, prominent nasal bridge, low posterior-rotated

ears, small and retruded chin, bilateral clinodactyly of fifth

fingers and bilateral simian creases. Genitalia were normal.

Cardiac ultrasound showed ventricular septal defect. X-ray

skeletal survey was normal except clinodactyly of the fifth

fingers. Transfontanellar and abdominal ultrasounds

showed no anomaly.

At 6 months, the child was admitted to hospital for

bronchitis. During the hospitalization, he once had

vomiting and hard and bloody stools. At 13 months,

postnatal growth retardation became obvious with weight

of 6 kg (�4 SD) and length of 67 cm (�3 SD) and there was a

relative macrocephaly with normal OFC (47 cm). The child

had feeding difficulties and did not eat solids. He displayed

global hypotonia, did not sit, began only to transfer objects

from one hand to the other and required physiotherapy. By

contrast, his development was normal in fine motor

control and social skills. Facial dysmorphy included a
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small triangular-shaped face with frontal bosses and

narrow palpebral fissures, a small mouth with thin lips, a

pointed chin and low posterior-rotated and overfolded

ears. Because of repetitive bile vomiting, severe constipa-

tion and chronic abdominal distension, the child was

readmitted and several rectal biopsies were performed.

They demonstrated alternately a paucity or absence of

intramural ganglion cells of myenteric and submucosal

plexuses in colic mucosa as well as in muscularis and

ascertained the existence of HSCR. A one-stage surgical

treatment could be performed with colono-anal ana-

stomosis by a transanal approach; no short-term complica-

tions were observed. A rectal biopsy was performed during

surgery for cell culture and cytogenetic analyses.

At 24 months, the child stood with support. Social skills,

behavioural concerns and receptive speech were within the

normal range. He had learning disability in expressive

speech; he did not yet eat solids and had poor weight gain.

Speech therapy was initiated in association with psycho-

motricity and special education training.

At 30 months, he walked alone. Height was 77 cm (�4

SD), weight 8100 g (�4 SD) and OFC 49 cm (normal range).

Bone age was delayed. Endocrinology evaluation and

growth hormone stimulation studies were normal. Neither

body asymmetry nor pigmentary abnormalities were

observed.

At 3 years, the child expressed himself by signs and

began to communicate by expressive language. At 5 years,

facial dysmorphy persisted (Figure 1) and growth hormone

treatment, introduced at 3 years, showed good short-term

results with height at 105 cm (�1.5 SD).

Conventional cytogenetic investigations (Table 1)
Prenatal studies Short-term in situ amniocyte cultures

from four coverslips were set up and 18 colonies were

analysed. Karyotype was normal 46,XY in 10/18 colonies

and detected a trisomy 7 in 8/18 colonies, demonstrating

true trisomy 7 mosaicism (44%).

Postnatal studies At birth, trisomy 7 mosaicism was also

found in 79% of cells in term placenta cultures, but the

karyotype was normal, 46,XY, in blood lymphocytes as well

as in fibroblast cultures from the umbilical cord. At 1 year,

analysis of fibroblast cultures from the rectal biopsy found

trisomy 7 mosaicism in 15 mitoses of the 100 analysed. At

3 years, chromosome analysis performed in cultured skin

fibroblasts of the child in order to compare it with the

result obtained from the rectal biopsy was normal.

Figure 1 The patient at 5 years.

Table 1 Prenatal and postnatal cytogenetic studies

Trisomy 7 mosaicism

Tissues Conventional Molecular cytogenetics

Prenatal studies Amniocyte cultures (in situ) 8/18 colonies (44%)

Postnatal studies Term placenta cultures 27/34 cells (79%)
Blood 0/100 cells (0%)
Fibroblast cultures Fibroblast cultures Tissue sections
Umbilical cord 0/100 cells (0%)
Intestine 15/100 cells (15%) Healthy colon

30/220 nuclei (13.6%)
Colon with hypoganglionosis
29/210 nuclei (13.8%)

Skin 0/100 cells (0%) 8/145 metaphases (5.5%)
13/300 nuclei (4%)
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Molecular cytogenetic studies (Table 1)

Fluorescent in situ hybridization with a chromosome 7

alpha-satellite DNA probe from Oncor (D7Z1) was per-

formed in skin fibroblast interphase nuclei and on

metaphase chromosomes. Trisomy 7 mosaicism was de-

tected in 4 and 5.5%, respectively.

Paraffin-embedded tissue sections of two different surgi-

cal resected colon fragments were processed by fluorescent

in situ hybridization: one fragment corresponded to a

healthy zone and the other showed hypoganglionosis.

Double labelling with chromosome 7 and chromosome 17

alpha-satellite DNA probes was performed in order to

detect trisomy 7 mosaicism. Simultaneous labelling with a

chromosome 17 probe served as an internal hybridization

control to eliminate a possible polyploidy. Trisomy 7

mosaicism was detected at the same rate on the healthy

colon fragment (13.6%) and on the fragment with

hypoganglionosis (13.8%). The analysed nuclei with

trisomy 7 were not only localized in nervous plexuses but

also in the epithelium and connective and muscular

tissues.

Molecular studies (Table 2)

A microsatellite analysis of chromosome 7 was performed

using the linkage mapping set (Applied Biosystem). A total

of 10 markers located along the whole chromosome 7 were

analysed on DNA extracted from blood samples, according

to the manufacturer’s protocol. For five markers (D7S531,

D7S630, D7S486, D7S530, D7S640), the father shared no

allele with his son, so no chromosome 7 was of paternal

origin. For the 10 analysed microsatellites, alleles were the

same for the child and his mother at the heterozygous state

(eight markers) as well at the homozygous one (two

markers). Therefore, the child presented with a complete

chromosome 7 heterodisomy in blood.

Discussion
In the reported case, true trisomy 7 mosaicism could be

ascertained in amniocyte cultures, as trisomy 7 was present

in several independent primary cultures11 as well as in skin

fibroblasts at the age of 3 years. The absence of clinical

chromosomal mosaicism markers may be explained by the

low percentage of trisomic 7 cells in skin fibroblasts. By

contrast, the phenotype of the patient was compatible with

SRS associated with mUPD(7). The most likely mechanism

of mUPD(7) in the present case is a trisomic zygote rescue.

Given the maternal complete heterodisomy of chromo-

some 7 observed with molecular studies, it can be assumed

that a trisomic zygote originated by maternal nondisjunc-

tion at the first meiotic cell division. Postzygotic loss of one

supernumerary chromosome 7 restored a diploid fetal

karyotype. As previously demonstrated, disruption of

genomic imprinting is the most likely cause for SRS either

by absence of the active paternal allele involved in growth

promotion or by excess of the maternal allele involved in

growth inhibition.20 Overexpression of the maternal allele,

previously hypothesized in two SRS non-mUPD(7) patients

with duplication of 7p12.1–p1325 and 7p11.2–p13,26 was

recently confirmed in one of them by a real-time PCR

assay.27 It has been suggested that two separate candidate

regions, 7p11.2–p13 and 7q31–qter, are involved in

patients with SRS through genomic imprinting. In the 7p

region, the growth factor receptor-bound protein 10

(GRB10) has been proposed as a candidate gene for SRS

on the basis of its function as a growth inhibitor and its

imprinting status in the mouse. However, absence of

mutations in GRB10 in a cohort of 139 SRS patients20,28,29

and absence of GRB10 imprinting in growth plate cartilage

directly involved in linear growth make it unlikely that

GRB10 is the gene responsible for SRS.30 Nevertheless, the

chromosomal 7p11.2–p13 region remains a good candi-

date region for SRS since several SRS patients carrying 7p

rearrangements including GRB10 have been re-

ported,25,26,31 –33 or, as imprinted genes are often organized

in clusters, SRS could result from overexpression of

maternally imprinted genes mapped proximal and distal

to GRB10. In the 7q31–qter region, two imprinted genes,

PEG/MST and g2-COP,34 and, more recently, carboxypepti-

dase A genes35 have also been investigated as candidates for

SRS. However, their role remains uncertain in the aetiology

of SRS. It is possible that both regions cause SRS through

genomic imprinting20 or that another imprinted gene is

involved. Epigenetic modifications or alterations in reg-

ulatory elements could also contribute to the SRS pheno-

type.28,29

Another point to emphasize in the reported case is the

presence of HSCR. Among the several specific genes

involved in HSCR, the RET receptor tyrosine kinase seems

to be a major susceptibility gene. However, mutations in

RET are identified in only 50% of familial and 15–20% of

sporadic HSCR cases.36 As RET has been involved in the

Table 2 Microsatellite analysis

Mother Son Father

D7S531 7p22 B/B B/B A/C
D7S493 7p21 A/C A/C A/B
D7S519 7p11.2 A/B A/B A/C
D7S630 7q21.1 A/B A/B C/D
D7S657 7q21.1 B/C B/C A/B
D7S515 7q21.3–q22.1 B/C B/C A/B
D7S486 7q31 B/B B/B A/C
D7S530 7q32 C/D C/D A/B
D7S640 7q32–33 B/D B/D A/C
D7S661 7q35–q36 A/B A/B B/B

The microsatellites are ranged according to their location along the
chromosome and the alleles are named by size order. The micro-
satellites allowing exclusion of the transmission of a paternal
chromosome are indicated in bold.
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development of neural crest derivatives and HSCR in

particular, it has been suggested that downstream compo-

nents of the RET signal transduction pathway might also

predispose to HSCR.37 GRB10 was considered as a good

candidate for HSCR susceptibility according to its early

expression in the embryo38,39 which is consistent with a

role in enteric nervous system development.37 However,

no linkage or mutations of human GRB10 have been

observed in a large panel of HSCR patients analysed.37 It

has been demonstrated28,40 through direct analysis of

allelic transcription that the human GRB10 gene is

specifically imprinted in the developing central nervous

system (CNS), including brain and fetal spinal cord. Also,

all but two GRB10 transcripts are exclusively paternally

expressed in the fetal CNS, contrary to the mouse where

GRB10 is exclusively transcribed from the maternal allele.

However, no allele-specific methylation has been shown to

explain this fetal brain imprinted expression. It has been

hypothesized that imprinted GRB10 expression might

result from promoter-specific imprinting or be controlled

by neighbouring or overlapping transcripts specifically

expressed in the human fetal brain and skeletal muscle.28

In the same way, one of the four GRB10 isoforms, g1, has
been demonstrated to show maternal monoallelic expres-

sion in skeletal muscle. In other fetal tissues including

vertebral column, eye, tongue, stomach, intestine, heart,

skin, trophoblast, kidney, pancreas, limb, umbilical cord,

yolk sac, adrenal, liver and lung, all human GRB10 variants

show biallelic expression.

In the reported case, different hypotheses can be raised

to explain the presence of trisomy 7 mosaicism in intestine

and skin fibroblasts, mUPD(7), SRS and HSCR: (1) HSCR

may be fortuitous given its frequency, multifactorial

inheritance and genetic heterogeneity. (2) An increased

dosage of a nonimprinted gene due to trisomy 7 mosaicism

in skin fibroblasts, resulting in SRS by an excess of an allele

involved in growth inhibition and, in intestine, resulting

in HSCR. In the intestine, the presence of trisomy 7 in

nervous plexuses as well as in the epithelium or the

connective and muscular tissues could account for this

second hypothesis. (3) An abnormality of genomic im-

printing, with either an absence of expression of a

paternally active allele in disomic cells or an overexpres-

sion of specifically maternally expressed imprinted allele(s)

in skin fibroblasts and intestine. In support of the latter,

overexpression of certain GRB10 isoforms has been shown

to inhibit tyrosine kinase activity, resulting in growth

suppression and fetal CNS development inhibition.28,37 In

the present study, the absence of other anomalies of fetal

CNS development could be explained either by intestinal-

specific mosaicism and very low or absence of trisomy 7

mosaicism in other tissues or by tissue-specific imprinting

differences. (4) SRS phenotype and HSCR could also result

from trisomy 7 rescue by a combination of trisomy 7

mosaicism and genomic imprinting.

As previously hypothesized,8,15,20,28 this report suggests

that the SRS phenotype observed in mUPD(7) patients

might also result from an undetected low-level trisomy 7

mosaicism. In order to validate this hypothesis, we propose

to perform an extensive conventional and molecular

cytogenetic analysis not only in blood but also in skin

fibroblasts every time mUPD(7) is observed.
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