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Abstract- Duplications of chromosome 16p are often the prtslat unbalanced maternal reciprocal trans-
locations and consequently the phenotype of patismiot typical of pure partial trisomy 16p. R-begdand
fluorescence in situ hybridization (FISH) in ourtipats were in favour ofle novopure partial trisomy of
16p. Furthure clinical and paraclinical analysisoof three cases in addition to a review of liter@tand
analysis of published clinical and cytogenetic datafive cases of pure partial duplications of chosome
16p reported until now lead to the delineationtloké groups of duplications. Patients with shooxpnal
16p11~p12 euchromatic duplication considered deriiduplication and no clinical anomaly are irhba

in the first group. The second group with a lary@p11-p12~p13 duplication is caracterised by aiqdar
phenotype including severe mental retardation, dyphism, variable malformations and recurrent infec
tions. The third group has terminal 16p13-pter ahapion and is not well defined to date. Based oncases
and reported cases of pure partial trisomy of I6thé literature we propose diagnostic measuresase of
an elongated 16p chromosome encountered in presiatahosome analysis.
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I ntroduction

Complete trisomy 16 is one of the most common chro-
mosomal anomalies found in first trimester spontaise
abortions but has never been reported in liveb@ihs

However, mosaic trisomy 16 and partial duplication
of chromosome 16 [dup(16)] have been reportedvi li
borns (2, 3). Most of the cases described are anbad
products of maternal reciprocal translocations #rel
specific phenotypes reported for pure dupl6p cancer
only a limited number of patients. To date onlyefiv
cases of de novo trisomy 16p with abnormal pheretyp
have been reported (3-7). We report the clinical eyt
togenetic data of three new cases of pure trisofp; 1
and in the light of these observations discusstieno-
types of these chromosomal anomalies.

Case Reports

Caseone
The proposita is the second child of healthy, w@atesl
parents with an unremarkable family history. The

mother and the father were aged 29 and 36 yegseges
tively at the time of the infant’s birth. The pregry
was uneventful until 24 WG (weeks’ gestation) when
ultrasonographic examination suspected Intrauterine
growth retardation ( IUGR) which was not confirmetd
birth. At 39 WG a baby girl was delivered. Weighasv
2900g, length 49cm and occipitofrontal circumfeenc
(OFC) 33.5cm.

At birth the baby was hypotonic and showed dys-
morphic traits. Later on seizures occurred andyqzsy-
chomotor developmental delay was apparent.

The child sat at the age of 2 years and did nok wal
and had no language at the age of 28 months. Addhe
of 8 months ventricular and atrial septal defectsew
noted as well as right vesicoureteral reflux. Shd re-
current otitis. At the age of 28 months the chdhiy-
potrophic with ertelorism, retrognathia, small @egith
broad nasal bridge, everted upper lip, long phiftru
posteriorly rotated and dysplastic ears with stk
and excess of skin, low set and inverted breagilesp
large hands with arachnodactyly and adducted thumbs
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Pure partial 16p duplication

The proposita has mild hearing loss and ophthalmo-

logic examination revealed bilateral strabismukgtéral

excavations of optic nerves' head due to coloboma

anomaly, left eye amblyopia and severe loss ofalisu
acuity on the right side.

Magnetic Resonance Imaging (MRI) reveals an in-
creased pericerebral space and ventricular ditetati

Casetwo

The proposita is the first child of healthy unretapar-
ents. The father and mother were aged 26 and 28 yea
respectively at the time of her birth. Pregnancy wa-
eventful and a baby girl was born at term. Weighsw
3180 g, length 48 cm and OFC 34.5 cm. During thet fir
weeks the baby was hypotonic and had difficultyabte
feeding. Submucous cleft palate and micrognathiee we
noted at the age of one month. Later she develpped
chomotor retardation. She sat at the age of 1 gedr
began to walk unaided at the age of 2 years. Uaatili
hernia required surgical intervention at the age4of
months and submucous cleft palate was repairedeat t
age of 1 year. Meckel's diverticulum was noted rayri
abdominal surgical intervention. The proposita frad
quent episodes of otitis and pulmonary infection.

and schizophrenia have been found in his motheredls
as 4 other maternal family members.

The mother and father were aged 33 and 30 years re-
spectively at the time of pregnancy. The pregnamayg
uneventful and led to the term birth of a boy witkight
3300 g, length 50 cm and OFC 34 cm.

The newborn had no problem except for difficulty
breast-feeding. Mild hypotonia was noted at the gigk
year and the propositus walked unaided at 18 months
Acquisition of language was delayed and diagnosis o
mutism was suspected at the age of 4 years. However
after this age, the boy progressively acquired uagg
skills.

At 12 years he has psychoaffective disorder with a
high level of anxiety and depression. These traits
accompanied by scolastic learning disability. He ha
abnormal movements or tics.

Motor performance is normal and he presents no
specific dysmorphic traits except for a long facel a
mild strabismus. Height and weight are in the ndrma
range but OFC is 52cm (-1.5SD).

Cytogenetic studies
Peripheral blood samples of the patients and {bair

At the age of 16 years she has no language and preents were used for cytogenetic studies. R-bandimy a

sents severe mental retardation and behavioratddis®
including hyperactivity and autoagressivity. Weight

fluorescence in situ hybridization (FISH) usingriaig
and specific subtelomeric probes were performed ac-

height and OFC are normal (measurements betweencording to standard protocols and probe supplies

mean and -1 SD). Dysmorphic traits include: scapho-

cephaly, narrow forehead, hypertelorism with upttan
palpebral fissures, broad and prominent nasal bridg
with broad nasal tip, big mouth with a thick uppier
long philtrum, micrognathia and large ears. Brackyda
tyly, spindle shaped fingers and 3-4 cutaneous aynd
tyly were present.

She has mild hearing loss secondary to recurrént ot
tis and no visual impairement.

Sexual development is normal. cerebral CT (com-
puterized tomography) scan shows no malformation.

Casethree
This boy is the first infant of a young couple. The
mother is a healthy G5P2 woman with a history of tw

ommendations on all samples (8). For patient orck an
his father C-banding (8) was also performed. FISH
slides were visualized on a Zeiss Axioplan 2 flsere
cence microscope and analyzed with an image process
(Imstar, Paris, France). In case one, karyotypdysisa

on banded chromosomes showed an elongated short arm
for one chromosome 16. FISH with wcp (whole chro-
mosome paint, Q-Biogene, lllkirch, France) 16 painte
the entire elongated chromosome 16. FISH with $ubte
16p probe (Vysis, Downers Grove, IL.) was positioe

the elongated 16p. Parents chromosome studiesRwith
banding and FISH (wcpl6 and tel 16p) showed normal
chromosomes16. The combined results from R-banding
pattern and FISH studies were in favor of a "deafiov
interstitial 16p duplication. The duplicated regiams

miscarriages and one neonatal death. She had beernterpreted as 16p11-p13 (Figure 1).

adopted as an infant and we thus have no informatio
regarding her family history. However we do knowtth
she was dyslexic during infancy.

The father is healthy but has a heavy family histor

In addition, R-banding pattern suggested an abnor-
mal chromosome 4q in the patient and his fathetthEu
studies by C-banding and chromosome 4 paintingimvas
favor of a satellited chromosome 4q inherited tigiou

of severe psychotic disorders. Bipolar mood disorder the father.
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Figure 1. First patient

a : Partial R-banded karyotype showing chromosabées
b : FISH with whole chromosome 16 paint

¢ : FISH with tel 16p probe

d : FISH with centromeric chromosome 4 probe

In case two, karyotype analysis of chromosomes 16 in case one. The proposita was diagnosed as having
in the patient and her parents showed the samésesu "de novo" 16p11-p13 duplication (Figure 2).
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Figure 2. Second patient

a : Partial R-banded karyotype showing chromosatées
b : FISH with whole chromosome 16 paint

¢ : FISH with tel 16p probe
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Figure 3. Third patient (a,c and d) and his mother (b)
a and b: Partial R-banded karyotype showing chromes 16
c¢: FISH with whole chromosome 16 paint
d : FISH with tel 16p probe



In case three, chromosome analysis with R-banding
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probes were performed in our patients and confirmed

showed an elongated chromosome 16 short arm in theinterstitial duplication.

patient and his mother. FISH with wcp 16 painted th
entire chromosome 16 and subtel 16p probe wasiymsit
in the patient and his mother. The father's kanyetyas
normal. According to the R-banding pattern and FISH
studies the anomaly was interpreted as a proximal
16p11-p1l2 duplication inherited through the mother
(Figure 3).

Discussion

Partial trisomy 16p is a rare chromosomal anonfahe

of the difficulties in the cytogenetic diagnosis H6p
anomalies is the precise determination of the daj#d
region. To date at least thirty two cases of timsraaly
have been reported (2-6,9-10). Twenty seven ofethes
duplications are not pure but are the unbalanced-pr
ucts of a parental reciprocal translocation (2,3).

Only five cases of pure partial trisomy 16p witteph
notypic anomalies have been reported (3-6,7).

"Silent" euchromatic duplications of proximal 16p
have also been reportedAll cases were inherited
(7,9,11-13). Our third case which concerns a 16-yea
old-boy with a proximal 16p duplication inherited
through his mother, seems to fall into this catgg®he
boy has no malformations or dysmorphisms. Although
he presents major psychoaffective disorder assmtiat
with scholastic learning disabilities, the relasbip
between this phenotype and dup16p inherited through
his normal mother is not evident. The psychoaffecti
disorder in this patient might be at least pastiadilated
to the psychiatric history in the father's family.

Recently Engelen (2002) reported a proximal 16p
duplication (p11.2-p12.1) with developmental retard
tion and psychiatric symptoms in a 40-year-old raoth
and her 6-year-old daughter. These patients pregent
microcephaly and short stature™(®ercentile) which
was postnatal in the daughter (unknown for the ewth
The daughter also had upslanting palpebral fissures
After a review of literature, the authors propobatt
proximal 16p duplication is accompanied by psychemo
tor retardation and developmental delay and seerhs t
responsible for mild facial dysmorphism. F.Natacci
(2002) report an interesting case of pure partiakimal
16p (p11.2-p12.2) duplication in a 23-year-old dgsm
phic patient with severe mental retardation andstaat
behaviour.

Our cases one and two have interstitial 16p11-p13
duplication. As R and G-banding are not always suffi
cient to differentiate interstitial and terminal plica-
tions, FISH with wcpl6 and specific subtelomerigp 16

The comparison of these two cases with the four
cases of 16p duplication including the p11-p12~pl3
region reported in the literature (Table 1) allowsde-
lineate a recognizable phenotype including seveza-m
tal retardation, dysmorphism, variable malformagdion
and recurrent infections. At birth the infants amestly
eutrophic. Dysmorphic features include: craniosymos
sis, large prominent forehead, hypertelorism, prami
glabella, small palpebral fissures, prominent naxil
long philtrum, thin upper lip. Ears may appear prom
nent and dysplastic with a prominent anthelix. Tieek
is short. Most infants have umbilical or inguin&rhia
or diastasis recti. Fingers are spindle shaped watir
able minor deformations. Other malformations can be
present: cerebral, digestive, renal and genitalst\a-
tients present recurrent infections notably respita
and ear infections. Severe mental retardation @®ra
stant finding and seizures can occur.

In addition to 16p duplication, case one preserits w
a satellited chromosome 4q which was inheriteduipho
the father. To date six cases of satellited chramas4q
have been reported (14-19). Two cases had an abhorm
phenotype (one case with craniorachischisis and one
case with cerebellar ataxia and mental retardation)
However in both cases the authors suggest a fiouait
association between the physical abnormality ared th
chromosomal abnormality. It is probable that in par
tient the inherited satellited chromosome 4q doets n
contribute to the phenotype.

Only two patients of a suspected terminal 16p dupli
cation (16pl13-pter duplication) have been reported
(6,10).

The first patient presented an autistic disorded an
Tourette’'s syndrome. A de novo 16pl13-pter duplarati
was detected through an elongated chromosome 16p.
The banding pattern was abnormal and compatible wit
distal 16p13.1-pter duplication. The report of théient
with autistic disorder and Tourette’'s syndrome asso
ated with dupl6p is unique. However linkage studies
and systematic gene scan in Tourette patients tave
date never shown a linkage with chromosome 16. More
over, a gene implicated in Tourette’s syndromebeen
located on chromosome 11g23. The second patient pre
sented multiple congenital anomalies.

Based on our three observations and a review ofitthe
erature we propose that three categories of trisbépy
be defined. The first group commonly called silent
chromatic proximal 16p duplication is generally énh
ited and has no specific dysmorphic feature. Saases
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Table 1. Anomalies in patients with pure 16p11-p12~p13 diugtion

Dallapicola Llamas Corrasco Natacci Engelen Casel Case?2
1979* 1981° 1997° 2002’ 2002°
Chromosomal ql1-pter gql1-pter pll.2-p12 P12.1- P11.2-12.1 pll-p13 pll-p13
abnormality 12.2
Birth weight 2800 3300 3700 ? 4050 2900 3180
Birth length 48 51 ? ? 51 49 48
Psychomotor delay + + + + - + +
Round face + + + - - - -
Frontal bossing +/-?wide frontal ~ +/-? + + - + -
bone
Hypertelorism + + + + - + +
Short palpebral fissures + + + - - - +
Strabismus - - + - + -
Nystagmus + + - - - -
Broad nasal bridge + + + - - + +
Anteverted nostrils + + ? + - - +
Prominent maxilla + + 2 + - + +
Thin upper lip + + ? - - + .
Long philtrum - + + - - + +
Low set ears + + + + - - -
Dysplastic ears + + +/- + - + +
Short neck + + + - - + -
Excess skin of neck ? ? ? - - + -
Spindle shaped fingers - tapered ? ? ? - + +
Cerebral atrophy ? + ? + - + -
Ocular malformation Glaucoma ? Microphthalmia ? dbolma -
Cleft hard palate - - + + ? - +
Craniosynostosis + + - - - - +
Cardiac malformation - - - - - + R
Umbilical or inguinal + + ? - - - +
hernia
Ureteric abnormalities ? ? ? - - + -
Single umbilical artery ? ? + ? - ? 2
Hypospadias - + - - - - -
Mental retardation + + + + mild + +
Seizures + - + + - + -
Truncal hypotonia ? ? + - - + +
Peripheral hypertonia + spastic + ? - - - -
? ? + + - + +

Recurrent infections
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reported in the literature and our third case showon-
stellation of psychiatric or mood disorders.

The second group includes the larger 16pll-
pl2~p13 duplication. Patients have severe mentait-re
dation, dysmorphism, and recurrent infections (€aljl
All show variable malformations but these malforma-
tions could be difficult to detect on foetal ultoasd.

The third group pure terminal 16p13-pter duplicatio
is not well defined to date because of small nundjer
reported cases.

Duplication of chromosome 16p can cause
MR/MCA. When an elongated 16p is discovered at pre-
natal diagnosis, the primary concern is to difféieta
between a silent euchromatic variant 16p and adlep
plication with clinical manifestations. This neciésies
parental chromosomal studies and should includélFIS
studies with painting and subtelomeric 16p probes.

The report of Engelen et al. of an isolated mild MR
in dup 16p11-p12.1 points to the persistent difficin
defining a precise phenotype. However, in case dé a
novo duplication involving p11-p12, the appareterdi
region, one must remain prudent concerning prognosi
until the precise distal limit of the silent euchratine
duplication has been defined. When chromosomeestudi
are performed post-natally, the MCA phenotype de-
scribed above should suggest the possibility of dép
plication.
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