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Abstract

Background: In reviewed literature, several patients with duplication or partial tri-
somy of the 6p region have been described. Most of these cases are associated with a
partial monosomy of another chromosome. It has been suggested that partial trisomy
6p constitutes a well-defined syndrome. The aim of the study: To achieve a better
clinical delineation of the 6p syndrome through the description of a patient with par-
tial trisomy 6(p21.31-p25) comparing his characteristics with international reports
and to discuss aspects of the phenotype of this syndrome. Materials and methods:
A detailed clinical analysis of the patient’s condition was performed. The chromo-
somes were studied through the GTG-banding analysis. Results: On clinical exami-
nation we observed: a small anterior fontanel; fine, sparse and very pale hair, almost
white hair; very white, translucent and thin skin; pale and sparse eyebrows and eye-
lashes; very narrow palpebral fissures with palpebral ptosis (blepharophimosis); a
high nasal bridge, and straight nose with tiny nostrils; low implantation of the ears;
microcephaly, neurodevelopmental and psychomotor delay; long philtrum, thin lips,
the upper lip almost inverted and the mouth is small. From the neurological point of
view there was evidence of trunk hypotonia and limb hypertonia. These are all typi-
cal features of trisomy 6p syndrome. A cytogenetic study of the patient and his fa-
ther showed that trisomy 6p was due to an adjacent segregation | in paternal game-
togenesis as the father is a 6,16-translocation carrier. Conclusion: The possible crit-
ical region is difficult to determine due to the clinical heterogeneity present in this
syndrome. However, this case should be analyzed by molecular methods to deter-
mine more precisely the extent of the area involved in the trisomy.

Keywords: trisomy 6p; translocation; neurodevelopmental disorders; craniosynosto-
sis; syndrome
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Introduction. Several patients with du-
plication or partial trisomy of the 6p region
have been described in consulted literature.
Most cases were associated with a partial
monosomy of another chromosome (product of
an adverse segregation due to a translocation),
so it has been suggested that partial trisomy 6p
constitutes a well-defined syndrome [1-4].
When this trisomy appears in association with
a partial monosomy of another chromosome, it
is difficult to fully define whether the clinical
features observed are actually due to trisomy
6p or to haploinsufficiency of the genes in-
volved in the partial monosomy of a particular
chromosome involved in the translocation.
There are reports of this syndrome with a dif-
ferent extension of the trisomic segment on the
short arm of chromosome 6, which also makes
it difficult to determine exactly whether the
clinical manifestations are due to a large clini-
cal heterogeneity of the disease or to the dif-
ferent genes involved in partial trisomy [5].
Among the affections usually reported in par-
tial trisomy 6p we can find a neurodevelop-
mental and psychomotor delay and other
anomalies, such as severe or moderate dys-
morphic features, low-set ears, prominent
forehead, blepharophimosis, choanal atresia,
arched palate, craniosynostosis, thin lips and
tiny nostrils. Other findings have also reported
cardiac defects, palpebral ptosis, intellectual
disability, feeding problems, immunodeficien-
cy, renal anomalies and pigmentary skin
anomalies [1-11]. The current paper presents a
partial trisomy 6p21.3-6p25 product of a 6;16
translocation, with the peculiarity that in
chromosome 16 only the telomeric region
(16924) is involved, which implies that a pos-
sible monosomy of this region in the proposi-
tus does not represent a relevant clinical reper-
cussion. Based on the particularities of this re-
arrangement, with an essentially pure trisomy
6p, we discuss the clinical features of the pa-
tient and compare it with a review of the litera-
ture in order to achieve a better clinical deline-

ation of this syndrome and to discuss aspects
of its phenotype.

Materials and methods. Karyotyping
was performed using lymphocyte culture
without exogenous serum and GTG bands at a
resolution of 550 bands, according to standard
laborato ry techniques. The working algo-
rithm described in [12] was applied. The
software Metasystem was used for image cap-
ture, processing and analysis. Images were
obtained by bright-field microscopy (Olym-
pus BX-51).

Results and discussion. The patient is a
5-year-old boy, with non-consanguineous
parents (a 22-year-old mother and a 27-year-
old father), referred from the William Soler
pediatric hospital. The proband showed a
family history of mother in remission of
Hodgkin's lymphoma, who concluded the
treatment 4 and a half years before becoming
pregnant, and maternal grandmother who died
of cervical cancer. The child was born pre-
term at 36 weeks, by physiological delivery,
with a weight of 1870g (less than the 5th per-
centile), supine length 44.5cm (less than the
5th percentile) and head circumference
30.5cm. The fetus was assessed as symmet-
rical intrauterine growth retarded. In the neo-
natology service, abdominal and trans-
fontanel ultrasound and echocardiogram did
not show visceral congenital defects.

Physical examination by a genetics spe-
cialist at 2 months of age showed: a small ante-
rior fontanel; thin, sparse and very pale hair,
almost white; very white, translucent and thin
skin; pale and sparse eyebrows and eyelashes.
Very narrow palpebral fissures with palpebral
ptosis (blepharophimosis), a high nasal bridge, a
straight nose with tiny nostrils, low implantation
of the ears, long philtrum, thin lips, the upper lip
almost inverted and the mouth is small. In the
thorax teletelia is detected. In the hands and feet
there were deep palmar and plantar folds. From
the neurological point of view there was evi-
dence of trunk hypotonia and limb hypertonia.
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Follow-up of the patient revealed the
presence of other disorders such as gas-
troesophageal reflux, irritability, neurodevel-
opmental and growth retardation and micro-
cephaly. Neuroimaging studies of brain struc-
tures showed signs of brain atrophy, predomi-
nantly left temporal.

At the present moment, the child is 5
years old and has presented some changes in
the phenotype, he maintains short stature and
similar facial features, but the hair has taken a
reddish and tarnished appearance, with a
thicker and rougher consistency. From the
psychomotor point of view, the delay in the
acquisition of skills persists and, fundamen-
tally, a significant speech proficiency delay.
Hearing loss has been ruled out as a cause of
this disability.

Cytogenetic analysis

Fifteen metaphases were observed un-
der the bright-field microscope and at least 5
karyotypes were analyzed.

The 15 metaphases showed a male kar-
yotype with an apparent addition on the long

-

[ ]

arm of chromosome 16 in all metaphases
studied: 46, XY, add, (16), (q23) (Figure 1).
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Fig. 1. Partial karyotype showing chromosomes
16. Depicted on the right, the 16q with
the apparent addition, shown at the idiogram.

To determine the inherited or de novo
possible origin of this rearrangement, a chromo-
somal study of the parents was indicated. The
father was found to carry a translocation between
the short arm of chromosome 6 and the long arm
of chromosome 16, as shown in Figure 2.
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Fig. 2. Partial karyotype of the paternal translocation 6;16 and representation
of the translocation in the ideogram

Taking into account the result of the
cytogenetic study of the parents it is conclud-
ed that the child presents a derivative 16,
product of a translocation (6,16) of paternal
origin; his karyotype would be:

46, XY, der (16) t (6,16) (p21.31, g24)
pat Karyotype: 46, XY, t (6,16), (p21.31,

g24). Chromosomal analysis of the mother
showed a normal 46, XX karyotype.

The short arm of chromosome 6 has 1
204 genes making it difficult to estimate the
contribution of gene expression to the trisomy
6p phenotype. [13] The diversity of phenotypic
features that patients with the partial trisomy 6p
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may present should be considered. However,
unusual facial features, a developmental delay,
a prominent forehead, microcephaly, blepharo-
phimosis and palpebral ptosis, [1-11] can also
be found in other patients with completely dif-
ferent chromosomal rearrangements. Further-
more, if we contemplate that not all patients
with trisomy 6p present all the phenotypic fea-
tures described above, it becomes difficult to
consolidate a phenotypic pattern that character-
izes trisomy 6p as a syndrome.

The case described in this report pre-
sents a partial trisomy involving the 6p21.31-
p25 region and the clinical features most
commonly reported in the syndrome are
summarized in Table 1. The theoretical analy-
sis of the region with partial trisomy 6p al-
lows us to point out which genes may be re-
sponsible for the clinical features of the pa-
tient hereby described. The craniofacial al-
terations link to the BMP6 gene (6p24.3) has
been suggested by Castiglione et al. 2013
[13, 14].

The bone morphogenetic proteins
(BMPs) are a family of secreted signaling
molecules that can induce ectopic bone
growth. Many BMPs are part of the trans-
forming growth factor-f superfamily [15, 16].

A triple dose of this gene could be re-
sponsible for malformations such as cranio-
synostosis, choanal atresia and other more
moderate cranial malformations. This gene is
within the region implicated in the partial tri-
somy 6p of the described patient, however,
neither choanal atresia nor craniosynostosis
are observed in this patient. Similar situations
are reported in the literature by several au-
thors. Refer to Table 1.

As suggested by Varvagiannis et al,
2013 [17] craniosynostosis is caused by a tri-
ple dosage of the RUNX2 gene (6p21.1). The
RUNX2 gene (RUNX family Transcription
factor 2) is a member of the RUNX family of
genes that are essential for osteoblastic differ-
entiation and skeletal morphogenesis.
RUNX2, also known as CBFA1, maps to

6p21 and encodes the RUNT-related tran-
scription factor 2, a master regulator of osteo-
blast differentiation. Our cytogenetic analysis
of the patient under study excludes the 6p21.1
region. In addition, molecular methods were
not used in our analysis of the rearrangement
breakpoints. The clinical description of this
patient does not report craniosynostosis,
which suggests that the RUNX2 gene is out-
side of the partial trisomy region despite the
relative proximity to the breakpoint (6p21.31)
involved in the translocation [6, 16]. Villa et
al. hypothesized that duplication of the gene
for bone morphogenetic protein 5 (BMP5)
might be responsible for the premature fusion
of the patient’s sagittal sutures, but this gene
is located at 6pl12.1 completely outside the
trisomy 6p region of the proband.

Regarding the ocular anomalies present
in the reported case (blepharophimosis,
palpebral ptosis, epicanthal folds) Su
and collaborators (2012) [18] suggested nine
genes that could be involved in these anoma-

lies: FOXQL1(6p25.3), FOXF2(6p25.3),
FOXC1(6p25.3), NRN1(6p25.1),
EDN1(6p24.1), ATXN1(6p22.3), DEK

(6p22.3), E2F3(6p22.3) and NRSN1(6p22.3).
The FOX genes have also been considered by
other authors to be responsible for the ocular
malformations in these syndromes [19]. For
example, the FOXC1 gene plays a fundamen-
tal role in the regulation of embryonic and
ocular development; mutations in this gene
could cause different types of glaucoma and
iris dysgenesis [13].

In a general sense many of the pheno-
typic characteristics of patients with partial
trisomy at 6p are attributable to the 6p25-p21
region, among them: pre- and postnatal
growth retardation, microcephaly, a promi-
nent forehead, ocular malformations, low ear
implantation, long philtrum, hypoplastic kid-
neys, congenital heart defects, recurrent infec-
tious episodes [15].
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Table
Clinical signs of trisomy 6p
. Petko Breun | Castigl " Giard Sivasan-
Villa | vich et Fogu et Varvag| inget | ioniet Pierpo | joet | . Roth- karan Pre-
.- etal. ianis et netal lisbenger sent
Clinical 2007 al. al. 2007 al. 2013 al. al. 2000 al. et al etal. case
findings 2003 | 6pl2.1p : 1977 2013 ) 2002 . 2016
6pl0p 6011 1 291 6pl12.3- 6021 6p21.3 1999 6p21.3
221 | 6PLL : p21.1 | OP2IP | 6p23- | Mot 1 6P22D | goanog | BP22:3P2 ) Ton
) p25 ) 25 25.3 25 5
Develop-
mental de- X X X X - X X X X X
lay, Mental
retardation
Craneofa-
cial X X X X X X X X X X
Abnormali-
ties *
Cranio-
. X X - X X -
synostosis
Cardiac ) "
defects
Low birth
. X X X X X X X
weight
Feeding
X X X X X X
problems
Immunode-
- X X X
ficiency
Renal
. X X
anomalies
Skin pig-
mentary X X - X X X
anomalies
Psychomo-
tor delay
and other X X X - X X X X
neurological
disorders

Note: * Craneofacial Abnormalities, included: High prominent forehead, Flat occipitum, Choanal atresia, Micrognathia,
Low-set ears, High arched, Small mouth or thin lips, Blepharophimosis, Tiny nares, Short nose. Excluded: Cranio-

Synostosis

Many of these conditions are present in
the reported case and coincidentally the region
with trisomy 6p21.31-p25 encompasses the re-
gion described previously in the propositus.

The patient has a moderate mental disa-
bility, a frequent characteristic of trisomy 6p,
even though in some cases the mental disabil-
ity is mild and allows normal social interac-
tion [7, 20, 21]. The most remarkable affec-
tion in this patient is the speech proficiency
delay at 5 years of age. Polymorphisms and
CNVs (copy number variations) in several of
the genes within the 6p21.3-6pter region
(ATXN1, DTNBP1, JAR1D2, LYRM4,
MYLIP, NQO2, NRN1, RREBI1, RIPK1,
SERPINBL1) have been reported to be impli-
cated in intellectual disability [21-31].

As previously mentioned, one of the
limitations of present study is that the chro-
mosomes breakpoints were not determined by
molecular methods. Regarding the g24 break-
point on chromosome 16 and based on the
child's clinical findings we found no pheno-
typic alterations corresponding to a possible
monosomy of 16g24.1 or 16924.3, the most
likely sites to be involved in the rearrangement.
Monosomy at 16024.3 is associated with sei-
zures and autism spectrum, brain abnormalities
and neonatal thrombocytopenia. Monosomy at
16024.1, on the other hand, is associated with
lethal lung disease, with refractory pulmonary
hypertension and the child dies in the first
months of life [32, 33]. None of these altera-
tions corresponds to the clinical findings of the
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proband. It follows that the part of chromosome
16q involved in the 6,16 translocation is the te-
lomere of chromosome 16, a highly repetitive,
non-coding region of DNA.

In a general sense, this can be consid-
ered an essentially pure 6p21.31-p25 trisomy,
because the found monosomy suggests a non-
coding region on chromosome 16. All the
clinical features reported in the patient corre-
spond to trisomy of the 6p25-p21.31 region.
Other authors consider that genes located be-
tween 6p25.1 and 6p25.2 are responsible for
the clinical features of this trisomy, ** which
IS not consisting with our finding. Villa et al.
report a case with typical features of the syn-
drome in which band 6p25 trisomy is not in-
volved [8].

The careful clinical delineation of the
patient combined with the chromosomal find-
ings and the international literature reports
suggest that the critical region fundamental to
this syndrome cannot only be circumscribed
to 6p25, as it is probably more extensive.
However, this case should be analyzed by
molecular methods to determine more pre-
cisely the extent of the area involved in the
trisomy. In addition, a detailed molecular
characterization of the genes in this region
and their function during the ontogeny of the-
se patients affected with this trisomy is neces-
sary, because some of the features of this syn-
drome, such as heart disease and renal anoma-
lies, are not present in the proband. On the
other hand, triple dose genes, BMP6, do not
always affect the phenotype of individuals
with trisomy 6p in the same way, which could
suggest a variable expressiveness of this gene
in the clinic of this syndrome.
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