Understanding Chromosome & Gene Disorders
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Pallister -Killian Syndrome

Pallister -Killian syndrome is caused by the presence of a small extra

chromosome in some cells of the body. The extra chromosome is made up of

two mirror copies of the short (p) arm of chromosome 12. This type of

chromosome is called an isochromosome. Cells usually have two copies of
chromosome 12,e ac h ¢ o n tpé@inmMdigéagn.On ed addi t i o n pdo f
arms of chromosome 12 results in cells having four copies of this part of
chromosome 12 instead of two. This is referred to as mosaic tetrasomy 12p.

Mosaic means that the extra chromosome is not found in all cells and tetrasomy
means that there are four copies as shown in theimage below.
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The effects of mosaic tetrasomy 12p are caused by the genes carried on the
extra chromosome. Typically, these genes cause a distinctive syndrome called
Pallister -Killian Syndrome (PKS). However,for reasons that are not well
understood, the severity of the effects of having mosaic tetrasomy 12p varies
enormously between people. Therefore, not all children diagnosed as having
mosaic tetrasomy 12p will have classical Pallister -Killian Syndrome. Only those
who are recognisably affected by the extra DNA are described as having
classical PKS and these are the children who will be considered in this booklet.

Sources

The information in this booklet is drawn from published medical literature and
information from Unique members. The first -named author and publication date
from articles in the medical literature are given to allow you to look for the
abstracts or original articles on the internet in PubMed (http://www.ncbi.nlm.
nih.gov/pubmed). If you wish, you can obtain most articles from Unique. Unique
member surveys were carried out in 2004 and 2016. In addition to this, Unique
held an international study weekend in 2010. Please read our Pallister-Killian
Syndrome Study Weekend Report available on our Disorder Guides webpage.
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Diagnosis

Chromosome disorders are usually diagnosed by examining DNA taken from
white blood cells. However, children with mosaic tetrasomy 12p often appear to
have normal chromosomes in their blood cells, so the diagnosis is usually made
from skin cells or cells taken from inside the cheek (buccal mucosa). Samples
may be analysed by a simple chromosome counting technique (karyotyping) or
chromosomes may be analysed more closely using a technique called
fluorescence in situ hybridization (FISH) or array comparative genomic
hybridisation (CGH). The results you are given will depend upon the way your
childés samples were analysed.

Results of a chromosome test
Karyotype example

Most cells in our body contain two copi
(numbered 1 to 22) and two 0sex6 chr omo

a Y (male). When a cell sample is taken and prepared in a specific way, the
chromosomes can be seen under a microscope and counted. This is called a
karyotype, an example of which, for somebody with tetrasomy 12p, can be seen
in the image below. Mosaic trisomy (three copies) and hexasomy (six copies
(including two copies of the isochromosome)) have also been identified (Van den
Veyver 1993; Ch00.2002; Vogel 2009)

Karyotype : ! $
Tetrasomy 12p karyotpe using a ¥4 A B 2 ati|.
basic staining technique. S( " ) ; § 4% A .

The extra 12p isochromosome is

indicated by an arrow and ‘, ﬁ‘ 55 3¢
labelled |12p 9 " 1 16

There are different ways of writing a PKS karyotype. The simplest is:

47 XY ,+i(12p)/46,XY

47  The total number of chromosomes seen in some of the cells examined
XY  The two sex chromosomes. XY indicates male. XX indicates female

+i There is an additional isochromosome
(12p) The isochromosome is made from copies of the p arm of chromosome 12
/46 Some of the examined cells have 46

chromosome count. This is because the tetrasomy is mosaic
i.e. notin all cells
XY  The two sex chromosomes, X and Y. This would be XX in a female
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Mosaicism and cell counts

When you are given a karyotype result, you may also be told what proportion of
cells contain the extra 12p chromosome. This count does not reflect the overall
proportion in the entire body. In particular it does not reflect the proportion in

the vital organs, such as the brain, at critical stages of development before birth
so it is not an indication as to the possible severity of the outcome (Bielanska
1996; Schaefer 1997; Doray 2002; Dong 2003; Polityko 2004; Vekemans personal
communication). Severely affected children can have very low levels of abnormal
cells and children so mildly affected that they do not have classical PKS can
show a high ratio of abnormal cells (Schinzel 1991; Bielanska 1996; Doray 2002;
Genevieve 2003). The percentage of cells containing the isochromosome
depends partly on the tissue examined and the age at which the test was
performed. An example of a karyotype including a cell count is given below.

47 XY ,+i(12p)[7]/46,XY[6]

47  The total number of chromosomes seen in some of the cells examined

XY  The two sex chromosomes. XY indicates male. (XX indicates female)

+i There is an additional isochromosome

(12p) The isochromosome is made from copies of the p arm of chromosome 12

[7] Of the 13 [7+6] cells examined, 7 were seen to contain the isochromosome

/46 Some of the examined cells have 46 c|
chromosome count. This is because the tetrasomy is mosaic
i.e. notin all cells

XY  The two sex chromosomes, X and Y (male). This would be XX in a female

6] 6 of the 13 cells examined were foun
46 chromosomes.

You may also see the karyotype written as47,XX,+i(12)(p10)[26]/46,XX[12]

This result shows you that in 26 of the 38 cells examined from this female (XX,
47 chromosomes were seen, including one that was an isochromosome of
chromosome 12. The extra bit of information you have been given(p10)is that
this isochromosome consists of two mirror images of the short p arm of
chromosome 12, starting at a point known as p10. The p10 band is included in
the centromere, the point where the two arms of a chromosome meet. This
means that for this child the extra chromosome consists of two almost complete
short arms of chromosome 12.

p13.33 _

Banding pattern (ideogram) of the p arm of ﬁigigf

chromosome 12. The numbering starts at the P37

centromere (yellow band at the bottom of the

image) and counts upwards towards the end of .,

the chromosome. The point known as p10 is p12.1

included in the centromere. plL.2
p11.1

p arm of

pi23 chromosome 12




FISH example

Cells can also be analysed by a technique called FISH (fluorescencein situ
hybridisation). This technique uses fluorescently labelled pieces of DNA that
match the DNA in specific places on a chromosome so this test will only be
offered if tetrasomy 12p is suspected. An example of a FISH result is shown
below.

This is an example of a FISH test result showing a
chromosome 12p isochromosome. All chromosomes
are stained blue and the DNA at the centromere (the
point where two chromosome arms meet) of the two
chromosome 126s is | abel
of the 12p isochromosome is also labelled green,
this is why you can see three green dots. The
centromere of chromosome 6 is labelled red as a
control to check the procedure worked correctly.

Array CGH example

Arecent test now available to detect differences in the DNA content of
chromosomes is called microarray comparative genomic hybridisation (array
CGH).This technique allows DNA to be analysed in great detailand can detect
duplications even when this diagnosis is not suspected An example of an array
CGH analysis is given below.

arr[ hg19] 12pterp11.1 (1-34647404)gain

arr  The analysis used microarr ay technology

[hg19]Human Genome build 19. This is the reference DNA sequence that the
base pair numbers refer to. As more information about the human
genome is found, new Obuildso6 of the
numbers may be adjusted

12p DNA from chromosome 12 is duplicated

pterpll.11 The duplicated DNA is from pter (the terminal
end of the p arm to p11.1(which is at the other end of
the p arm close to the centromere).

(1-34647409 The duplicated fragment is identified by its
base pair position (the exact points where the
chromosome has been duplicated). In this case, the
extra piece of DNA is from 1 bp to 34647404bp

gain There is more of this section of DNA than expected.

Base pairs

Further testing is required to determine whether there &>
is an isochromosome, or whether the additional DNA is DNA >
joined onto one of the 0no: maruv®™+uv chr



Cell samples and diagnosis

During pregnancy, mosaic tetrasomy 12p can sometimes be confirmed from a
sample of chorionic villus (CVS) tissue taken from the developing placenta

around 10 weeks after fertilisation. CVS cells develop from the same fertilised

egg as the embryo (developing baby) and usually share the same DNA
(chromosomes). However, the CVS cells do not always reflect those in the baby
and this test may miss the diagnosi s. I
CVS result comes back negative, an amniocentesis is needed. Chromosome
diagnosis on cells obtained by amniocentesis is usually accurate, especially if

FISH using a chromosome 12 specific probe is used to increase certainty (see

page 4).

After a babyodés birth, chromosomes from
first, but in PKS this often produces a normal result. This is because in cell types

that have a rapid turnover, such as white blood cells or bone marrow, the cell

line with the extra chromosome tends to be lost in favour of the cell line with

normal chromosomes. A blood sample taken within days of birth may, however,

still reveal some cells with the extra chromosome. Tissues with a slower cell

turnover such as skin or the mucous covering of the inside of the mouth (a

buccal smear) are more likely to reveal the additional chromosome for longer
(Manasse 2000).

Late diagnosis of PKS is common due to false negative test results, usually from
bl ood samples. Dr Moira Blyth, who took
carried out an in depth study of UK families who have a child with PKS (Blyth
2015). Twentytwo children known to have PKS were assessed, the majority of
whom were given repeat DNA tests. Of the 20 children who had their
chromosomes investigated by FISH analysis of cheek cells, 15 tested positive for
PKS (75%). Of the 19 children tested by array CGH using DNA from a blood
sample, three tested positive for PKS (15.8%). During this study, two children
were identified as having previously unidentified hexasomy 12p (six copies of
12p), one of whom was mosaic hexasomy/tetrasomy meaning that some cells
were identified as having six copies of 12p, and some cells had four copies.

Age at Diagnosis

Since the outcome of having mosaic tetrasomy 12p is so variable, babies and
children are diagnosed at various stages of development. Those who are born
with obvious physical anomalies such as a diaphragmatic hernia are more likely
to be tested at birth, or during pregnancy if this is identified during routine
screening. Others may be offered a genetic test if other unusual features are
observed at birth. The majority of Unique members were identified as babies or
toddlers due to concerns such as developmental delay, floppiness, feeding
problems or lack of eye contact. However, some Unique members were
diagnosed later in childhood (the oldest being almost 6 years) since a genetic
test was not offered or a false negative result was initially received.
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How common is PKS?

It is difficult to estimate the prevalence of PKS since many children will not have
been diagnosed, and many of those who are diagnosed are not reported in the
literature. However recent studies have reported a birth incidence of 5.1 per
million live births (Blyth 2015). Fifteen years ago, just over 100 people with PKS
had been described in the medical literature (Dufke 2001). Today (2016), the
count has increased to over 200. Uniquecurrently has 71 members with PKS
who live worldwide.

Main features
Features of PKS vary considerably but the main features are as follows:

Floppiness (hypotonia)

Mild to profound intellectual disability

Speech delay or absence

Developmental delay

Seizures

Specific facial features
Specific facial features may include one or more of the following: high arched or
cleft palate (roof of the mouth); prominent forehead; broad nasal bridge; widely
spaced eyes (hypertelorism/telecanthus); skin folds across the inner corner of
the eye (epicanthic folds); forward facing nostrils (anteverted nares); large
mouth with thin upper lip and/or thick lower lip; large tongue; long philtrum (the
groove between the nose and the upper lip) that may extend into the lip; low-set,
backwards-rotated ears; sparse eyebrows/eyelashes; areas of alopecia (sparse
hair or bald patches around the temples) that improve with age; small lower jaw
(micrognathia) in children and large lower jaw (prognathia) in adults; short neck.

Other features

Heart condition

Anal atresia (the anus may be closed or absent)

Sacral appendage (bony outgrowth at the base of the spine)

Short arms, legs, hands, feet, fingers or toes

Diaphragmatic hernia (a hole in the muscular wall separating the heart and
lungs from the contents of the abdomen)

Exomphalos (a defect in the abdominal wall that causes the intestines, liver
and occasionally other organs to remain outside of the abdomen in a sac)
Polydactyly (extra fingers or toes)

Hypopigmented and/or hyperpigmented lesions (patches of lighter or
darker skin)

Supernumerary nipples (extra nipples)

Anhydrosis or hypohydrosis (deficiency or absence of sweating)

These features, and others found to be associated with PKS are explained in
more detail later in this guide.
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Pregnancy

While pregnancies with mosaic tetrasomy 12p are often unremarkable,
polyhydramnios (unusually large amount of amniotic fluid) has been seen both in
pregnancies where babies have physical anomalies and where they have none.
Too much amniotic fluid can lead to premature delivery. Fifteen Unique
members mentioned their child with mosaic tetrasomy 12p was born early
(between 1 and 13 weeks earlier than expected) and 14 mothers reported
polyhydramnios. Typical anomalies observed on ultrasound scans are increased
nuchal translucency (the thickness of the fold at the back of the neck), short
arms and legs, a diaphragmatic hernia, and heart defects. Some doctors have
suggested that some of the typical facial features (small nose, thin lips) can also
be detected by mid-pregnancy ultrasound (Mathieu 1997; Schaefer 1997,
Langford 2000; Paladini 2000). Some babies with tetrasomy 12p were also
identified as having ventriculomegaly (enlargement of the fluid -filled spaces in
the brain) during routine pregnancy scans. A genetic test during pregnancy is
advised if there are concerns about fetal development or an anomaly is detected.

Birth

Many babies are born early and are large for dates. Among the 25 Unique babies
whose birth weight is known, the heaviest baby weighed 4650 grams (10lb 402z),

while the lightest weighed 1276 grams (2Ib 10z) and was born at 29 weeks.
Occasionally, babies have been found with hydrops. This is a severe bloating of

ti ssues caused by excess fluid due to t
can overwhelm the babydés organs (Schinz
Dorey 2002). Low Apgar scores are common and babies can be profoundly

hypotonic (floppy) at birth, experience distress, need resuscitation and in some

cases care in the neonatal intensive care unit. Breathing is commonly affected,

so additional oxygen is required and some babies need to spend at least a short

time on a ventilator. A genetic test is commonly carried out after birth if the baby

has any unusual symptoms as described earlier in this guide. Some babies have

|l arge fontanelles (0soft spotsdé on the




Babies

If a baby is not diagnosed during pregnancy or at birth, delays in reaching
developmental milestones or lack of eye contact are a common early indication.
Failing standard developmental assessments may also prompt a genetic test.
However, as mentioned earlier, late diagnosis of PKS is common due to false
negative blood test results.

Feeding Many PKS babies have successfully breastfed for months although
some needed a period of bottle feeding or spoon feeding and a few have needed
a nasogastric tube (a tube leading to the stomach that is inserted via the nose to
allow all feeds and medicines to be taken directly) or gastrostomy (a feeding
button). Babies with a cleft or very high arched palate (described in just over a
thrdof the Unique series) have faced part
experience they have fed more successfully from a feeder designed especially
for babies with sucking difficulties. The underlying low muscle tone makes
feeding a particular effort for most PKS babies and while some feed adequately,
they may still lose weight and need supplementation with a high energy formula.
A minority of babies have reflux, where feeds readily return up the food pipe
from the stomach. In most cases this has been controlled with medication and
feed thickeners as well as careful positioning. If these steps do not control

reflux, it is possible to tighten the valve between the stomach and the food pipe
with a surgical operation known as a fundoplication.

Some PKS babies are reluctant to feed since their sucking reflex is not
developed or they find it difficult to co -ordinate sucking, swallowing and
breathing. These difficulties may be exacerbated by palate anomalies.
Occasionally babies have a cleft in the uvula (the extension of the soft palate that
hangs from the roof of the mouth above the back of the tongue). Once babies
move on to solids, they typically need mashed or puréed food for longer than
other children. While some children remain unable to chew and continue to need
their food finely chopped, others progress to family foods by mid childhood.
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Sleep Sleep disorders are not a specific feature of PKS and many families

describe sleep disruption that is no different to any other young child. However,

a few Unique families have reported a continuation of the newborn sleeping

pattern with their child unable to distinguish day from night and many families

record that their babies sleep for very long hours until a much greater age than

other children. Once children learn to sit up and relate to their surroundings the

great need for sleep appears to abate. In the meantime, very short therapy
sessions may need to be scheduled in or

Children

Once your child has shown their individual pattern of development it will become
easier to predict their longer term possibilities. Older medical texts from the

early 1990s tend to paint a gloomy picture. While it is true that some children

will be very delayed in walking and some may not walk, others may only have

mild learning difficulties or none at all. However, mildly affected children are

thought to be rare (Schinzel 1991; Doray 2002). The mosaic nature of PKS makes
predicting a childds outl ook very diffi
diagnosed before birth, where the additional chromosome has been identified

without any clear indication as to severity. Ultrasound scans can reveal physical
anomalies but cannot tell you about a c
character or how high a quality of life they will have.

Mobility

The hypotonia that affects babies from birth tends to persist at least into early
childhood, and babies with PKS are delayed in reaching their motor development
milestones. The range of delay is very varied, with the age at which children in
the Unique series first sit up or roll over and become mobile ranging from 3
months to 8 years 7 months. The age at which children take their first steps
varies between 1 year 7 months and 9 years and some children need supportive
footwear, splints, standers and walking aids to achieve this. Although babies are
late to roll and sit up, some learn to scoot on their backs. In general, babies who
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sit early tend to walk early and go on to become more fully mobile than babies
who do not sit until four or five years. However, even late sitters and walkers and
those who never walk can take part in a broad variety of activities. In 1997 it was
estimated that 30 per cent of children and adults with PKS are able to walk
(Mathieu 1997). A more recent study of 22 UK people with PKS (Blyth 2015)
reported this value as almost 38%, while a study in the US reported 17% (Wilkins
2012).

In many children the early hypotonia improves with increased mobility and as it
does so, it may be replaced by increased muscle tone. Some older children may
also develop joint contractures (shortening and hardening of muscles/tendons/
other tissues that can lead to rigidity of joints) or show limited extension of their
elbows, and others may develop the spinal curvature of scoliosis or kyphosis
(Horneff, 1993). Children may receive routine occupational and physical therapy
but there are other therapies that can be of great benefit such as aquatherapy
and hippotherapy (riding for the disabled).

p At 7, he is too hypotonic to stand alone or to walki but he does ride with his
pony instructor. q

p Physically, he was an early developer, sitting at 7 months, crawling at 12
months and walking alone at 22 months. At almost 8 years, he runs, swims,
cycles and plays football. q

Ability to learn

Most children with PKS experience learning difficulties and for many this may be
exacerbated by hearing and vision problems. However, some children have only
a mild learning difficulty. Most children attend special schools but some are in
mainstream schooling with a dedicated support worker or teacher.

11



pHe started to read this year. Today he
and writes short to medium length sentences. He has a good memory and his
strengths are visual memory and logic. He attends a mainstream school with a
support teacher. His learning difficulties are described as moderate. q- Age 7

p She has profound learning difficulties but she has a good memory and at the

age of 7 remembers songs sung to her as a baby. She is always improving, but

very slowly. g - Age 7

Age 11

Communication

Speech tends to be late to develop and may remain limited or not develop at all.
A recent study (Blyth 2015) found that almost three quarters of children over the
age of 18 months and adults with PKS were not talking. Many families report a
lack of eye contact and communication in the early years and a tendency for
their child to live in a separate world of their own. However, in the pre -school
years most children communicate their likes and dislikes with vocal noises and
gestures and may understand simple requests and statements. Older children
benefit from tactile signing and assisted communication devices. The link
between the ability to speak and to learn appears to be strong as among the
older children the three most versatile learners also speak most fluently.

p She started to interact with other children outside of her siblings at 20 months.
She cannot talk but does communicate through babble, grunting, shouting and
some gestures. q

p When he was old enough to understand, | taught him Makaton signing, which
really helped. | also made photo cards of family members, and his favourite
things, so he could show us even if he couldn't tell us. g

p She is non verbal. She is a very sociable and happy child. She communicates
with what we recognize as happy or unhappy noises. Needs a lot of practice from
the carer to decipher as can be unintentional. g
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