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ABSTRACT

Quantitative Fluorescent — Polymerase Chain Reaction (QF-PCR) is a rapid prenatal diagnosis test for
21, 18, 13 and sex chromosomal aneuploidy detection. However, it could not detect partial trisomy or
partial monosomy of those chromosomes. Here, we report a 19-month-old Vietnamese female with a 9.9
Mb pure deletion of chromosome 18 at 18p11.32-11.22 confirmed by next generation sequencing. The
patient was short statured with facial dysmorphic features as well as motor skill and speech delays. First
trimester screening showed high risk of trisomy 21 with only increased nuchal translucency (NT 3.9 mm)
by ultrasound as an indication. Prenatal diagnosis by QF-PCR from amniotic DNA revealed normal disomy.
Noticeably, two short tandem repeat (STR) markers D18S391 and D18S976 located on 18p exhibited
uninformative patterns (one peak). Thus, our case suggested that the combination of both D18S391 and
D18S976 markers with uninformative patterns in QF-PCR for prenatal diagnosis and increased NT in the
first trimester ultrasound may be a significant indication of 18p monosomy.
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Abbreviations:

AF: amniotic fluid

NGS: next generation sequencing

NT: nuchal translucency

QF-PCR: Quantitative Fluorescent — Polymerase Chain Reaction
STR: short tandem repeat
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INTRODUCTION

18p deletion (18p-) syndrome, also known as monosomy 18p or de Grouchy syndrome, is a
rare chromosomal aberration caused by partial or complete deletion of the short arm of chromo-
some 18. The incidence of this disorder is estimated to affect approximately 1 in 50000 live
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births, with a female to male ratio of 3:2. It was first described in 1963 and since then, more
than 150 cases have been documented globally.'”

The phenotypic manifestations of 18p- syndrome vary greatly from among patients depending
on the deletion size and breakpoints involved.*> The most common features include mental
retardation with variable severity, short stature, craniofacial dysmorphism as well as speech and
cognitive delays. Other clinical symptoms less frequently consist of behavioral disorders, cardiac
malformations, dystonia, growth hormone deficiency and autoimmune diseases."®’ Concerning
mental retardation, Sebold et al®> reported that the average full scale IQ was 69 with a range
from 51 to 99. Most of the affected cases are fertile and normal in puberty.'$

A majority of 18p- cases are supposed to originate from de novo deletions, whereas the
remainder is suspected to come from unbalanced chromosomal abnormalities involving chromo-
some 18 or imbalanced familial transmission of structural rearrangements.'*%? Notably, a great
number of 18p- cases were diagnosed at elder children or adults while the prenatal detection
rate of those cases has been limited due to the nonspecific indications by ultrasound, except for
the severe malformations pertaining to the holoprosencephaly spectrum which has an incidence
rate of approximately 10%.7%1%12 Here, we report a Vietnamese girl with a 9.9 Mb pure deletion
at 18p11.32-11.22, who only presented the increased nuchal translucency (3.9 mm) in the first
trimester screening and whose prenatal diagnosis by QF-PCR (Quantitative Fluorescence —
Polymerase Chain Reaction) did not detect 21, 18, 13 and sex chromosomal aneuploidy.

CASE REPORT

The proband is a 19-month-old daughter of a non-consanguineous couple. She was born
full-term by Caesarean section without complications from her mother’s second gravida. The
first trimester screening revealed high risk of trisomy 21, with a nuchal translucency (NT) of
3.9 mm. However, the prenatal diagnosis by QF-PCR from amniotic cells excluded trisomy 21,
18, 13 and sex chromosomal aneuploidy. Her birthweight was 3000g. She was referred to our
department because of short stature, motor skill and speech delays. In her mother’s first gravida,
increased NT (4.2 mm) was also detected in the fetus and the pregnancy ended in a stillbirth.

Clinical examination showed that her height (70 cm), weight (8500 g) and head circumference
(45 cm) were below the 3% percentile, between the 15" and 3™ percentile, at the 15" percentile,
respectively. Her face features were as follows: rectangular in shape with hypertelorism, a low
and flat nose and large, protruding ears. Her mouth was large with a prominent philtrum and a
Cupid’s bow shaped upper lip (carp-shaped mouth) (Fig. 1A-1B). Her neck was short. She did
not experience crawling and was able to sit at around 8 months of age. She could neither stand,
walk nor speak, and she presented a mild muscular hypotonia in both lower limbs. She knew
to express her emotions, demands and interests using body language. No other malformations
were identified.

Blood tests revealed the normal range of thyroid stimulating hormone, cortisol, free thyroxine,
and growth hormone. A cardiac ultrasound indicated no abnormalities.

The karyotype of the patient determined a partial short arm deletion of chromosome 18
(Fig. 2A), while her parents have normal karyotypes. Further analysis by NGS confirmed a
9.9 Mb pure deletion at 18p11.32—-18p11.22 (chrl8: 618,247-10,597,239) (Fig. 2B). Tracing
back to the prenatal diagnosis by QF-PCR, we noticed that the two STR markers D18S391
and D18S976 located on 18p were both uninformative. D18S391 presented a peak height/area
which was almost the same as that of the next informative heterozygous STR marker whereas
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Fig. 1 Facial dysmorphic features of the patient
Fig. 1A-B: The patient presented with rectangular face, hypertelorism, low and flat nose. The mouth was large
with a prominent philtrum and a Cupid’s bow shaped upper lip (carp-shaped mouth), large, protruding
ears and short neck.

D18S976 peak height/area appeared to be half of the previous homozygous STR marker on the
electropherograms (Fig. 3).

DISCUSSION

The karyotype of the patient indicated a partial short arm deletion of chromosome 18 (Fig.
2A), while her parents have normal karyotypes. This girl’s manifestations were in accordance
with the very frequent phenotype of most of the previously reported 18p- cases such as speech
delay and short stature; and frequent features including a rectangular face, flat nasal bridge,
carp-shaped mouth, large and protruding ears, and a short neck.'® She had mild mental retardation
with motor skill and speech delay which is also frequently observed in 18p- syndrome,>® however
she knew to express her emotions, demands and interests using body language. According to
Wester et al,' the critical region responsible for mental retardation was between 18pl1.1 and
18p 11.21. This might explain the mild intellectual disability in our case as the loss material
was from 18p11.22. Moreover, Sebold et al? reported that the average IQ score of subjects with
18p- syndromes was 69 and ranged from 51 to 99. Thus, the cognitive impairment typically
falls into the mild to borderline range.

The breakpoint was at 18p11.32—-18p11.22 and resulted in a 9.9 Mb pure deletion as determined
by NGS (Fig. 2B). According to Schaub et al,'"* approximately half of cases have breakpoints
located in the pericentromeric region and the remainders are scattered along the entirety of the
short arm. Interestingly, there have been no reports of large interstitial deletion of 18p, although
some microdeletions were reported by Myers et al.'’> Our presented case was noticeable with a
9.9 Mb interstitial deletion at 18p11.32-18p11.22. Although the lost genetic material was rather
large consisting of many important dosage-sensitive genes,” the manifestations of our case were
less severe than would be expected. Our patient has no features of holoprosencephaly spectrum,
seizure, autoimmune disease, behavioral disorder or growth hormone deficiency which were
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reported as rare features in 18p- syndromes. A similar case reported by Sun et al'® had a 15.3
Mb deletion of 18p but also had a less severe phenotype compared to other reported cases with
smaller size of deletion.'®!” This indicates the variability of this syndrome. Brenk et al* proposed
a phenotypic map for 18p monosomy syndrome based on the manifestations of their patients
and other reported cases. However, those critical regions were rather large and have not been
refined since their initial identification. In addition, the exact causative dosage-sensitive gene has
yet to be determined.’

There were a number of factors which might contribute to the variability of this syndrome
including age-related symptoms, inhomogeneous clinical classification, incomplete penetrance of
the trait, undetected mosaicism, and the uncovering of a recessive trait by the deletion.*> In a
report by Hasi-Zogaj et al,’ the average age of onset seizure was 11 years old. A critical region
for holoprosencephaly, HPE4, has been defined to be the most distal segment of 18p. However,
the hemizygosity of HPE4 does not always confer the phenotype of holoprosencephaly as it
presents in approximately 10-15% of 18p- patients with variable spectrum, from the severe
malformations such as cyplopia, cebocephaly, premaxillary agenesis to the mild forms such as
agenesis of corpus callosum, hypopituitarism, and minor facial feature with/without brain malfor-
mation.! This suggests the involvement of other multiple genetic and environmental factors. Our
patient was diagnosed at 19-month-old, much younger than the majority of previously reported
18p monosomic cases. As there were some symptoms that were age-related development, the
long-term follow up with our case is necessary.

The QF-PCR analysis of the fetal DNA extracted from AF showed disomy patterns for
chromosome 13, 18 and 21. Five investigated STR markers of chromosome 18 were D18S391,
D18S976, D18S535, D18S386, and D18S390, in which only D18S391 and D18S976 markers
located on the short arm of chromosome 18 (18p11.2 and 18p11.31, respectively). Remarkably,
both D18S391 and D18S976 markers illustrated uninformative peaks while the two markers
D18S386, and D18S390 exhibited clear heterozygous patterns within the normal range (Fig. 3).
Thus, normal disomy for chromosome 18 was reported. Among the eight STR markers linked to
chromosome 18 including five for standard reactions (S1 and S2 set) and three for back-up reac-
tion (M18) provided in Aneufast QF-PCR Rapid detection 21, 18, 13, X and Y Aneuploidies kit,
only two markers D18S391 and D18S976 represented the short arm chromosome 18. Moreover,
the peak height/peak area of D18S391 was almost equivalent to the peak height/peak area of
the neighbor marker D13S631 (heterozygous peaks) which might suggest equal DNA dosages
at these loci. A similar pattern was seen for D18S976 as compared with the neighbor marker
D13S258 (heterozygous peaks) while its height/area was almost half of D18S535 (homozygous).
Unfortunately, these monosomic indications were missed as uninformative peaks in prenatal
diagnosis for the patient.

This is the first case we have detected among more than 3300 cases of prenatal diagnosis by
QF-PCR in our laboratory since 2011. QF-PCR is a rapid aneuploidy test for prenatal diagnosis.
It is not designed for the diagnosis of structural chromosome abnormalities and monosomy,
but monosomy X. Therefore, QF-PCR may overlook structural chromosomal abnormalities.
Among 163 samples blindly tested by QF-PCR for aneuploidy of chromosome 13, 18, 21 and
conventional karyotyping, Moftah et al'® detected two cases with monosomy 18p by conventional
karyotyping, and both cases were considered normal by QF-PCR analysis. Nevertheless, from
our case, it is important to analyze the peak height/peak area of one or more QF-PCR STR
markers with trisomic biallelic or homozygous patterns which might be useful indications for
either partial trisomy or partial monosomy. By doing this, we could not only minimize the
number of misdiagnosed cases but also detect affected subjects early during the prenatal period.
Inkster et al’ confirmed a triplication within chromosome Xq26.2 by chromosome microarray
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analysis, after detection of a trisomic biallelic pattern of DX1187 marker by QF-PCR. Badenas
et al® detected a case with monosomy 18p by QF-PCR and karyotyping, however the author
did not show markers with monosomic pattern in the report.

It is essential to highlight in our case that the ultrasound examination showed only the in-
creased NT (3.9 mm) at the first trimester screening. The case with 18p monosomy in Badenas’s
report also had an increased NT. Yakut et al'' highlighted an association between increased NT
and monosomy 18p. As mentioned above, the monosomy 18p phenotype was atypical and the
majority of patients with this syndrome were often diagnosed as children or adults. Therefore,
prenatal screening by ultrasound might not detect any abnormal signs, except for solely increased
NT. Although prenatal diagnose by QF-PCR could detect some cases based on the observed
patterns of both the peak number and the peak height/ area, QF-PCR could suggest rather than
diagnose either partial trisomy or partial monosomy due to other possible factors which may
affect QF-PCR results such as PCR efficiency, SNP at primer binding site. Therefore, further
analysis by NGS or microarray to confirm the diagnosis is necessary for those doubted cases.

In conclusion, we report herein a patient with a 9.9 Mb pure deletion at 18p11.32-11.22. Our
case suggested that the combination of both D18S391 and D18S976 markers with uninforma-
tive patterns in a QF-PCR assay for prenatal diagnosis and increased NT in the first trimester
ultrasound may be an indication of monosomy 18p.

PATIENT CONSENT

Written informed consent was obtained from the patient’s parents for the publication of this
case report.
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