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ABSTRACT

Objective/Material and Method: Cryptic chromosomal imbal-
ances contribute significantly to the etiology of multiple con-
genital anomalies with or without mental retardation (MCA/MR).
Current approaches in prenatal diagnosis include targeted high
resolution analyses by MLPA and some microarray platforms or a
genomewide screening at maximal resolution using oligonucle-
otide or SNP arrays. The major disadvantages of the latter ap-
proach are cost and the inadvertent detection of copy number
variation of unknown clinical significance.

In this prospective work, fetal DNA samples from 66 fetuses who
had pathological antenatal ultrasonography findings with normal
karyotype and Multiprobe T-FISH results were tested using com-
mercially available targeted MLPA probe-sets to compare the
efficacy and the impact of MLPA testing at prenatal setting.

Results: Three submicroscopic deletions (3.66; 4.5%) were detect-
ed in the cohort. Two of them were de novo deletions, 18ptel and
7911.23. The third finding was a 75 kb duplication at 18q, which
was maternally inherited and probably a benign copy number
variation unrelated to the pathological ultarsonography findings.

Conclusion: The observed detection rate by MLPA testing can
be considered within the expected range. Furthermore, benign
copy number variation was identified with the targeted diagnos-
tic approach as an unexpected finding. This study shows that
MLPA is a practical and cost-effective technique to investigate
submicroscobic chromosomal aberrations in fetuses.
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OZET

Amac/Gereg¢/Yéntem: Multiple konjenital anomaliler ve biligsel
yetersizliklerin (MKA/MR) etiyolojisinde kriptik kromozom du-
zensizlikler dnemli yer tutmaktadir. Yeni teknolojilerin gelismesi,
MLPA veya genom boyu SNP ve oligonukleotidlerle tarama ya-
pabilen mikrodizin ya da yeni nesil dizileme teknolojileri ylksek
dlzeyde ¢ozinUrlikle bu anomalilerin prenatal dénemde sapta-
nabilmesine olanak saglamistir. Yiksek ¢ozintrlikli calismalarin
en blylk dezavantaji maliyet ile beklenmeyen ve/veya klinik 6ne-
mi bilinmeyen kopya sayisi varyantlarinin saptanmasidir.

Bu prospektif calismada patolojik ultrason bulgusu saptanan ve
normal karyotipe sahip ¢oklu telomerik FISH ile normal sonug
alinmig 66 fetusa ait DNA ornekleri ticari olarak satilan MLPA
prob setleri ile degerlendirilerek MLPA nin tani akis semasindaki
etkinligi arastinldr.

Bulgular: Calismada toplam g olguda (3:66; 4,5%) delesyon be-
lirlendi. Iki olguda submikroskobik de novo delesyon saptandi ve
bunlardan biri 18ptel ve digeri 7q11.23 delesyonu idi. Bir diger
olguda klinik bulgularla iliskisiz, yiksek olasilikla zararsiz 75 kb
biyukliginde anneden kalitilan 18q duplikasyonu belirlendi.

Sonug: Patojenik mutasyon saptama orani beklenti ile uyumlu idi.
Ek olarak, hedefe yonelik tanida sira disi kabul edilen bir durum
olarak bir olguda maternal kalitimli ylksek olasilikla zararsiz bir kop-
ya sayisi degisikligi saptandi. Bu ¢alisma prenatal uygulamalarda
submikroskobik kromozomal anomalilerin arastinlmasinda MLPA
tekniginin uygun maliyetli ve kullanilabilir oldugunu géstermistir.

Anahtar Kelimeler: MLPA, subtelomerik degisimler, dogum 6n-
cesi tani mikrodelesyon/mikroduplikasyon
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INTRODUCTION

Chromosomal imbalances are important in the etiology
of congenital malformations of the newborn period (1, 2).
When major malformations are detected by fetal ultraso-
nography (USG), the rate of chromosomal aberrations can
be as high as 29% depending on the week of pregnan-
cy, tissue type or technique applied (3-7). Conventional
karyotyping allows the genome-wide detection of chro-
mosome anomalies at a rather low resolution (>8-10 Mb)
depending on the banding level. In the presence of dis-
tinct phenotypes in postnatal cases, the fluorescence in
situ hybridisation (FISH) technique using syndrome spe-
cific probes may be applied to diagnose known deletion/
duplications smaller than 6Mb. Unbalanced rearrange-
ments in gene-rich subtelomeric regions, have been
identified as a significant etiological contributor to MCA/
MR (8-12). Due to the nonspecific banding pattern, even
larger unbalanced cryptic subtelomeric rearrangements
can be easily missed by conventional karyotyping, espe-
cially when the banding level is lower than 500 bands per
haploid set. MLPA and array-CGH techniques/microarray
developed during the last decade have been very effec-
tive at overcoming those limitations (12-17). The rate of
clinically relevant copy number changes in prenatal cases
with MCA after a normal result in conventional karyotyp-
ing was reported to be 4% by FISH [12] and 5%-10 % by
a-CGH technique (12, 15). While microarrays became the
first-tier test in postnatal cytogenetic diagnosis (15, 16),
their application in the prenatal setting are still met with
reservations, mainly due to the concomitant diagnosis
of variants of unknown significance (VOUS) - especially
in high resolution arrays. MLPA with probe sets covering
known disease associated critical regions may offer an
acceptable practical compromise, trading off cost-effec-
tiveness, sensitivity and the risk of encountering VOUS
(14,16, 17, 18-26).

Sixty-six DNA samples from fetuses with pathological
USG findings and normal karyotype and subtelomeric
FISH results were tested using MLPA probe sets SALSA
P070 and P245 to identify the efficacy and the impact of
MLPA testing at prenatal setting.

MATERIAL AND METHODS

Sixty-six archived DNA samples consecutively collected
between November 2007 and April 2010 met the inclusion
criteria of pathological USG findings (at least one major
anomaly diagnosed by an experinced perinatologist), as
well as a normal karyotype (500 bands at minimum) and
normal Multiprobe T-FISH (Cytocell) analysis. Five cases
with congenital heart defects along with normal TUPLE1
(Cytocell) test results and one case with lissencephaly
and normal LIST, FLI1 (Cytocell) test results were includ-
ed in the study. The DNA had been extracted from fresh
materials and/or cell cultures and kept frozen at -200C

using the QlAamp DNA Blood Mini Kit (Qiagen, CA,
USA) in 58 samples (25 fetal blood, 23 amniotic fluid and
10 chorionic villi samples) and by an automatic nucleic
acid purification system (Magna Pure Compact — Roche)
in 8 samples (fetal blood). All cases were tested with both
SALSA P070 specific for subtelomeres and SALSA P245
specific for known microdeletion syndromes. Coffalyser
v9.4 software was used for data analysis. Anomalies de-
tected by MLPA were confirmed by FISH using commer-
cially available probes (Cytocell and Vysis) or array-CGH
(Affymetrix or Nimblegene platforms).

All the clinical examinations on the fetuses and newborns
and the genetic testing were performed at the Depart-
ment of Medical Genetics, Istanbul Medical Faculty of
Istanbul University. Fetal USG and invasive procedures
were performed at the Perinatology Division of the Ob-
stetrics and Gynecology Department of the same faculty.
Families were informed about the study and written in-
formed consent was obtained.

RESULTS

The mean maternal age was 28.22 years (range 19-43)
and the mean gestational age was 23. 8 weeks (range 16-
35). Fetal sex distribution was 1:1 (33 males/33 females).

In addition to the abnormal USG findings 11 mothers out
of 66 were 35 years or older, in five pregnancies maternal
serum screening showed an increased risk and two moth-
ers had a history of recurrent fetal losses.

The MLPA study revealed chromosomal imbalances in
three cases (3:66; 4.5%). Two anomalies were de novo
and detected with SALSA MLPA P070 probe mix and one
familial anomaly with SALSA MLPA P245 probe mix.

Case-1 (MLPA#10)

The mother aged 35 was referred due to antenatal ultra-
sonographic finding of IUGR and diaphragmatic hernia,
and an increased risk for trisomy 18 in the first trimes-
ter screening test (>1:50). Conventional karyotyping and
subtelomeric FISH following amniocentesis at 17 weeks
gestation revealed normal results.

The MLPA SALSA P070 probe mix showed a gain at
18923 (Figure 1a). Although FISH analysis using 18q sub-
telomeric probe (Cytocell) showed normal signals on
both chromosomes 18 (Figure 1b), the microarray (Affy-
metrix, Cyto 2.7) analysis confirmed the ~75 kb gain on
the region (46,XY.ish subtel(41x2).mlpa (P070)x2, 189 sub-
tel (P245)x3). arr18g23(75,516,228-75,590,562*)x3 mat). A
parental array-CGH study using NimbleGen CGX-3 re-
vealed that the phenotypically normal mother was also a
carrier for the duplication (Figure 1 c,d) and the change
was considered as “clinically not relevant” (46,XX. arr18q
23(75,516,228-75,590,562x3). The child was delivered at
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Figure 1: a) MLPA SALSA P070 probemix result ratio mapview bar graphic; for case MLPA#10,
b) FISH signals with subtelomeric probe for 18q (Cytocell), ¢) Overlapping gained part and
CTDP1 gene on Array-CGH result of the case#10, d) Array-CGH result of the mother with the

same gain at the same localization.

the 34" week of gestation and died 4 days later, following
surgery for the diaphragmatic hernia.

Case- 2 (MLPA#15)

The mother was referred due to the ultrasonographic
finding of holoprosencephaly, single-nostril, thalamic
fusion, hypotelorism, absence of nasal bone, and bilat-
eral echogenic kidneys. At the 24" week of gestation,
a fetal blood sample was obtained by fetal cord blood
sampling. Routine karyotyping and subtelomeric FISH
analysis revealed normal results. The pregnancy was ter-
minated due to the possible severe, lethal outcome of
antenatal USG findings.

MLPA SALSA P070 probe mix showed a deletion at subtel
18p (Figure 2a). 46,XX. ish subtel(41x2).18p subtel(PO70)
x1, (P245)x2. ish.del(18)(p11.3-)(D185552-) FISH with a
subtelomeric 18p probe (Telvision-Vysis) confirmed the
deletion (Figure 2b), which was missed by the Multiprobe
T System.

Parental cytogenetic and FISH studies revealed normal
results.

Case-3 (MLPA#20)

The mother was referred at the 18" week of gestation,
due to the USG findings of IUGR, short femurs, decreased
dimensions of stomach and single umbilical artery. A fetal
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Figure 2: a) MLPA SALSA PO70 probemix result ratio
mapview bar graphic of case MLPA#15, b) FISH signals with
subtelomeric probe for 18q (Cytocell)

blood sample was obtained by cordocentesis and rou-
tine karyotyping and subtelomeric FISH analysis revealed
normal results.

A female baby was born by cesarean section due to the
intrauterine fetal distress at 35 weeks of gestation. The
birth weight was 1430 gr, dysmorphic features includ-
ed periorbital oedema, long philtrum, thin upper lip,
everted lover lip, micrognathia, pointed chin, posteriorly
rotated ears and cutis marmorata. Cardiac echography
revealed a small ventricular septal defect at the age of
6 months and peripheral pulmonary stenosis at the age
of 14 months.

MLPA test SALSA P245 probe mix revealed a deletion on
Williams Syndrome (WS) region for exon1 and exon 20
of the ELN gene and LIMK gene locus (Figure 3a) (46,XX.
ish subtel(@1x2). mlpa (P070)x2, 7g11.23 (P245)x1. ish.
del7(g11.23-)(ELN-)). This deletion was confirmed by ELN
locus specific FISH probe (Cytocell) (3b).

Parental cytogenetic and FISH studies revealed normal
results.

p245_MLPA20.csv

__'Vlll’.v - ——

Williams S (ELN)

Cen?(D721)
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Figure 3: a) MLPA SALSA P245 probemix result ratio
mapview bar graphic of case MLPA#20, b) FISH signals with
subtelomeric probe of 18q (Cytocell)

DISCUSSION

Although the investigations carried out on children with
MCA/MR underlined the importance of the subtelomer-
ic imbalances, it is well known that the resolution of the
classical karyotyping is not sufficient to detect the chro-
mosomal imbalances of these regions. The diagnosis of
the microdeletion/duplication syndromes can be ascer-
tained in postnatal cases in the presence of distinct phe-
notypes for well-known syndromes. At the beginning of
the 2000's, there were some reports using FISH analysis
to diagnose the subtelomeric imbalances in fetuses with
pathological USG findings. However, it was noted that
the technique was relatively expensive and time consum-
ing (12, 16, 22, 24). Later, MLPA was accepted as an alter-
native technique to identify known microdeletion/dupli-
cations and subtelomeric imbalances (14, 15, 22-24, 26).

Microarray/a-CGH techniques are able to screen the
whole genome, which leads to higher detection rates, 1
to 8%, depending on the patient selection criteria and
sensitivity of the test applied. These techniques are rec-
ommended, especially in the presence of pathological
fetal USG findings (14, 15, 22, 25, 27).
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The purpose of the study was to asses the efficacy and
the impact of MLPA technique for the antenatal diagno-
sis in our patient cohort. In 66 fetuses with at least one
major malformation with normal karyotype and subtelo-
meric FISH results, three chromosomal imbalances (4.5%)
have been identified by MLPA. The rate of clinically rel-
evant imbalances was 3.03% (2/66) and one imbalance
was maternally inherited CNV (1.51% - 1/66). The report-
ed rate of imbalances for MLPA in the literature varies
between 0-6.5% depending on the selection criteria (16,
23, 24, 26). When specific tests are performed and the
resolution of the karyotypes is high, it could be expected
that the detected anomaly rate by MLPA or array stud-
ies, will be decreased (24-26). In the study from Konialis
(28), MLPA was applied parallel to the karyotyping and
microarray technique in all prenatal cases without any
indication bias. The rate of clinically relevant imbalanc-
es was 1.2% (3/249) in cases with pathological USG find-
ings and this rate was about 0.4% in cases with normal
USG. However, in the study from Goumy (24), the rate of
unbalanced rearrangements was 6.5% (4/61) in a series
of cases with specific USG findings. The rate was 4.1%
(33/139) in fetuses presented with major malformations
and 1.6% (23/104) in fetuses with having minor, including
soft markers, USG anomalies in the series of Kjaergaard
(13). Our result, 3.03% in cases with major malformation is
in accordance with the previously published series.

Disadvantages of the FISH analysis are the need of cell
culture and high quality metaphases, which are laborious
and lead to high costs. The disadvantage of the MLPA
technique is that it does not cover the whole genome
and multiple samples are needed to decrease the cost.
Although microarray and a-CGH studies are more com-
prehensive and informative, the need for special equip-
ment and consumables leads to high costs. Furthermore
using experienced bioinformaticians is a must to carry
out the analysis. Well known microdeletion at 7q11.23
causing WS was identified in one case. The pathological
USG findings were IUGR, short femurs, decreased volume
of stomach, and single umbilical artery, which were not
specific for WS, and consequently FISH testing specific
for WS was not performed at antenatal period. The case
was retrospectively studied by MLPA using SALSA P245
probe mix, a deletion covering exon1 and 20 of ELN gene
responsible for WS and LIMK gene was detected. The
karyotype from the antenatal period was reanalyzed after
the detection of the deletion by MLPA and no change
leading to a suspicion of a deletion was observed. Clini-
cal findings from the newborns were in accordance with
WS. There are only four antenatally diagnosed WS cases
in the literature, and three of them had the characteris-
tic ultrasonographic findings of WS leading to specific
testing for definite diagnosis. One case presented with
VSD, and the diagnosis was established by MLPA with
P064 probe mix (26), a second case reported to have su-

pravalvular aortic stenosis (SVAS), leading to testing by
FISH analysis WS specific probe (29) and the third case
presented with SVAS, IUGR, interhemispheric cyst, and
nasal bone hypoplasia and the deletion on 7g11.23 was
identified using array-CGH (30). The fourth case reported
by Lee (31), had normal USG findings and was identified
using BAC array-CGH technique in the research study of
3171 consecutive prenatal samples. Our case is the sec-
ond case diagnosed antenatally without any characteris-
tic USG findings of WS. When specific fetal USG findings
like SVAS, VSD are present, the FISH technique can be
the first choice in the PD, otherwise MLPA or a-CGH tech-
niques are the most powerful techniques to identify the
microdeletion/duplication syndromes.

In another case, MLPA using a SALSA P070 probe mix
showed a deletion on 18p, which was subsequently con-
firmed by subtelomeric 18p FISH prob (Telvision-Vysis).
When the karyotype was reevaluated, it was considered
that this microdeletion could have easily been missed
by routine analysis. A false negative result in Multiprobe
FISH analysis could be explained by the low-quality
metaphases and false positive signals. Johnson and
Bachman (32) published the first case of 18p deletion
with holoprosencephaly. Gripp (33) identified the fourth
gene, TGIF gene, responsible for the holoprosencephaly
phenotype located on 18p at a distance of 3.5 Mb from
the telomere. The distance between the TGIF gene and
the THOC gene is about 3.2 Mb and SALSA P070 MLPA
probe mix and subtelomeric FISH probe (Telvision-Vysis)
both target the THOC gene. Therefore, it could be sug-
gested that the deletion in our case was also covering the
TGIF gene locus. There are many reports with microscop-
ic monosomy 18p in the literature, but to our knowledge,
this is the first submicroscopic deletion on 18p detected
at antenatal period.

The size of the duplication on 18qg telomere detected
by MLPA was determined as ~75 kb by array technique.
Since a phenotypically normal mother was also a carrier
of the same duplication, it was interpreted as a previously
unreported copy number variation (34). There were only
four postnatal cases with duplication at 18923 reported
as unspecified pathogenicity in DECIPHER v5.1 (35). The
gains of those cases covered the whole g arm of 18 in
one, and it was a 37 Mb duplication in another. However,
the duplicated region in our case was very small and only
the C-terminal Domain of RNA Polymerase Il subunitA,
phosphatase of subunit! (CTDP1) gene was located in
this region. Homozygous loss of function mutation of the
CTDP1 gene is associated with Congenital Cataracts, Fa-
cial Dysmorphism, and Neuropathy syndrome (CCFDN)
in the literature (36). There is only one report presenting
the gain as a polymorphic variation (37). Our findings in
the family further support that the duplication of CTDP1
gene has no phenotypic effect.
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Although 22g11.2 microdeletion (DiGeorge Syndrome
region) is the most common submicroscopic anomaly de-
tected by MLPA in the literature, it was not encountered
in our cohort. All cases with cardiac malformations had
been screened for 22q11.2 deletion by FISH analysis at
the antenatal period and screened positive ones, 22q11
microdeletion cases, were not included for MLPA testing.
This is the reason why this common microdeletion was
not detected in our cohort.

Our study shows that MLPA is an efficient, safe, rapid and
sensitive technique for the detection of submicroscopic
imbalances for targeted regions of the genome. It is cost
effective in comparison to FISH, since a single MLPA test
can provide data for many loci concurrently for multiple
samples. However, the confirmation of MLPA findings (e.g.
single probe imbalances) may require FISH testing, STR
analysis, gPCR or array CGH. Although, MLPA provides
lower resolution than array, due to the organization of the
probes, it is targeted and therefore the genotype-phe-
notype correlation is more predictable. The identification
of de novo CNV’s with uncertain significance (about 4%)
leads to further testing increasing the costs, and uncer-
tain results might also cause parental anxiety. Therefore,
the testing strategy should be planned according to the
relevant indication and suspected chromosomal abnor-
malities. If telomeric and syndrome specific analysis is
sought after, MLPA can be the first-tier and the most suit-
able technique also at the antenatal period.
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