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Computer-assisted prenatal aneuploidy screening for
chromosome 13, 18, 21, X and Y based on multiplex
ligation-dependent probe amplification (MLPA)

Tommy Gerdes', Maria Kirchhoff*!, Anne-Marie Lind', Gitte Vestergaard Larsen’,
Marianne Schwartz! and Claes Lundsteen®

'Department of Clinical Genetics, Rigshospitalet, Copenhagen, Denmark

In routine prenatal diagnostics we used a commercial multiplex ligation-dependent probe amplification
(MLPA) kit for aneuploidy screening for chromosomes 13, 18, 21, X and Y. We present the results of 1593
consecutive prenatal samples analysed and diagnosed prior to knowledge of the G-banding analysis during
8-month routine use of computer-assisted MLPA aneuploidy screening. In total, 27 aneuploidies were
detected. There were no false positive results while two false negative results could be explained by a
placental mosaicism and a partial monosomy, respectively. In total, 3.2% of the samples were inconclusive.
We conclude that automatic computer assisted MLPA is a rapid, simple and reliable method for detection

of aneuploidies in prenatal diagnostics.
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Introduction

To reduce the waiting time associated with prenatal
chromosome analysis, a number of methods based on
uncultured chorionic villi or amniocytes have been devel-
oped. The methods aim at screening for the most common
aneuploidies, that is, of chromosomes 13, 18, 21, X and Y.
The result is available within 24-48 h and followed up by
conventional karyotyping on cultured cells. Aneuploidy
screening by interphase FISH using commercially available
probes has successfully been in routine use for the last 5-
10 years, while quantitative fluorescent PCR (QF-PCR)
analysis, based on polymorphic small tandem repeats (STR)
markers from chromosome 13, 18, 21, X and Y more
recently, has been successfully introduced to replace FISH
analysis (reviewed in Hultén et al'). Multiplex ligation-
dependent probe amplification (MLPA) is yet another
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recent technique allowing relative quantification of about
40 different DNA sequences in a single reaction.? A
commercially available MLPA aneuploidy screening Kkit
contains 32 specific probes for the chromosomes 13, 18,
21, X and Y (SALSA POO1 Trisomy test kit, MRC-Holland,
Amsterdam, The Netherlands). We present the results of
1593 consecutive prenatal samples analysed by computer
assisted MLPA analysis. While collecting the data, a test of
the MLPA aneuploidy kit in a routine setting was published
by others.?

Material and methods

Samples

From mid-March to mid-November 2003, 1614 amniotic
and chorionic villus samples (CVS) were referred to the
Cytogenetic Laboratory for karyotyping and MLPA aneu-
ploidy screening. Eight samples were excluded from MLPA
analysis mainly because of too little sample material. In
total, 13 samples were excluded from karyotyping; six
because of too little sample material and seven because of
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cultivation failure. Thus, the remaining 1593 samples (809
amniotic samples and 784 CVS) were both karyotyped and
analysed by MLPA. Inconclusive MLPA results were mailed;
abnormal findings of MLPA and G-banding analysis were
reported by telephone while normal results were mailed in
two turns. It was the aim that the result of the MLPA
analysis should be completed and replied within 2 days
from receipt of the sample.

Sample preparation and analysis

DNA from 3-4ml amniotic fluid or 5 mg chorionic villus
samples was isolated using a QIAamp kit (Qiagen, Hilden,
Germany), according to the manufacturer’s instruction.
DNA vyield was in the range of 0.3-2.0 ug. In total, 20—
100ng DNA was used in the MLPA aneuploidy protocol
according to the manufacturer’s instructions. Reactions
were performed on a GeneAmp PCR System 9700 (Applied
Biosystems, Foster City, CA, USA). A measure of 2 ul PCR
product were analysed by capillary electrophoresis on an
ABI Prism 3100 Genetic Analyzer (Applied Biosystems) and
quantitative data were extracted by ABI Prism GeneScan
Analysis software (Applied Biosystems). G-banding analysis
was carried out by standard techniques.

Computer-assisted MLPA aneuploidy analysis
Following capillary electrophoresis, each probe peak area is
normalised in relation to the neighbouring peak areas of
the test sample. The ratio for each peak area is calculated
relative to a standard reference created from normal
samples. The mean ratio value and SD are calculated for
each of the chromosomes 13, 18, 21, X, and Y, and the
significance for being outside a reference interval around
ratio 1.0 is tested. P<1% suggests aneuploidy and
1% <P < 5% suggests potential aneuploidy. Sample quality
is automatically assessed and a diagnosis is suggested.

Details regarding the software for automatic analysis will
be published elsewhere; further information is also avail-
able by application to the authors.

Results
From mid-March to mid-November 2003, MLPA was
offered as a routine analysis at the Department of Clinical
Genetics. Results were evaluated on the basis of plots of the
ABI capillary electrophoresis and the corresponding data
sheet produced by the automatic software. If an MLPA
analysis had poor technical quality or a result for some
reason was doubted, the MLPA analysis was repeated.

Results of the MLPA analyses were completed and a
diagnosis was provided before knowledge of the G-banded
karyotypes. The results of both techniques are compared in
Table 1.

No incorrect MLPA results were reported. 1542 (96.8%)
of the 1593 replies were conclusive whereas 51 (3.2%) were
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G-banding analysis
Male,+dic/der/t®

45,X(24%)/46,
Total

Table 1
46,XX
46,XY
45X
47,XXX2
Trisomy 13
Trisomy 18
Trisomy 21
69,

69, XXX
Female,inv/t®



Automatic prenatal aneuploidy screening
T Gerdes et al

Table 2 Assignments by automatic MLPA analysis of the 1542 prenatal samples that had conclusive replies
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18, 21, XX
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18, 21, XY —X

G-banding
analysis Total

Poor quality
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Normal 13,
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47,XY,+21 1
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29
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The figure marked by an underscore is assigned by low significance (1.0 <P<5.0), all other abnormal MLPA results are assigned by high significance

P<1.0%.

aSubsequent MLPA analysis of cultivated CVS cells also showed 47,XXX.

PA supplementary amniotic sample to this chorionic villus sample showed ‘45,X (6%)/46,XY’ by G-banding analysis.

“Samples with abnormalities that the MLPA aneuploidy kit cannot detect. The ‘Female,inv/t’ samples are: ‘46,XX,inv(10)(p11.2g21)pat’,
'46,XX,1(2;12)(p25;q13)pat’, ‘46,XX,1(5;14)(q14;q12)pat’, ‘46,XX,t(16;17)(q13;q25)mat’. The ‘Male,+dic/der/t’ samples are: ‘47,XY,+ dic(15p)
de novo’, ‘45,XY,der(13;14)(q10;q10)pat’, two ‘45,XY,der(13;15)(q10;q10)mat’, ‘45,XY,der(14;21)(q10;q10)mat’, ‘46,XY,t(9;16)(q13;q13)mat’".

‘Inconclusive’. The MLPA analysis was repeated in 197
cases (12.4% of 1593).

Table 2 and 3 show the assignments made by fully
automatic MLPA analysis of the 1542 prenatal samples that
had conclusive replies and the 51 prenatal samples that
were replied as ‘Inconclusive’, respectively.

Analysis of the 197 cases that were repeated showed that
146 of the cases were automatically assigned as ‘Poor
quality’.

Discussion

MLPA is an attractive technique for aneuploidy screening
in a diagnostic routine laboratory. Compared to FISH it
allows processing of a large number of samples and in
contrast to QF-PCR a commercially kit is available.
Additionally, the costs are reasonable (approximately 100
EUR per sample, all included). To our knowledge the
present study is the first where computer assisted aneu-
ploidy screening based on the MLPA technique was
used in routine prenatal diagnostics. As seen in Table 1,
27 aneuploidies were detected by MLPA and no false
positive results were reported among 1593 consecutive
samples.

A CVS showing 47,XXX by G-banding analysis was
diagnosed by MLPA as 46,XX. However, subsequent MLPA
analysis of cultivated cells also revealed trisomy X suggest-
ing that the original discrepancy was caused by different

cell lines being analysed by the two techniques. Thus, the
46,XX karyotype probably represented cytotrophoblast
cells while the mesodermal core cells carried the 47,XXX
karyotype. Similar discordance has been described between
direct CVS preparations and villus/foetal cultures.* Only
recently we experienced a CVS showing trisomy 18 in
MLPA analysis but normal karyotype in the G-banding
analysis of the cultured cells and a follow-up amniotic fluid
sample. These examples of cytogenetic inconsistencies
demonstrate the need for attentive line of action when
an abnormal MLPA result from a CVS sample is not
accompanied by abnormal results of ultrasound examina-
tion or serum screening.

A case of 69,XXY was assigned as ‘Contamination by
maternal DNA’ and was concluded to be ‘Inconclusive’, as
the diagnosis ‘69,XXY’ was not added until a later version
of the analysis software. Yet, as the MLPA technique is
unable to discriminate between a sample contaminated by
maternal DNA and a sample carrying a 69,XXY karyotype,
the latter diagnosis would only be of significance if it were
associated with ultrasound examination indicating triploi-
dy. Besides, interphase FISH analysis is indicated in cases
where triploidy is suspected.

MLPA analysis was performed twice in a case showing
46,XX,del(18)(q21 —»qter) by G-banding. ‘Monosomy 18’
at low significance was diagnosed both times. Three of the
eight probes for chromosome 18 turned out to be located
outside the deletion and had ratios in the normal range
affecting the mean ratio of the chromosome. Subsequently,
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not expected to detect mosaics (eg 45,X(24%)/46,XY) or
partial deletions (46,XX,del(18)(q21—qter)) with high
significance. The vast majority of the ‘Poor quality’ cases
in Table 2 and 3 were performed during the first 6 months
of the 8-months period, indicating that quality is improved
along with experience.

As the main indication for prenatal diagnostics is
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inexperience in both performing the practical part of the
method and evaluating the results.
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