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To the Editor:

Developmental delay (DD) affects ~3% of the general population and the
underlying cause remains unknown in about half of the cases. G-banded
karyotyping is the most common approach for the detection of genomic
alterations, however, despite its indisputable success, this tool has limited
resolution, usually being unable to detect genomic changes ~3-5 Mb. It is known
that micro alterations that escape detection by classical cytogenetics contribute
substantially to the etiology of DD [Flint et al., 1995; Vissers et al., 2003]. This
limitation has been partly overcome by fluorescence in situ hybridization (FISH)
with a resolution of 5-500 kb, however, it has a limited possibility for
multiplexing, for example, in most of the routine practice only 2-3 regions can be
analyzed simultaneously. Therefore, candidate probes (especially for
microdeletion syndromes) need to be selected a priori for FISH investigation,
based on the patient’s phenotype.

Recent technological developments, such as array-based comparative genomic
hybridization (array-CGH) [Pinkel et al., 1998; Antonarakis, 2001; Snijders et al.,
2001] and Multiplex Ligation-dependent Probe Amplification (MLPA) [Schouten et
al., 2002], are efficient methods for screening for copy number imbalances in
multiple genomic regions simultaneously. MLPA especially has already found its
way into the diagnostic laboratories for several indications (e.g., BRCAI gene and
NFl gene screening); however, the standard of practice for the assessment of
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developmental delay does not currently include MLPA and array-CGH testing. In
this article, it is argued that both techniques are extremely valuable tools for the
diagnostic setting in DD patients, and the implementation of both techniques
should be considered.

Data regarding the robustness of both techniques have been provided previously
[Price et al., 2005; Rooms et al., 2005]. In the case of array- CGH, thousands of
sites can be simultaneously investigated in one patient, allowing partial or total
coverage of the genome. The number of targets that can be screened by MLPA is
limited to <60 loci per assay, however, 96 samples can be simultaneously tested
at a cost less than one array-CGH hybridization. As MLPA analysis requires
relatively little hands-on time (Table [), it is more suitable for the initial
screening of large patient numbers.

To assess their value in clinical diagnosis, we have independently tested 58
developmentally delayed (DD) patients using both array-CGH and MLPA. This
study was reviewed and approved by the Institutional Review Board of the Leiden
University Medical Center, conforming to Dutch law and the World Medical
Association Declaration of Helsinki. The patients had, in addition to DD, either
dysmorphic features or congenital malformations or both (DD ‘‘plus’’ patients).
All patients had a normal karyotype and, where tested (the vast majority of the
patients), had tested negative for Fragile X syndrome. The array-CGH results
were partly reported elsewhere [Rosenberg et al., 2006] without the comparative
analysis with MLPA.

The array used in the study contained ~3,500 large genomic insert clones spaced
at -1Mb intervals over the genome, meaning that the resolution of the arrays
used is 0.3-3 Mb. Array-CGH testing was performed as described by [Knijnenburg
et al., 2005]. The clones were provided by the Wellcome Trust Sanger Institute
(UK), and information regarding the full set is available at the Ensemble web
site.

The MLPA probe design and assay was performed as described previously [White
et al., 2004]. It included a set of synthetic probes designed for 71 regions known
to be frequently altered in DD patients (probe sequences are available on
request). This set targets 42 chromosome ends (except for the p-arms of the
acrocentric chromosomes), five pericentromeric regions on the g-arm of
acrocentric chromosomes (the regions tested included the first gene-specific
unique sequence near the centromere on the g-arm) and 24 probes (Table Il)
containing microdeletion syndrome-related sequences. The size of the probes
used was between 75 and 125 bp, and the number of sites investigated by MLPA
corresponds to ~2% (71/3,500) of all regions tested by array-CGH.

Seventeen alterations were detected by array-CGH analysis, of which 14 were
verified using either FISH or MLPA (14/58=24%). (The MLPA probes were
specifically designed for confirming these alterations. They were not part of the
screening set.) As far as was tested the remaining three changes could not be
confirmed using FISH or MLPA.
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MLPA analysis identified eight alterations, all of which were confirmed by FISH,
MAPH or sequencing (8/58=14%). Table Ill provides an overview of the alterations
found. The eight alterations found solely by array-CGH were all located in
regions not covered by MLPA probes. In contrast, the two alterations detected by
MLPA only were too small to be detected by array-CGH analysis. One of these
alterations was a point mutation near the ligation site of the MLPA probe, which
disturbed the ligation and appeared as a deletion. The point mutation (that was
never reported before) has been proven by bi-directional sequencing. It is a
silent mutation, and it was also present in one of the parents. Therefore, it was
considered to be a single nucleotide polymorphism (SNP). Although all MLPA
probes have been designed outside the sequences containing known SNPs,
theoretically, a low frequency SNP could be present at or near the ligation site.
Therefore, it is necessary to confirm copy number variations by a second MLPA
probe covering an adjacent sequence or by sequencing.

Of the eight alterations detected by MLPA, we considered six to be probably
causative as the phenotype of the patients agreed with the clinical features
described in literature for those chromosome alterations. All these
rearrangements were also detected by array-CGH. In two of these six cases,
however, we could not confirm that the rearrangement was de novo. Two of the
eight alterations detected by MLPA are likely to be polymorphic variants, as they
are also present in unaffected family members.

TABLE |. A Comparison of the Man-Hours and Material Required for Both Karyotyping and MLPA
Analysis

Karyotyping MLPA
Number of samples performed per week 12 5x96 wells plate
Total time before result per sample 32-40 hr 8 hr?
Materials needed Cell culture, reagents  DNA reagents, probe set

This table shows that MLPA is suitable for the screening of copy number variations in a large number of patients
within relatively short time. Compared to karyotyping, this technique is much faster and requires less hands-on
time. As it is also possible to analyze a part of a fragment run or use a DNA sequencer with less throughput capacity,
it is not necessary to wait for 96 patient samples requiring MLPA testing.

?Recently, it was shown that MLPA analysis can be performed within 8 hr (Kalf et al. in preparation).

Nine of the fourteen confirmed rearrangements detected by array-CGH are
probably pathogenic, four alterations might be polymorphic variants as they are
present in unaffected family members. The clinical consequences of the
remaining alteration are currently unknown, because the patients’ parents were
unavailable for testing. This latest FISH confirmed array-CGH finding which was
not detected by MLPA, was located near the chromosome end of the long arm of
chromosome 10. The corresponding ‘‘subtelomeric’’ MLPA probe in our study
mapped proximal to the altered BAC.
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TABLE Il. Overview of the Microdeletion Syndrome

Related Probes Used by MLPA Screening

Disorder Chromosome  Gene
band

Alagille syndrome 20p12.2 JAG1

Angelman syndrome 15q12 UBE3A

Cat eye syndrome 22q11.1 CECR2

DiGeorge syndrome 22q11.2 DGCR2

DiGeorge syndrome 22q11.2 HIRA

DiGeorge syndrome 22q11.2 TBX1

DiGeorge syndrome 22q11.2 UFD1L

DiGeorge syndrome 10p14 CUGBP2

like region

Extostosis 8q24 EXT1

Jacobsen syndrome 11925 HNT

Miller-Dieker 17p13.3 LIS 1

syndrome

Mowat-Wilson 2q22 SIP1

syndrome

Prader-Willi syndrome  15q12 SNRPN

RETT syndrome Xq28 MECP2

Rubinstein-Taybi 16p13,3 CBP

syndrome

Smith-Magenis 17p11.2 RAI1

syndrome

Smith-Magenis 17p11.2 COPS3

syndrome

Smith-Magenis 17p11.2 DRG2

syndrome

Sotos syndrome 5q35 NSD1

Trichorhinophalangeal 8q23.3 TRPS1

syndrome

William-Beuren 7q11.23 ELN

syndrome

William-Beuren 7q11.23 FKBP6

syndrome

Wolf-Hirschhorn 4p16.2 MSX1

syndrome

X-linked Xq28 L1CAM

hydrocephalus

Based on the data on the human
genome variation database, the
region involved might be
polymorphic.  Moreover, the
clinical features of the patient
do not resemble those
corresponding with previously
described 10q chromosome end
alterations [Waggoner et al.,
1999]. The sizes of the reported
alterations, however, are larger
than the one obtained in this
study.

The comparison between the
screening results for detecting
copy number variations using the
different approaches shows the
reliability and specific strengths
of both techniques. In summary,
using 2% of the loci tested by
array-CGH, MLPA detected 50%
(8/16) of all alterations. Three
potentially pathogenic
alterations were not detected
using MLPA, as they were
localized outside the regions
tested.

Based on the outcome of this
parallel screening and costs
considerations, we suggest the
following strategy for diagnostic
purposes: when a patient
presents with DD of unclear

etiology and the G-banding karyotype is normal, the first screening will use MLPA
for the commonly altered regions in DD patients (currently, chromosome ends
and microdeletion syndrome-related regions). Subsequently, when MLPA is
negative and the patient’s phenotype is suggestive of a chromosome abnormality,

array-CGH follows.

Alternatively, the order of testing could be reversed. MLPA using subtelomeric
probes is capable of detecting trisomies as well as the vast majority of the
unbalanced translocations, both of which comprise a substantial part of the
alterations diagnosed using cytogenetic tools. Table | shows that MLPA requires
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less manpower (hence is cheaper) and is considerably faster compared to
karyotyping, and thus, it seems more effective to use MLPA as an initial screening
tool. In addition to the time- and cost-effectiveness, MLPA has a much higher
resolution for detecting copy number variations compared to karyotyping, and
therefore, this technique is capable of detecting copy number variations that
remain undiagnosed using this cytogenetic tool. Applying MLPA testing first will
even be more effective when a MLPA probe set encompassing the most frequent
microdeletion related regions is added. In a diagnostic setting, it is preferable to
have at least two MLPA probes per regions of interest (instead of one as was used
in this study) to limit false positive and false negative results as much as
possible. Implementing microdeletion syndromerelated regions and two probes
per region will increase the costs related to MLPA screening, however, this will
also reduce the necessity of performing FISH for the detection of microdeletion
syndromes, and the need for additional confirmation tests (with the exception of
sequencing, see above).

It is obvious that balanced translocations and inversions will not be detected
using this or other molecular techniques (unless they are specifically designed to
detect breakpoints). Also, for a proportion of the samples with a positive
outcome using the initial MLPA screening, subsequent karyotyping is essential for
localization of these structural rearrangements. These include, for example,
aneusomies for which Robertsonian translocations have to be excluded. Based on
these arguments, karyotyping will maintain its essential role in a diagnostic
process, however it will only be implemented for selected samples.

TABLE Ill. Copy Number Variations Detected by Two Techniques Independently

Only by a-CGH Only by MLPA By a-CGH and MLPA Total
Altered 11 2 6 19
Confirmed 8 2° 6 16
De Present De Present De Present
in Unknown in Unknown in Unknown
novo novo novo
parents parents parents
Deletion 2 3 1° 0 19 0 2¢ 0 19¢ 10
Duplication 1 1 0 0 14 0 1¢ 0 0 4
del./dup. 0 0 0 0 0 0 0 1de
uT 0 0 0 0 0 1¢ 0 0 1
Confirmed | 5 4 1 0 2 0 4 0 2 16
total

An overview of the results obtained by screening of 58 DD patients using array-CGH and MLPA. All rearrangements
were not detected by routine karyotyping.

UT, unbalanced translocation.

*These regions were not covered by MLPA analysis.

PThese alterations were too small to be detected by array-CGH.

“Alterations localized at the chromosome ends.

dAlterations present in regions related to micro-deletion syndromes.

¢(One of) the patient’s parents were (was) unavailable for testing. The phenotype of the patient, however,
resembles that described in literature. Therefore, this alteration is thought to be pathogenic.
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After MLPA testing, additional array-CGH can be performed for patients with a
clinical phenotype suggestive for chromosomal alterations. Although this will
increase the cost, it will also increase the number of copy number variations
detected.

Array-based techniques are evolving rapidly. Several reports have described the
results of testing developmentally delayed patients tested using a 3,000-clone
array [Vissers et al., 2003; Tyson et al., 2005; Menten et al., 2006; Rosenberg et
al., 2006; Shaw-Smith et al., 2006]. In addition, de Vries et al. used an array with
32,000 clones for the detection of copy number variations. Recently, SNPbased
arrays have successfully been used to detect genome-wide copy number
variations [Friedman et al., 2006]. These type of arrays have an even higher
resolution than the array used in de Vries et al. Future comparative studies will
help to determine which array platform is the most appropriate to implement.

DD patients

Aneusomies”
Unbalanced transl.

Microdeletions
Chr. end abn.

DD ‘plus’ patient

+ + +

= el . DONE
(check parents)

: array-based tool

+

Masaaaar

DONE

(check parents)

FIG. 1. This flow chart summarizes the alternative diagnostic approach for screening developmentally delayed
patient samples. In this approach, karyotyping will only be requested for a selected group of samples: (1) Samples
that had tested negative for MLPA (and array-based tool in the case of DD ‘‘plus’’ patients). (2) Samples for which
information about the location of the structural rearrangement is essential for clinical practice. These include
aneusomies for which a Robertsonian translocation should be excluded (acrocentric chromosomes (#)), unbalanced
translocations and some of the alterations detected by array-CGH. Chr. end abn.: chromosome end abnormality, DD
““plus’’ patients are patients with dysmorphic features and/or congenital malformations in addition to DD. These
patients are suggestive for chromosomal imbalances.
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In short, the alternative diagnostic approach would include MLPA for DD samples,
with subsequent array-based testing (for DD ‘‘plus’’ patients that had tested
negative for MLPA). Karyotyping could then be used to locate structural
rearrangements for selected cases and for samples that showed no alteration
using MLPA (and array-CGH) (Fig. 1). In this way, the screening of DD samples will
be more effective in relation to the probability of finding a disease-causing
rearrangement, which will improve the basis for counseling.
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