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Large genomic rearrangements in NIPBL are
infrequent in Cornelia de Lange Syndrome
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Cornelia de Lange Syndrome (CdLS) is a multiple congenital anomaly syndrome characterized by a
distinctive facial appearance, malformations of the upper limbs, and delay in growth and development.
Mutations in NIPBL are associated with CdLS in 27–56% of cases and have been reported as point
mutations, small insertions and deletions in coding regions, regulatory regions and at splice junctions.
All previous studies used PCR-based exon-scanning methodologies that do not allow detection of large
genomic rearrangements. We studied the relative copy number of NIPBL exons in a series of 50 CdLS
probands, negative for NIPBL mutations, by multiplex ligation-dependent probe amplification (MLPA).
In a single patient, we found a 5.2 kb deletion encompassing exons 41–42 of NIPBL. Our studies indicate
that large NIPBL rearrangements do occur in CdLS but are likely to be infrequent events.
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Introduction
Cornelia de Lange syndrome (CdLS; MIMno. 122470) is a

multiple congenital anomaly syndrome characterized by a

distinctive facial appearance, prenatal and postnatal

growth deficiency, malformations of the upper extremities,

psychomotor delay and behavioural problems.1 In 2004,

two groups reported that NIPBL gene mutations can be

responsible for CdLS.2,3 NIPBL is located on chromosome

5p13, and is the human homologue of the Drosophila

Nipped-B gene, which belongs to the family of chromo-

somal adherins involved in chromatid cohesion processes

and enhancer-promoter communication in Drosophila.4 – 5

The exact function of the human NIPBL gene product,

called delangin, is unknown. Recently an X-linked form

of CdLS was postulated, caused by mutations in SMC1L1.6

The clinical features seemed less expressed, especially

regarding growth, development and limbs, but more

patients are needed to allow for firm conclusions in this.

To date, NIPBL mutations have been identified in

27–56% (mean 42%) of CdLS cases.2 – 3, 7 – 12 The studies

used PCR-based exon-scanning methodologies such as

single-stranded conformation polymorphism (SSCP) ana-

lysis, denaturing high-performance liquid chromatography

(DHPLC) analysis, and direct sequencing of PCR-amplified

coding regions for mutation screening. Such studies can

only identify point mutations or small insertions and

deletions in coding regions or at splice junctions but do

not detect large duplications or deletions.

To determine whether large genomic rearrangements are

frequently responsible for CdLS in the group of patients

that are mutation negative with PCR based exon-scanning
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techniques, we analyzed a series of mutation-negative

CdLS probands for large genomic rearrangements in

NIPBL by multiplex ligation-dependent probe amplifica-

tion (MLPA) analysis,13 which uses a quantitative multi-

plex approach for determining the relative copy number of

gene exons.

Patients and methods
Patients

The patient group consisted of 50 patients (22 boys, 28

girls; age 15-months to 46-years) with CdLS in whom we

could not detect a NIPBL mutation in coding region or

splice site in the NIPBL gene by DHPLC-DNA sequencing,

or direct sequencing using primers in flanking intronic

sequences.7 Among them 17 patients formed part of an

earlier study,7 the other 33 patients are unreported

previously. The study was performed according to a

protocol approved by the local ethics committee. Informed

consent was obtained from the parents of all patients.

MLPA analysis

Probes for MLPA analysis of NIPBL exons 1–47 (SALSA

MLPA Kit P141 and P142) was purchased from MRC

Holland (Amsterdam, The Netherlands). MLPA was per-

formed according to the manufacturer’s instructions. In

brief, 500 ng DNA was denatured and hybridized overnight

at 601C with SALSA probe mix. After treating the samples

with ligase 65 for 15 min at 541C, PCR amplification was

performed with the specific SALSA FAM PCR primers.

Electrophoresis of PCR products was performed using an

ABI PRISM 310. Data analysis was performed by exporting

the peak areas to a Microsoft Excel file. Sample-related and

peak-related differences in PCR and electrophoresis effi-

ciency were corrected by first calculating the peak area

relative to the sum of peak areas per sample and

subsequently expressing each normalized peak area relative

to the mean of that peak across samples. To detect

deviating peaks, each normalized peak was divided by the

mean of that peak in the control samples. Peak heights

outside the range 0.7–1.3 times the control peak height

were considered abnormal, with those below 0.7 represent-

ing deletions and those above 1.3 representing duplica-

tions. Several control samples were included in each MLPA

test. Each result was confirmed by two independent

experiments.

Confirmation and analysis of the large deletion in
NIPBL by PCR

For confirmation of the deletion in NIPBL and to estimate

the size of the deleted fragment and locate its boundaries,

PCR was performed with the following primer combina-

tion: 50-CCAGTCAAGTGTACGCCACTTTGCCCTAA-30 (for-

ward), located in exon 40 and 50-ACAACGGCTCTTCCTGT

GTCTGGTATGGA-GTCTGGTATGGA-30 (reverse), located

in exon 43. Sequence primers used for precise deletion

mapping were: 50-AGTGATACGATGAATTCCT-30, 50-CACT

CACTGCCACCTTGA-30, 50-TGCTATCAGTTTCACACTG-3,

50-AGCAGAGTCTATACCCTTC-30.

Results
Detection of a large deletion in NIPBL

MLPA yielded normal results in 49 probands. An aberrant

exon copy number was detected in one proband. In the

latter patient, after quantification, compared to all other

exons copy number of exons 41 and 42 seems to be halved

(Figure 1a and b) suggesting that exons 41 and 42 of

one allele was deleted. PCR amplification using the exons

40 and 43 specific primers yielded a 2.6-kb fragment, which

confirmed this finding and revealed that the region

deleted was approximately 5.2 kb (Figure 1c). PCR product

yielded a 7.8-kb fragment with DNA from control indivi-

duals (Figure 1c). DNA sequencing of the 2.6-kb fragment

from the patient revealed that the heterozygous dele-

tion consisted of deletion of 1095 bp of intron 40, exon 41,

intron 41, exon 42 and partial deletion of intron 42

(c.6955�1095_c.7263þ3344del5227). No such deletion

was detected in parental samples.

Phenotype of CdLS patient with large NIPBL deletion

The girl is the third child of healthy, second cousin parents

of Pakistani extraction. The pregnancy was complicated

by episodes of preterm labour and her mother received

treatment with dexamethasone on three occasions.

She was born at 36 weeks and 5 days weighing 2.4 kg (9th

centile) and with a head circumference of 31 cm (9th

centile). APGAR scores were 5 and 9 after 1 and 5 min,

respectively, and she required short-term facial oxygen,

was hypoglycaemic, fed poorly and had apnoeas. She had

general hirsutism, was brachycephalic, a synophrys, neatly

arched eyebrows, depressed nasal bridge with anteverted

nares, smooth philtrum with a central raphe, a thin

upper lip and posteriorly rotated ears. Parents did not give

permission to publish a picture of their child. Her hands

were small, with short tapering digits, single palmar creases

bilaterally and left fifth finger clinodactyly, her feet were

also small with unilateral metatarsus adductus. Echo-

cardiography demonstrated tetralogy of Fallot for which

she underwent a successful Blalock–Taussig shunt proce-

dure. At 18 months of age she weighed 7 kg (50.4th

centile). Further shunt surgery was required as her left

anterior descending artery originated from the right

coronary artery and crossed the right ventricular outflow

tract. A renal ultrasound showed a small scarred right

kidney, left pelvic dilation with loss of corticomedullary

differentiation. She had severe feeding problems, reflux

(treated by fundoplication) and was hypertonic. At 21

months of age she was severly developmentally delayed,

sitting with support, reaching, laughing and babbling, with
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normal hearing and vision. She was hypertonic and had

seizures from the age of 3.5 years. A CT scan showed

slight atrophy of the pons and medulla but no other

intracerebral abnormality.

Discussion
Using MLPA analysis, we identified a 5.2 kb deletion in

NIPBL in a girl with an expressed CdLS phenotype (classical

facial features as defined elsewhere;14 expressed postnatal

growth retardation; severely impaired cognitive function-

ing) predominantly found in patients with truncating

mutations.7,12 The 5.2 kb deletion is expected to cause

premature termination of translation of NIPBL leading to a

non-functional or severely debilitated protein; therefore,

disruption of exons 41 and 42 is expected to have serious

consequences on the protein structure. The truncation

would be likely to abolish the recently discovered serine

phosphorylation sites in the C-terminal region that are

important for mitotic spindle formation.15 To define

more precisely the 50and 30 boundaries of the deletion,

PCR amplified fragments were analysed by sequencing.

We found two Alu repeats, one 185-bp upstream to the

break junction, followed by a second Alu repeat located

327-bp downstream to the first Alu element. This

second Alu repeat was also deleted in the patient,

meaning that this deletion did not occur owing to an Alu

mediated rearrangement as described in chromosome

rearrangements.16,17

We found one large deletion in 50 CdLS patients in

whom previous investigations failed to show a mutation.

Until now no large deletions have been identified in

the NIPBL gene by FISH analysis, however, FISH lacks the

resolution of MLPA in detecting smaller deletions. No

other studies using MLPA have been reported. Large

intragenic deletions, such as the one described here,

are likely to be infrequent events, but screening

using MLPA is still useful in CdLS patients negative in

routine mutation screening strategies. Recently a muta-

tion in the 50non-coding region of NIPBL was reported

in one of 21 studied CdLS patients,9 but no mutation in

the NIPBL promoter was found by partial analysis in 11

other patients.11 In addition, SMC1L1 mutations will

explain the occurrence of CdLS in a certain percentage of

patients,6 although no reliable figures are available at

present. It remains well possible that other, as yet

unknown genes, for instance other genes involved in

chromatid cohesion processes, will be found to be

responsible for the group of CdLS patients that remain

mutation-negative at present.
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Figure 1 MLPA results. (a and b). The height of the columns
represents the dosage of the respective segments in the genomic DNA
with two alleles (value of about one corresponds to two alleles). The
two-allele dosage for NIPBL exons 41 and 42 (arrow marked) was
found in the range of 0.5. The control fragments (left 11-columns) in
both panels are near the value of about 1 which corresponds to two
alleles. (c) Long range PCR from exons 40–43 confirmed the deletion
and revealed that the region deleted was 5.2 kb. A PCR product of 2.6-
kb was obtained with DNA from the affected girl and 7.8-kb fragment
with DNA from two controls. Owing to preferential amplification of
the deleted allele, the larger normal allele was not amplified in the
patient. Therefore, the normal 7.8-kb fragment is absent in the patient
lane.
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