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MUSIO

Interestingly, protein abundance differences were also detected
between patients affected by different SMCIA mutations as well
as between patients with SMC1A and SMC3 mutations. Among the
visualized variations, several protein spots were identified applying
MALDI-TOF MS and ESI-Ion trap MS/MS.

In conclusion, our data could provide a precious tool in under-
standing biomolecular bases of CALS pathogenesis.

This work is partially funded by grants from Consiglio Nazionale
delle Ricerche (CNR), Fondazione Cassa di Risparmio delle
Province Lombarde (CARIPLO), Istituto Superiore di Sanita, to
AM.
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More than half ofall cases of Cornelia de Lange syndrome (CdLS),
a multi-organ system birth defects syndrome, are caused by het-
erozygous mutations in Nipped-B-like (NIPBL). The orthologue of
Drosophila Nipped-B and yeast Scc2, NIPBL encodes a cohesin-
regulatory protein implicated in sister chromatid cohesion, DNA
repair and, recently, transcriptional regulation. As a step toward
determining how partial loss of NIPBL function gives rise to
pervasive birth defects, and in order to develop a model system
in which to elucidate mechanisms of NIPBL action, we developed a
mouse model for CdLS, using mice heterozygous for a gene-trap
mutation (Nipbl’®®) that is predicted to produce a transcript
that terminates before the first coding exon. Over 1,000 progeny
of the original chimeras and their offspring, spanning five gener-
ations of out-crossing onto an outbred background, have now been
studied. Among the phenotypes commonly observed are marked
pre- and postnatal growth retardation, lean body habitus, cardiac
septal defects, delayed ossification, craniofacial dysmorphia
(microbrachycephaly, upturned nose), corneal scarring, hearing
loss, mild midline cerebellar hypoplasia, seizures, and a variety of
abnormal behaviors. Nearly 80% of Nipbl®* " mice die prior to
weaning. Overall, the phenotypic overlap with CdLS is high, but not
total (e.g., limb truncations are not observed in the mice). Analysis
of Nipbl’*** cells revealed no evidence for elevated precocious
sister chromatid separation, implying that the degree of Nipbllossis
insufficient to compromise cohesion. Interestingly, in all Nipbl>***
cellsand tissues examined, Nipbltranscriptlevels were reduced only
25-35%, suggesting upregulation of the wild-type allele. The results
of gene expression profiling of E15.5 embryo fibroblasts (MEFs)
and E13.5 brain revealed transcriptional changes that were
numerous but usually small, only rarely exceeding increases or
decreases of greater than 50%. In MEFs, a significant number of the
affected transcripts encoded proteins involved in the control of
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adipocyte differentiation. When assayed, mutant MEFs displayed a
significant defect in spontaneous, in vitro adipogenic differentia-
tion, suggesting that these transcriptional changes may playarolein
the substantial reduction in body fat observed in Nipbl°*** mice.
Other transcriptional alterations in Nipbl’®”" mice involved
known locus control regions (beta-globin, H19) and gene clusters.
In one such case (the protocadherin-beta cluster), we observed
graded changes in expression depending on gene location within
the cluster. Overall the data suggest that small changes in the
expression of multiple genes underlie that phenotypic features of
CdLS, and support a role for Nipbl in regulating long-range
chromosomal interactions.

Supported by NIH grant POIHD052860.
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The Cornelia de Lange syndrome (CdLS) or Brachmann-de
Lange syndrome (BDLS) (OMIM 122470) is a multisystem
developmental disorder characterized by facial dysmorphia,
hirsutism, growth and cognitive retardation, gastrointestinal
abnormalities and limb deficiencies. To date, we have identified
mutations in approximately 65% of patients with CdLS. These
mutations involve the genes NIPBL, SMCIA and SMC3, all of which
areinvolved in sister chromatid cohesion. We have yet to elucidate a
cause of CdLS in 35% of patients with typical features of CdLS and
nearly 80% of patients with variant features of CdLS. To facilitate
identification of genes that may cause CdLS or these variant
phenotypes, we have used genome-wide CNV analysis. To date,
269 individuals submitted to our study for whom causative
mutations had not been previously identified were analyzed for
potentially pathogenic copy number variations using Illumina
HapMap550K SNP arrays. Analysis to the level of two consecutive
abnormal SNPs has revealed 8,932 potential variants ranging from
2bp to 20 Mb. Of these CNVs, 5,191 were five SNPs or less.

We have identified deletions in five patients that include NIPBL
and were validated using MLPA. There were no deletions that
included SMCIA and SMC3, consistent with previous findings
of only missense mutations in these genes. We have identified a
number of large chromosomal abnormalities in individuals with
phenotypic overlap with CdLS, but who do not meet full clinical
criteria.

We are hypothesizing that these overlapping clinical features may
be similar to CdLS due to the involvement of additional genes
involved in the pathogenesis of the “Cohesinopathies.”

In our cohort, we have identified two patients with overlapping de
novo deletions on 19p13 and two additional patients with over-
lapping de novo duplications on 19q13. We have identified six
additional patients with overlapping abnormalities from other
sources and are working to collect their detailed clinical and
cytogenetic data. We will present our findings and speculate on
the underlying basis of these clinical features and how they may be
related to Cohesin function during human development.





