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Fig.1 Cohesin complex structure and its interactions with DNA
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Tab.1 Core gene functions and phenotypic correlations in CdLS

Mutation
Gene Functional role Primary pathogenic mechanism Main phenotypic association
frequency (% )
. Disruption of 3D chromatin Classic severe phenotype : severe growth and
NIPBL Cohesin loader . . . . . o . . 60-70
structure , impaired dynamic loading intellectual disability, limb abnormalities
SMCIA Cohesin core subunit Reduced stability of the ring Atypical/mild phenotype : craniofacial features, mild 5
structure developmental delay
o . . . Abnormal SMC3 acetylation/ High CHD incidence (predominantly complex
SMC3  Cohesin core subunit . - . 1-2
deacetylation cycle defects ) , overall mild phenotype
Cohesin subunit . X . Atypical/mild phenotype : characteristic facial features,
RAD2I L L Impaired TAD formation . [ L 1-2
involved in dissociation relatively mild intellectual disability
Broad phenotypic spectrum : from classic features to
HDACS SMC3 deacetylase Dysfunction of histone deacetylation P e sp 0-5

nonspecific manifestations , significant sex differences
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Fig.2 Schematic diagram of the pathogenic mechanism of CdLS: from cohesin dysfunction to multisystem phenotypes
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Cornelia de Lange syndrome: advances in genetic and

molecular mechanisms
An Yugqin"?, Cao Ning', Kong Fanchao', Zhang Huirong’
('School of Medicine , Shihezi University, Shihezi 832003 ; *Department of Pediatrics , Shihezi Municipal
People's Hospital , Shihezi  832000; *Department of Pediatrics, The First Affiliated Hospital
of Shihezi University, Shihezi 832008 )

Abstract Cornelia de Lange syndrome (CdLS) is a rare genetic disorder characterized by multisystem develop-
mental abnormalities, with its core pathogenic mechanism closely linked to dysfunction of the cohesin complex. In-
tegrated multi-omics evidence revealed that cohesin dysfunction disrupted three-dimensional chromatin architecture
and epigenetic homeostasis, triggered genome-wide transcriptional dysregulation, and perturbed the regulatory net-
works of signaling pathways such as Wnt/B-catenin, TGF-B/BMP, and Sonic Hedgehog (SHH). These distur-
bances collectively drove multisystem phenotypes involving the neurological, cardiovascular and skeletal systems,
and laid a theoretical foundation for further understanding of the pathological mechanisms of CdLS and optimizing
molecular diagnosis. This review summarized the genetic basis (including epigenetic dysregulation mechanisms)
and disruption of key developmental signaling pathways in CdLS, and discussed strategies for optimizing molecular
diagnosis.

Key words Cornelia de Lange syndrome; cohesin complex; epigenetics; signaling pathways; molecular diagno-
sis
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