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Neurobehavioral and developmental issues with a broad range of deficits are prominent features of 

Cornelia de Lange syndrome (CdLS), a disorder due to disruption of the cohesin protein complex. 

The etiologic relationship of these clinical findings to anatomic abnormalities on neuro-imaging 

studies has not, however, been established. Anatomic abnormalities in the brain and central 

nervous system specific to CdLS have been observed, including changes in the white matter, 

brainstem, and cerebellum. We hypothesize that location and severity of brain abnormalities 

correlate with clinical phenotype in CdLS, as seen in other developmental disorders. In this study, 

we retrospectively evaluated brain MRI studies of 15 individuals with CdLS and compared these 

findings to behavior at the time of the scan. Behavior was assessed using the Aberrant Behavior 

Checklist (ABC), a validated behavioral assessment tool with several clinical features. Ten of 

fifteen (67%) of CdLS patients had abnormal findings on brain MRI, including cerebral atrophy, 

white matter changes, cerebellar hypoplasia, and enlarged ventricles. Other findings included 

pituitary tumors or cysts, Chiari I malformation and gliosis. Abnormal behavioral scores in more 

than one behavioral area were seen in all but one patient. All 5 of the 15 (33%) patients with 

normal structural MRI studies had abnormal ABC scores. All normal ABC scores were noted in 

only one patient and this was correlated with moderately abnormal MRI changes. Although our 

cohort is small, our results suggest that abnormal behaviors can exist in individuals with CdLS in 

the setting of relatively normal structural brain findings.
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INTRODUCTION

Cornelia de Lange syndrome (CdLS; OMIM #122470, #300590, #610759, #614701, and 

#300882) is a cohesinopathy disorder caused by single mutations in cohesin complex genes 

[Krantz et al., 2004; Tonkin et al., 2004; Musio et al., 2006; Deardorff et al., 2007, 2012a,b]. 

Among cohesin genes, mutations in NIPBL (5p13) account for over 60% of cases, while 

those in SMC3 (10q25) and SMC1A (Xp11), and, more recently, in the genes Rad21 
(8q24.11) and HDAC8 (Xq13.1), account for about 5–7% of affected individuals [Deardorff 

et al., 2012b]. These genetic mutations result in a developmental malformation syndrome 

characterized by small stature, microcephaly, limb abnormalities (oligodactyly, 2,3 toe-

syndactyly), distinctive facial features (arched eyebrows, synophrys, short nose, down-

turned mouth), hirsutism, developmental delays, multiple organ system defects (central 

nervous system, gastrointestinal, genitourinary, and cardiac), and behavioral issues [Jackson 

et al., 1993]. Within CdLS, there is a wide spectrum of severity, from severe involvement 

with global impairment to mild involvement with normal intelligence [Kline et al., 2007a]. 

Mutational data analysis has demonstrated a genotype-phenotype correlation only in NIPBL. 

Nonsense, splice site and frame shift mutations leading to a truncated and presumably non-

functional NIPBL protein are associated with a more severe phenotype characterized by 

typical facial features, severe to profound developmental and cognitive delay with poor 

communication, severe growth retardation, and structural abnormalities of the limbs and 

other organs. Missense mutations are, in general, associated with a milder phenotype 

characterized by absent limb abnormalities and with less severe developmental and growth 
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involvement. Furthermore, some splice site mutations have been identified in probands with 

a moderate phenotype with typical characteristics but with reduced developmental and 

cognitive abilities [Mannini et al., 2013]. The other genes have had less of a genotype–

phenotype correlation, partially because of less total number of patients identified; in 

general, mutations in SMC1A, SMC3, and Rad21 have a milder phenotype [Mannini et al., 

2013]. Both diagnostic criteria and a scoring system to characterize severity have been 

developed to confirm clinical diagnoses [Kline et al., 2007b].

Mutational data analysis has demonstrated a genotype–phenotype correlation only 

in NIPBL. Nonsense, splice site and frame shift mutations leading to a truncated 

and presumably non-functional NIPBL protein are associated with a more severe 

phenotype characterized by typical facial features, severe to profound 

developmental and cognitive delay with poor communication, severe growth 

retardation, and structural abnormalities of the limbs and other organs.

The prevalence of specific abnormalities within different organ systems in CdLS is not well 

established. Given the prominence of neurodevelopmental abnormalities both in the clinical 

phenotype of the syndrome and on neuro-imaging studies, it seems probable that anatomic 

abnormalities might correlate with development and behavior. For example, seizures occur 

in slightly over 20% of individuals [Kline et al., 2007b] and sleep disturbance is common 

[Stavinoha et al., 2011]. The behavioral profile of CdLS includes self-injury, aggression, 

hand posturing, obsessive-compulsive traits, attention deficit disorder with or without 

hyperactivity, short attention span, depression, and autism or autistic behaviors [Jackson et 

al., 1993; Basile et al., 2007; Oliver et al., 2008; Srivastava et al., 2014]. Intellectual 

disability is common and neurologic exams are typically normal other than hyperreflexia 

[Kline et al., 2007a]. Although the prevalence of autism spectrum disorder in CdLS is 

relatively high, the presentation of autism symptoms is subtly different when compared to 

idiopathic autism [Moss et al., 2012].

A few reports of brain findings have been published. Autopsies have revealed specific 

changes: hypoplastic corpus callosum, cerebellar vermis, septum pellucidum with septo-

optic dysplasia and commissural dysplasia [Hayashi et al., 1996]; immature cerebral gyri, 

thickened leptomeninges, and hypo-plastic thalamic nuclei, pons and cerebellar cells 

[Yamaguchi and Ishitobi, 1999]; and lack of myelination in temporal cortex, frontal lobe 

hypoplasia and neurofibrillary tangles [Vuilleumier et al., 2002]. Some patterns of brain 

changes on computed tomography (CT) scans and magnetic resonance imaging (MRI) 

studies have been reported, including enlarged ventricles, thinning of white matter, gyral 

simplification, and brainstem and cerebellar hypoplasia [Ozkinay et al., 1998; Kline et al., 

2007b; Whitehead et al., 2015]. There have been no reports of brain study findings 

compared with either IQ or mutation analysis results in CdLS.

Some patterns of brain changes on computed tomography (CT) scans and magnetic 

resonance imaging (MRI) studies have been reported, including enlarged ventricles, 

thinning of white matter, gyral simplification, and brainstem and cerebellar 

hypoplasia.

Correlation between neuroanatomical findings and behavior has been found in other genetic 

conditions, including Down syndrome, fragile X syndrome, and Rett syndrome [Pinter et al., 
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2001; Gothelf et al., 2008; Mahmood et al., 2010]. Specifically, in fragile X syndrome, 

Gothelf et al. [2008] found a positive correlation between the size of the caudate nucleus and 

behavior as measured by the Aberrant Behavior Checklist and the stereotypy scale of the 

Autism Behavior Checklist. Specific brain differences have been documented in individuals 

with autism spectrum disorder, including symmetry differences [Knaus et al., 2012] and on 

functional MRI studies compared to severity of autistic traits [Gothelf et al., 2008; Cerliani 

et al., 2015]. Functional MRI studies also have been done in Down syndrome looking at 

adaptive behavior [Pujol et al., 2015], but in very few other genetic conditions. It would not 

be likely that a single major change in the brain would be noted which would correspond to 

behavioral subscales on the ABC in CdLS, but small correlations might be expected. The 

purpose of our overall study is to document a range of CNS abnormalities found on brain 

MRI studies, and test for correlation between these findings and the neurobehavioral issues 

in patients with CdLS. This phase of the study compared MRI findings to some clinical 

findings and behavior based on the Aberrant Behavior Checklist.

METHODS

Patients with CdLS who had a brain MRI were recruited through community advertisements 

via the CdLS newsletter, online advertisements (http://www.cdlsusa.org), and by direct 

personal communication (AK) to patients seen at the Harvey Institute for Human Genetics at 

the Greater Baltimore Medical Center (GBMC). Interested families with affected individuals 

made contact via telephone or e-mail to learn more about the study and the informed consent 

process. Written informed consent from all parents, guardians or higher functioning patients 

over 18 years of age was obtained. The protocol of this study was prospectively reviewed 

and approved by the GBMC Institutional Review Board.

Diagnosis of CdLS was confirmed clinically (ADK). Brain MRI scans were interpreted 

independently by three neuro-radiologists (TL, MK, SR), who were blinded to the 

behavioral assessments of the patients. The Aberrant Behavior Checklist—Community 

(ABC), a behavioral questionnaire, was completed via phone or in person by the parents or 

caregivers of individuals with CdLS. This interview was conducted by a pediatrician (TR) or 

an experienced behavioral psychologist (JO). Parents or caregivers were asked to recall the 

behavior exhibited by their child during the time period that the MRI was done. The 

questionnaires initially scored by the pediatrician were re-confirmed by the behavioral 

psychologist.

Inclusion criteria included children with a clinical diagnosis of CdLS, brain MRI obtained at 

5 years of age or older, and a parent or guardian willing to complete the behavioral 

questionnaire.

Study Measures

The MRI scans were reviewed for completeness and diagnostic quality, and were compared 

to known normal brain MRI results. Based on prior literature, specific neurologic 

abnormalities previously described were intentionally sought. These included: hypoplasia of 

the cerebellum, corpus callosum, septum pellucidum, and brainstem; brachycephaly; 

microcephaly; ventriculomegaly; colpocephaly; and cerebral atrophy. Record was also made 
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for any evidence of focal or regional cortical atrophy; migrational abnormality; 

convolutional maldevelopment; supratentorial midline abnormality (optic nerve, corpus 

callosum, pituitary axis); infratentorial midline abnormality (vermis, cerebellum, brain-

stem); temporal lobe gliosis; white matter abnormality; facial abnormality (palate, maxilla, 

mandible, sinuses, mastoids); cerebral spinal fluid (CSF) space enlargement; tumors; gliosis; 

diffusion abnormality; bleed; stoke; or surgical changes. In addition, close inspection was 

directed at these anatomic features: temporal bone and middle ear; cranial base; temporal 

lobes; cerebral cortex; and white matter. Abnormalities were described and rated as to 

severity, extent, and chronicity. A score was assigned based on findings in different 

anatomical areas (cerebrum, temporal lobe, corpus callosum, pituitary axis, cerebellum, 

brainstem, ventricles, CSF spaces, and flair sequence) with higher numbers associated with 

more severe changes.

The Aberrant Behavior Checklist (ABC) is a symptom checklist for assessing problem 

behaviors of children and adults with intellectual disability and is a widely used scale to 

assess behavior in this population, particularly when assessing treatment effects. It has been 

validated for ages 5 years and above. The checklist is a 58-item questionnaire, which covers 

five subscales [Aman et al., 1986] and includes five clinical history questions. The behavior 

sub-scales are: (I) Irritability/Agitation (mood lability, self-injury, aggression); (II) Lethargy/

Social Withdrawal (isolation from others, minimal interaction); (III) Stereotypic Behavior 

(repetitive movements); (IV) Hyperactivity; and (V) Inappropriate speech (increased or 

unusual use of speech). The checklist can be completed by parents, special educators, 

psychologists, direct caregivers, nurses, and others with knowledge of the person being 

assessed.

Data Analysis

A scoring system for the MRI results was devised for comparison purposes. Scores of 1, 3, 

and 5 were used depending on level of involvement. Each of the following findings was 

given a scaled score of 1, 3, or 5 depending on severity: generalized atrophy, lobar atrophy, 

temporal lobe/hippocampal findings, migrational abnormalities, white matter changes, 

corpus callosum findings, cerebellar hypoplasia, brainstem changes, ventricular dilation, and 

gliosis. Additional scores were given for specific changes, including: a score of 1 for 

enlarged pituitary/pituitary cyst or microadenoma of pituitary, a score of 1 for an acquired 

Chiari I malformation, a score of 1 for enlarged cistern magna, a score of 3 for microcephaly 

and/or brachycephaly, a score of 1 for a schwannoma/cyst or diverticulum of CSF space, a 

score of 3 for subcortical gliosis, a score of 3 for dilated CSF spaces, a score of 1 for 

unusually bright fluid on flair sequence, a score of 3 for gliosis seen on flair sequence and a 

score of 1 for bony fusion of upper cervical vertebrae, mild foramen magnum stenosis or 

shortened clivus.

On the ABC, the sums of item severity ratings (from 0 for “not at all” to 3 for “severe”) for 

each subscale are used to obtain an average score for each of the five domains [Srivastava et 

al., 2014]. Based on the scores, each subscale behavior is categorized as Normal (N), 

Elevated (E), or Clinically Significant (CS). The questionnaire scores were compared to the 
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findings of the MRI scans using the Fisher’s Exact test. Statistical significance was 

confirmed at P values of 0.05 or less.

RESULTS

Initially, 56 patients were recruited who had MRI scans of the brain. However 41 patients 

had the MRI scans done as an infant or before 5 years of age. Therefore only 15 patients met 

the inclusion criteria and were included in this phase of the study (Table I), as the ABC is 

validated for people ages 5 years and above. The patients’ ages ranged from 5 to 28 years, 

and 87% were female. Clinical presentations varied, as assessed by the ABC (Table I), 

although this was incomplete for several patients. The majority of the patients were 

ambulatory, six of those reported (46%) had seizures, four (31%) had deafness, one was 

blind and none had cerebral palsy. Eleven (79%) were in some degree of special education 

because of development or behavior or both.

Ten of the 15 (67%) MRI scans were abnormal, including 40% with generalized cerebral or 

lobar atrophy, 27% with white matter changes, 33% with cerebellar vermal hypoplasia, 13% 

with temporal lobe hypoplasia, 47% with findings in the CSF space and 20% with mildly 

dilated ventricles (Fig. 1). Twenty percent had abnormal or thin corpus callosum. Thirty-

three percent had enlarged or mega cisterna magna. One patient had migrational 

abnormalities. Simplified gyral pattern can be seen in Figure 1. Pituitary abnormalities were 

found in four subjects, including Rathke cleft cysts in two, pituitary microadenoma in one, 

and small pituitary gland in one. White matter changes were found in five cases (gliosis in 

three, occipital thinning in one, and a tiny cyst in one). Two patients (13%) had Chiari I 

malformation. Head shape was normal in 11 patients (73%), and there was 

microbrachycephaly in three, microcephaly in one, and frontal bossing in one. Sixty percent 

had lower facial changes including high arched palate in six cases (40%), micrognathia in 

three and hypoplastic mandibular condylar heads in three. Mastoid and sinus disease was 

found in eight of the 16 patients (50%). Additional details can be found in Table I.

The families were called to complete the ABC via telephone or questioned in person. The 

time between having the MRI scan and the parents/caregivers answering the ABC questions 

ranged from 0 days to up to 10 years. On the ABC score ratings, 8/15 (53%) of the patients 

had some clinically significant scores and all but one (14/15, 93%) also had some elevated 

scores. Overall, 8 of 15 (53%) of the patients were found to have irritability/agitation. Eight 

of 15 (53%) had lethargy/social withdrawal, 3 of 15 (20%) had stereotypic behavior, 7 of 15 

(47%) of the patients were hyperactive and 10 of 15 (67%) had inappropriate speech (Table 

I). The Fisher exact test looked at the correlation between the ABC scores and brain MRI 

studies, but there were no statistically significant results (Fig. 2). Ten of 15 (67%) of the 

patients had abnormal changes on their MRI studies. Cerebral and cerebellar atrophy do not 

appear to correlate with level of behavior severity. Four of seven (57%) of the patients with 

only normal or elevated ABC scores had abnormal MRIs, and only a single patient of the ten 

(10%) had all normal ABC scores with a moderate to severe MRI. Four of ten (40%) 

patients with abnormal MRI findings had only normal or elevated ABC scores. A single 

patient of five (20%, but 7% of the total cohort) with a normal MRI study had all areas of 

behavior involved on the ABC, with all scores clinically significant except the lethargy 
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subscale, which was elevated. There were more clinically significant ABC scores in those 

with moderately severe or severe MRI findings than in those with mild or moderate MRI 

findings (Fig. 2), but this did not reach statistical significance. Four of five (80%) of the 

patients with normal MRI studies had abnormal ABC scores (27% of the total cohort). 

Elevated scores on irritability and on lethargy appear to be associated with cerebral atrophy 

and/or more severe MRI changes but this was not found to be statistically significant. There 

was also no significant correlation between clinical findings as listed on the ABC (e.g., 

seizures, deafness) with MRI changes or behavior scores.

DISCUSSION

No prior longitudinal study has attempted to correlate specific brain findings with behavior 

and other clinical features in CdLS. Neuroimaging should be able to provide a better 

understanding of the precise nature and evolution of brain changes, and when compared to 

behavior could provide prognostic information for families and providers. If such correlation 

was evident, then it might be possible to recommend specific medical interventions or 

preventative measures. Such information would be particularly valuable in this syndrome 

because difficult behaviors are common in CdLS and are often problematic to manage, and 

ultimately detrimental to families and to the CdLS individual’s quality of life [Kline et al., 

2015]. Brain changes are assumed to be congenital, although it is unclear whether any are 

progressive, although unlikely. None of our patients had serial brain MRI scans, as there was 

no indication for this.

The Aberrant Behavior Checklist (ABC) has validated psychometric properties, with 

motivation for completion by the caregiver being the main variable determining reliability 

[Aman et al., 1987]. Extensive psychometric assessment of the ABC has indicated that its 

subscales have high internal consistency, adequate reliability, and established validity [Aman 

et al., 1985]. There is precedent for having measured behavior via telephone administration 

of the ABC [Siegel et al., 2013], but we are not aware of another study using this tool 

recalling behavior during an event with a lag in time. The ABC has been used in other 

assessments of behavior in CdLS [Moss et al., 2012; Srivastava et al., 2014]. Many 

behavioral differences were noted in our cohort. The majority of our patients had irritability, 

which assesses mood differences and tantrums, but also includes self-injurious behaviors. A 

majority also had inappropriate speech, which includes repetitive and/or excessive speech. 

Half had lethargy which assesses for activity level, but also for signs of depression, 

withdrawal, preoccupation, poor communication, and negative response to personal 

interactions, much of which can be seen in autism. Of the four individuals with clinically 

significant scores in the lethargy subscale, the MRI scores were all categorized as severe or 

moderate-severe, and three of the four had at least mild cerebral atrophy and mildly dilated 

ventricles. Other findings in these four patients include mega cisterna magna in three of four, 

inferior vermal hypoplasia in half and pons or hippocampal hypoplasia in three-quarters. In 

general, the lethargy scores appear elevated in those with more severe MRI’s (Fig. 2). A 

minority of the whole cohort demonstrated stereotypy, but 40% had evidence for 

hyperactivity, including impulsivity, difficult to control, and disruptive behaviors. Our 

findings were consistent with previous reports of maladaptive behaviors found in CdLS 
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associated with autistic traits [Nakanishi et al., 2012; Srivastava et al., 2014], and with less 

repetitive behaviors [Moss et al., 2012].

Unfortunately, we found no statistically significant correlation between neuro-anatomic 

abnormality and behavioral problems. That said, our data are retrospective and the cohort is 

small. We did, however, find intriguing trends. Unexpectedly, more severe structural brain 

changes were present in individuals with milder behavioral involvement as rated by the 

ABC. On the other hand, there was more ABC hyperactivity evident in those individuals 

with milder structural MRI changes. Inappropriate speech and irritability, which includes 

items for aggression and self-injury, did not appear to correlate with any MRI findings. It 

must be noted, however, that deeper brain structures such as the basal ganglia are not readily 

assessed through standard structural MRI. Ratings for stereotypical behavior in our cohort 

were low, impeding analyses. Although again not statistically significant, those with 

clinically significant lethargy subscale scores appeared to have more abnormal findings on 

brain MRI, which suggests that these neuroanatomic findings could correlate with some 

features of social isolation, depression and/or autistic features in CdLS. An additional facet 

of this project, comparing MRI findings and behavior to more extensive clinical findings, is 

ongoing and may provide further interpretation.

Our results suggest that abnormal behaviors can exist in individuals with CdLS in 

the setting of relatively normal structural brain findings.

There are several limitations to this study. The first limitation is that the patient cohort was 

small. Most of the affected individuals who have had brain MRI scans had to be excluded 

from this study, as they did not meet the age criteria. These patients had brain scans done at 

birth or below the age of five years, due to various clinical symptoms which include 

microcephaly, seizures, hypotonia and trauma. A smaller number of individuals had brain 

MRI studies done as children or adults, some for abnormal behaviors and others for 

neurologic findings or seizures. A second limitation is that there was a variable period 

between the time of the MRI scan and the time that the ABC checklist was completed; 

parents/caregivers may have had difficulty recalling their child’s behavior at the time when 

the MRI was done. The time between having the MRI scan and the parents/caregivers 

answering the questionnaire ranged from 0 days to up to 10 years. An inaccurate recollection 

of behavior might skew behavior questionnaire scores as well as the data analysis. A third 

limitation pertaining to this study is that the ABC does not measure anxiety or other 

prominent behavioral disorders that can be typically seen in patients with CdLS [Kline et al., 

2007a]. Thus, this study is unable to accurately correlate the changes in the brain MRI 

studies to the full range of abnormal behaviors seen in CdLS, although trends can be noted.

There is evidence in animal models of cohesinopathy that milder structural brain 

malformations appear to have more severe behaviors. Learning and memory defects in 

Drosophila have been noted to accompany morphologic brain structure differences [Wu et 

al., 2015]. Cohesin disruption is known to affect the nervous system in other organisms, and 

differential expression of cohesin in the cortex vastly influences many other genes in mice 

[Cuadrado et al., 2015]. The mechanisms that lead to the abnormal behaviors may therefore 

stem not from gross brain malformation but from changes on a molecular level. 

Alternatively, it is feasible that individuals with CdLS and with higher cognitive function 
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experience greater frustration and anxiety in their daily lives. If so, then more normal brain 

structure may lead to greater behavioral issues for the affected individual. In any case, 

further and larger clinical studies might establish patterns of correlation.

A remarkable five (30%) of our 15 cases had some degree of vermian hypoplasia, and two of 

these five cases also had underdevelopment of the frontal lobe cortex (Fig. 1). This 

combination of findings is particularly intriguing given the more recent understanding of the 

anatomic and developmental connectedness of the cerebellum and the prefrontal cortex 

[Basson and Wingate, 2013]. It has been speculated that defects in this connectivity may 

result in abnormal behaviors, such as disorders of executive function (planning and 

reasoning), language, emotional control, social interaction, time construction, and learning. 

Such behavioral alterations have been collectively referred to as “cerebellar cognitive 

affective syndrome” and have been linked to a range of neurodevelopmental disorders like 

autism, attention deficit hyperactivity disorder and schizophrenia. There appears to be a 

regulatory role of the cerebellum, as seen in mouse models for genetic conditions with 

autism such as tuberous sclerosis and fragile X syndrome [Hampson and Blatt, 2015], and 

the mechanism in CdLS may be similar.

A second planned phase of this project is ongoing to collect more detailed clinical 

information and compare expanded phenotype and level of severity to the MRI findings. 

Ideally, a larger prospective study would more comprehensively assess the behaviors of 

affected patients, and follow those behaviors longitudinally over the course of a few years. 

Perhaps then a stronger correlation between behavior, particularly autism, and anatomic 

abnormality as revealed by MRI studies could be discerned.

Acknowledgments

The authors would like to thank the patients, their families, and the CdLS Foundation USA for their participation.

References

Aman MG, Singh NN, Stewart AW, Field CJ. Psychometric characteristic of the aberrant behavior 
checklist. Am J Ment Defic. 1985; 89:492–502. [PubMed: 3158201] 

Aman, M., Singh, N., Stewart, A., Field, C. The aberrant behavior checklist: Manual. East Aurora, NY: 
Slosson Educational Publications; 1986. 

Aman MG, Singh NN, Turbott SH. Reliability of the Aberrant Behavior Checklist and the effect of 
variations in instructions. Am J Ment Defic. 1987; 92:237–240. [PubMed: 3434595] 

Basile E, Villa L, Selicorni A, Molteni M. The behavioral phenotype of Cornelia de Lange syndrome: 
A study of 56 individuals. J Intellect Disabil Res. 2007; 51:671–681. [PubMed: 17845236] 

Basson MA, Wingate RJ. Congenital hypoplasia of the cerebellum: Developmental causes and 
behavioral consequences. Front Neuroanat. 2013; 7:29. [PubMed: 24027500] 

Cerliani L, Mennes M, Thomas RM, Di Martina A, Thioux M, Keysers C. Increased functional 
connectivity between subcortical and cortical resting-state networks in autism spectrum disorder. 
JAMA Psychiatry. 2015; 72:767–777. [PubMed: 26061743] 

Cuadrado A, Remeseiro S, Grana O, Pisano DG, Losada A. The contribution of cohesin-SA1 to gene 
expression and chromatin architecture in two murine tissues. Nucleic Acids Res. 2015; 43:3056–
3067. [PubMed: 25735743] 

Deardorff M, Kaur M, Yaeger D, Rampuria A, Korolev S, Pie J, Gil-Roriguez C, Arnedo M, Loeys B, 
Kline AD, Wilson M, Lillquist K, Siu V, Ramos R, Musio A, Jackson LG, Dorsett D, Krantz ID. 
Mutations in cohesin complex members SMC3 and SMC1A cause a mild variant of Cornelia de 

ROSHAN LAL et al. Page 9

Am J Med Genet C Semin Med Genet. Author manuscript; available in PMC 2017 May 26.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Lange syndrome with predominant mental retardation. Am J Hum Genet. 2007; 80:485–494. 
[PubMed: 17273969] 

Deardorff MA, Wilde JJ, Albrecht M, Dickinson E, Tennstedt S, Braunholz D, Monnich M, Yan Y, Xu 
W, Gil-Rodriguez Mc, Clark D, Hakonarson H. RAD21 mutations cause a human cohesinopathy. 
Am J Hum Genet. 2012a; 90:1014–1027. [PubMed: 22633399] 

Deardorff MA, Bando M, Nakato R, Watrin E, Itoh T, Minamino M, Saitoh K, Komata M, Katou Y, 
Clark D, Cole KE, De Baere E. HDAC8 mutations in Cornelia de Lange syndrome affect the 
cohesin acetylation cycle. Nature. 2012b; 489:313–317. [PubMed: 22885700] 

Gothelf D, Furfaro JA, Hoeft F, Eckert MA, Hall SS, O’Hara R, Erba HW, Ringel J, Hayashi KM, 
Patnaik S, Golianu B, Kraemer HC, Thompson PM, Piven J, Reiss AL. Neuroanatomy of fragile X 
syndrome is associated with aberrant behavior and the fragile X mental retardation protein 
(FMRP). Ann Neurol. 2008; 63:40–51. [PubMed: 17932962] 

Hampson DR, Blatt GJ. Autism spectrum disorders and neuropathology of the cerebellum. Front 
Neurosci. 2015; 9:420. [PubMed: 26594141] 

Hayashi M, Sakamoto K, Kurata K, Nagata J, Satoh J, Morimatsu Y. Septo-optic dysplasia with 
cerebellar hypoplasia in Cornelia de Lange syndrome. Acta Neuropathol. 1996; 92:625–630. 
[PubMed: 8960322] 

Jackson L, Kline AD, Barr MA, Koch S. De Lange syndrome. A clinical review of 310 individuals. 
Am J Med Genet. 1993; 47:940–946. [PubMed: 8291537] 

Kline AD, Grados M, Sponseller P, Levy HP, Blagowidow N, Schoedel C, Rampolla J, Clemens DK, 
Krantz ID, Kimball A, Pichard C, Tuchman D. Natural history of aging in Cornelia de Lange 
syndrome. Am J Med Genet. 2007a; 145C:248–260. [PubMed: 17640042] 

Kline AD, Krantz ID, Sommer A, Kliewer M, Jackson LG, FitzPatrick DR, Levin AV, Selicorni A. 
Cornelia de Lange syndrome: Clinical review, diagnostic and scoring systems, and anticipatory 
guidance. Am J Med Genet. 2007b; 143A:1287–1296. [PubMed: 17508425] 

Kline AD, Calof AL, Lander AD, Gerton JL, Krantz ID, Dorsett D, Deardorff MA, Blagowidow N, 
Yokomori K, Shirahige K, Santos R, Woodman J, Megee PC, O’Connor JT, Egense A, Noon S, 
Belote M, Goodban MT, Hansen BD, Timmons JG, Musio A, Ishman SL, Bryan Y, Wu Y, Bettini 
LR, Mehta D, Zakari M, Mills JA, Srivastava S, Haaland E. Clinical, developmental and molecular 
update on Cornelia de Lange syndrome and the cohesin complex: Abstracts from the 2014 
Scientific and Educational Symposium. Am J Med Genet. 2015; 167:1179–1192. [PubMed: 
25899772] 

Knaus TA, Tager-Flusberg H, Foundas AL. Sylvian fissure and parietal anatomy in children with 
autism spectrum disorder. Behav Neurol. 2012; 25:327–339. [PubMed: 22713374] 

Krantz ID, McCallum J, DeScipio C, Kaur M, Gillis LA, Yaeger D, Jukofsky L, Wasserman N, Bottani 
A, Morris CA, Nowaczyk MJ, Toriello H, Bamshad MJ, Carey JC, Rappaport E, Kawauchi S, 
Lander AD, Calof AL, Li HH, Devoto M, Jackson LG. Cornelia de Lange syndrome is caused by 
mutations in NIPBL, the human homolog of Drosophila melanogaster Nipped-B. Nat Genet. 2004; 
36:631–635. [PubMed: 15146186] 

Mahmood A, Bibat G, Zhan AL, Izbudak I, Farage L, Horska A, Mori S, Naidu S. White matter 
impairment in Rett syndrome: Diffusion tensor imaging study with clinical correlations. AJNR 
Am J Neuroradiol. 2010; 31:295–299. [PubMed: 19833797] 

Mannini L, Cucco F, Quarantotti V, Krantz I, Musio A. Mutation spectrum and genotype-phenotype 
correlation in Cornelia de Lange syndrome. Hum Mutat. 2013; 34:1589–1596. [PubMed: 
24038889] 

Moss J, Howlin P, Magiati I, Oliver C. Characteristics of autism spectrum disorder in Cornelia de 
Lange syndrome. J Child Psychol Psychiatry. 2012; 53:883–891. [PubMed: 22490014] 

Musio A, Selicorni A, Focarelli ML, Gervasini C, Milani D, Russo S, Vezzoni P, Larizza L. X-linked 
Cornelia de Lange syndrome owing to SMC1L1 mutations. Nature Genet. 2006; 38:528–530. 
[PubMed: 16604071] 

Nakanishi M, Deardorff MA, Clark D, Levy SE, Krantz I, Pipan M. Investigation of autistic features 
among individuals with mild to moderate Cornelia de Lange Syndrome. Am J Med Genet. 2012; 
158:1841–1847.

ROSHAN LAL et al. Page 10

Am J Med Genet C Semin Med Genet. Author manuscript; available in PMC 2017 May 26.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Oliver C, Arron K, Sloneem J, Hall S. Behavioral phenotype of Cornelia de Lange syndrome: A case-
control study. Br J Psychiatry. 2008; 193:466–470. [PubMed: 19043149] 

Ozkinay F, Cogulu O, Gunduz C, Levent E, Ozkinay C. A case of Brachman de Lange syndrome with 
cerebellar vermis hypoplasia. Clin Dysmorphol. 1998; 7:303–305. [PubMed: 9823500] 

Pinter JD, Eliez S, Schmitt JE, Capone GT, Reiss AL. Neuroanatomy of Down’s syndrome: A high-
resolution MRI study. Am J Psychiatry. 2001; 158:1659–1665. [PubMed: 11578999] 

Pujol J, del Hoyo L, Blanco-Hinojo L, de Sola S, Macia D, Martinez-Vilavella G, Amor M, Deus J, 
Rodriguez J, Farre M, Dierssen M, de la Torre R. Anomalous brain functional connectivity 
contributing to poor adaptive behavior in Down syndrome. Cortex. 2015; 64:148–156. [PubMed: 
25461715] 

Siegel M, Milligan B, Stein H, Teer O, Smith KA. Telephone administration of the aberrant behavior 
checklist: A pilot study of feasibility in children with intellectual disability and autism. J Intellect 
Disabil. 2013; 17:265–271. [PubMed: 24003069] 

Srivastava S, Landy-Schmitt C, Clark B, Kline AD, Specht M, Grados MA. Autism traits in children 
and adolescents with Cornelia de Lange syndrome. Am J Med Genet A. 2014; 164A:1400–1410. 
[PubMed: 24718998] 

Stavinoha RC, Kline AD, Levy HP, Kimball A, Mettel TL, Ishman SL. Characterization of sleep 
disturbance in Cornelia de Lange syndrome. Internat J Ped Otorhinolaryngol. 2011; 75:215–218.

Tonkin ET, Wang T-J, Lisgo S, Bamshad MJ, Strachan T. NIPBL, encoding a homolog of fungal Scc2-
type sister chroma-tid cohesion proteins and fly Nipped-B, is mutated in Cornelia de Lange 
syndrome. Nature Genet. 2004; 36:636–641. [PubMed: 15146185] 

Vuilleumier N, Kovari E, Nichon A, Hof PR, Mentenopoulos G, Giannakopoulos P, Bouras C. 
Neuropathological analysis of an adult case of the Cornelia de Lange syndrome. Acta 
Neuropathol. 2002; 104:327–332. [PubMed: 12172920] 

Whitehead MT, Nagaraj UD, Pearl PL. Neuroimaging features of Cornelia de Lange syndrome. Pediatr 
Radiology. 2015; 45:1198–1205.

Wu Y, Gause M, Xu D, Misulovin Z, Schaaf CA, Mosarla RC, Mannino E, Shannon M, Jones E, Shi 
M, Chen WF, Katz OL, Sehgal A, Jongens TA, Krantz ID, Dorsett D. Drosophila Nipped-B 
mutants model Cornelia de Lange syndrome in growth and behavior. PLoS Genet. 2015; 
11:e1005655. [PubMed: 26544867] 

Yamaguchi K, Ishitobi F. Brain dysgenesis in Cornelia de Lange syndrome. Clin Neuropathol. 1999; 
18:99–105. [PubMed: 10192706] 

ROSHAN LAL et al. Page 11

Am J Med Genet C Semin Med Genet. Author manuscript; available in PMC 2017 May 26.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Figure 1. 
MRI findings. (A) Sagittal T2 weighted MR image of a 6-year-old subject demonstrates a 

simplified sulcation of the frontal lobe (arrows) relative to the parietal lobe (arrowheads). 

(B) Midline sagittal T2 weighted MR image in the same patient demonstrates a mega 

cisterna magna (arrow), mild vermian hypoplasia (V), small pons (star), and cystic sellar 

mass, likely a Rathke’s cyst (arrowhead).
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Figure 2. 
MRI score v ABC findings. Graphs of total MRI severity score v. individual subscale ratings 

from the Aberrant Behavior Checklist for each of the 15 individuals in this study. For the 

subscale ratings on the left, a “1” is normal, a “2” is elevated, and a “3” is clinically 

significant.
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