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Abstract

:

KBG syndrome (KBGS) is a rare Mendelian condition caused by heterozygous mutations in ANKRD11 or microdeletions in chromosome 16q24.3 encompassing the gene. KBGS is clinically variable, which makes its diagnosis difficult in a significant proportion of cases. The present study aims at delineating the cognitive profile and adaptive functioning of children and adolescents with KBGS. Twenty-four Italian KBGS with a confirmed diagnosis by molecular testing of the causative ANKRD11 gene were recruited to define both cognitive profile as measured by the Wechsler Intelligence Scale and adaptive functioning as measured by Vineland Adaptive Behavior Scales-II Edition or the Adaptive Behavior Assessment System-II Edition. Among children and adolescents, 17 showed intellectual disability, six presented borderline intellectual functioning and only one child did not show cognitive defects. Concerning cognitive profile, results revealed significant differences between the four indexes of Wechsler Intelligence Scale. Namely, the verbal comprehension index was significantly higher than the perceptual reasoning index, working memory index and the processing speed index. Concerning adaptive functioning, no difference between the domains was found. In conclusion, in our cohort, a heterogeneous profile has been documented in cognitive profiles, with a spike on verbal comprehension, while a flat-trend has emerged in adaptive functioning. Our cognitive and adaptive characterization drives professionals to set the best clinical supports, capturing the complexity and heterogeneity of this rare condition.
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1. Introduction


KBG syndrome (KBGS) (MIM #148050) is a rare Mendelian condition caused by heterozygous mutations in ANKRD11 [1] or microdeletions encompassing the gene [2,3,4]. More than 100 affected individuals have been reported in the literature; however, it is likely that the syndrome is underdiagnosed due to mild features. Features that are typically present at birth may be difficult to recognise until developmental delays are apparent, or permanent teeth erupt. Moreover, it is likely that this syndrome is less frequently diagnosed since features are not severe and fairly common among other disorders [5]. Main features of KBGS include short stature, distinctive facial appearance, macrodontia of the permanent central upper incisors, cardiac defects, palate abnormalities, sleep disturbances, feeding difficulties, hearing problems, speech delay, and learning difficulties [1,6,7,8,9,10,11,12]. Affected patients may not show the characteristic KBG phenotype. Indeed, reverse phenotyping documented that the diagnosis of KBGS can be missed because of the wide heterogeneity of phenotypic manifestations [11,12]. Based on these considerations, Low and colleagues [11] updated diagnostic criteria/clinical recommendations for this rare disorder, proposing that a diagnosis of KBGS should be considered in patients with developmental delay/learning difficulties, speech delay or significant behavioural issues with at least two major criteria (e.g., macrodontia, height below 10th centile) or one major plus two minor criteria (e.g., brachydactyly, seizures). Notably, conclusive phenotype–genotype correlations have not been identified [11,12].



However, accurate cognitive profiling of subjects with mutated ANKRD11 alleles is still lacking. Currently, anecdotal evidence suggests that individuals with KBGS usually present a high variability of intellectual impairment, often ranging from mild to moderate [13,14,15], even though a borderline to normal range cognition has also been reported [15,16,17]. Most studies refer to case reports, and only two surveys have robustly described the cognitive profile of the disorder [14,18]. The latter reported that around 10% of children and adults with KBGS show moderate intellectual disability (ID), with approximately 50% of cases having mild ID, while the remaining are characteried by borderline to normal IQ, as assessed by the Wechsler Intelligence Scale for Children Third Edition [14,18].



With the introduction of the Diagnostic and Statistical Manual of Mental Disorders (DSM-5) [19], the evaluation of adaptive behaviour has become a necessary requirement in order to establish the severity of the ID. It is now largely accepted that clinicians should consider adaptive behaviour, which “represents the conceptual, social, and practical skills that people have learned to be able to function in their everyday lives” [20]. Current knowledge on cognitive behaviour associated to adaptive assessment in KBGS is still sparse and has been barely investigated. To the best of our knowledge, only a case-report study included the adaptive profiling in the evaluation of two individuals with KBGS, showing a low average intellectual level with severe impairment in the communication domain of adaptive behaviour [13].



The current explorative study aims at defining both cognitive profile and adaptive behaviour, respectively assessed by Wechsler Intelligence Scales [21,22] and adaptive behaviour measures (Vineland Adaptive Behavior Scales-Second Edition-Survey Interview Form-VABS-II-SIF [23] or Adaptive Behavior Assessment System-Second Edition-ABAS-II [24]) in patients with a clinical diagnosis of KBG syndrome, confirmed by the identification of a ANKRD11 pathogenic mutation or with a 16q24.3 microdeletion. Specifically, our overarching goal was to more accurately characterise the cognitive profile in a cohort of Italian children and adolescents with KBGS, considering both intellectual levels and adaptive behaviour by using “gold standard” measures currently administered for diagnosis of ID [19].



Based on our clinical experience, we predicted a heterogeneous cognitive profile in KBGS, with strong verbal comprehension abilities compared to perceptual reasoning, working-memory and speed processing, but with a flat-trend in adaptive behaviour.




2. Materials and Methods


2.1. Participants


Our cohort was composed by 24 Italian children and adolescents with molecularly confirmed diagnosis of KBGS (M/F = 14/10; mean age: 11.99 ± 3.93 years). Participants were recruited at the Child and Adolescent Psychiatry Units of Bambino Gesù Hospital and Policlinico Universitario Agostino Gemelli in Rome. Fifteen participants had already enrolled in a previous related study [25].



All participants and their parents gave their informed consent in accordance with the Code of Ethics of the World Medical Association (Declaration of Helsinki), and the study was approved by the Bambino Gesù Children′s Hospital Ethical Committee (protocol code 1094_OPBG 1940/2019 03-07-2019, Protocol number 1094, on 3 July 2019).



2.1.1. Molecular Analysis


The patient′s genomic DNA was extracted from circulating leukocytes using QIAampH DNA Blood Kit (QIAGEN Sciences, Germantown, MD, USA) according to the manufacturer′s instructions.



Comprehensive open reading frame/splice site mutational analysis of all ANKRD11 exons (16p24.3; GRCh38: chr16:89,267,618-89,490,560, 9301 bp) was performed through targeted resequencing, using a customised panel, Nextera technology (Illumina) or SeqCap EZ Choice Enrichment Kit (Roche), and analysed on a MiSeq sequencing platform or NextSeq550 (Illumina, San Diego, CA, USA).



All genetic variants detected in index cases were validated on re-extracted DNA by bidirectional Sanger sequencing, using the standard protocol with the BigDye Terminator v3.1 Cycle Sequencing Kit, separated on the ABI Prism 3130xl Genetic Analyzer (Applied Biosystem), and analysed by Mutation Surveyor DNA Variant Analysis Software (Softgenetics).



Potentially pathogenic rare variants (MAF  <  1%) were explored in the Ensembl genome browser (http://www.ensembl.org/, accessed on 1 February 2021), the 1000 Genomes Project, National Center for Biotechnology Information (NCBI, http://www.ncbi.nlm.nih.gov/, accessed on 1 February 2021), Exac Browser (http://exac.broadinstitute.org/, accessed on 1 February 2021) and gnomAD Browser (https://gnomad.broadinstitute.org/, accessed on 1 February 2021). Array-CGH (Comparative Genomic Hybridization) analysis at a resolution of 100 kb was performed in patients in which the molecular analysis of ANKRD11 was negative. Further information is available upon request.




2.1.2. Clinical Examination


Children and adolescents with KBGS were assessed by experienced developmental psychiatrists for mental disorders according to developmental history and extensive clinical examination. According to DSM-5 criteria, of the 24 children and adolescents, 6 presented borderline intellectual functioning, 6 presented mild ID, 5 presented mild/moderate ID, and the rest presented moderate ID. Only one child did not present ID, but received a diagnosis of developmental coordination disorder.



All individuals underwent a detailed evaluation directed to define cognitive profile and adaptive functioning.



Cognitive profile was assessed using the Italian version Wechsler Intelligence Scale for Children-Fourth Edition (WISC-IV) [21] and, for one individual, the Italian version of the Wechsler Adult Intelligence Scale-Fourth Edition (WAIS-IV) [22]. Both WISC-IV and WAIS-IV generate Full IQ, VCI, PRI, WMI, and PSI scores. VCI is an overall measure of the child′s ability to verbally reason, PRI reflects an individual′s ability to accurately interpret, organise and think with visual information, while WMI is a measure of working memory ability and PSI is a measure of processing speed. The Full-IQ and each index yield age-based standard scores (mean, M = 100, standard deviation, SD = 15).



Adaptive functioning was assessed using two of the most widely used scales, considered the gold standards to investigate the conceptual, social and practical domain to which DSM-5 refers: the VABS-II-SIF [23] and Italian version of Adaptive Behavior Assessment System-Second Edition Parent Form 5-21 [24].



VABS-II-SIF assesses adaptive functioning of individuals from birth to 90 years and 11 months through caregivers′ interviews, and yields three domain scores: Communication, Socialization and Daily Living Skills (the fourth Motor Skills domain is investigated only for children younger than 7 years). An overall Adaptive Behavior Composite score is also provided. The VABS-II-SIF Adaptive Behavior Composite and relative domains yield age-based standard scores (M = 100, SD = 15).



The ABAS-II 5-21 is a questionnaire that the caregivers complete for children, adolescents and young adults from 5 to 21 years. ABAS-II 5-21 yields three specific domain scores (Conceptual, Social, and Practical) and an overall General Adaptive Composite. Domains have age-based standard scores (M = 100, SD = 15).



Although we used different tools for the adaptive functioning, it was possible to combine the scores referring to similar domains. Indeed, in a study reported in the manual of the Vineland II Italian version [23], the correlations between VABS-II-SIF and ABAS-II 5-21 were run. The correlations between similar domains were high (between 0.60 and 0.74): Communication correlated significantly and positively with the Conceptual domains (r = 0.68), Socialization correlated significantly and positively with the Social domains (r = 0.60) and Daily Living Skills correlated significantly and positively with the Practical domains (r = 0.74). In addition, the correlation between Adaptive Behavior Composite score of VABS-II-SIF and General Adaptive Composite (hereinafter in the text: Full-Adaptive Scale), was 0.78.



Table 1 depicts demographic features (age, gender), cognitive abilities (Full-IQ, Verbal Comprehension Index (VCI), Perceptual Reasoning Index (PRI), Working Memory Index (WMI), Processing Speed Index (PSI)), and adaptive behaviours (Full-Adaptive Scale, Communication, Socialization, Daily Living Skills).





2.2. Statistical Analysis


Descriptive statistics (mean, min–max, SD and confidence interval at 95%) were calculated for scores of cognitive abilities as well as those related to adaptive behaviour.



To detect strengths and weaknesses within subcomponents of cognitive abilities in children and adolescents with KBGS, a multivariate analysis of variance (MANOVA) was conducted with Wechsler scale indexes (VCI, PRI, WMI, PSI) as within-subject factors. Further, to explore strengths and weaknesses within adaptive functioning in KBGS, the same statistical analysis was used to test differences between the domains of adaptive behaviour scale (Communication, Daily living skills, Socialization).



Delta (Δ) between scores of each index (VCI, PRI, WMI, PSI) and Full-IQ were calculated (respectively, ΔVCI = VCI − Full-IQ, ΔPRI = PRI − Full-IQ, ΔWMI = WMI − Full-IQ, ΔPSI = PSI − Full-IQ). To verify the supremacy of verbal comprehension abilities compared to the general cognitive abilities, a MANOVA was conducted with Δ scores of each index (ΔVCI, ΔPRI, ΔWMI, ΔPSI) as within-subject factors.



Post hoc analyses were performed using Fisher′s LSD test. Partial eta square (ηp2) has been reported as an effect size measure. A p value of less than 0.05 was considered as statistically significant.



To investigate the supremacy of verbal comprehension abilities compared to the other Wechsler indexes from a more clinical perspective, the statistical differences between VCI and PRI, WMI, PSI (VCI vs. PRI; VCI vs. WMI; VCI vs. PSI) in our cohort and those of the general population were counted per individual according to the significance tables from the normative data manual [21,22]. The percentage (%) of individuals who showed at least one significant discrepancy between indexes (VCI vs. PRI; VCI vs. WMI; VCI vs. PSI) was calculated.





3. Results


3.1. Molecular Results


Genetic variants identified in our patients are shown in Table 2. All mutations affected the C-terminal region at exon 9 of ANKRD11, except one mutation affecting exon 10 of the gene and two small 16q24.3 microdeletions involving ANKRD11 without affecting adjacent genes that were detected by array-CGH analysis in single individuals. The mutations included 16 frameshift, 5 nonsense and 1 missense mutation. Microdeletions and 19 of the 22 intragenic mutations were novel. In one case, the pathogenic variant had been inherited from the affected mother. In four families, unaffected parents were not available for analysis (Table 2). Further details on relevant medical features of our cohort are reported in Table S1 (see Supplementary Materials).




3.2. Cognitive Abilities and Adaptive Behavior


Descriptive statistics for cognitive abilities of our cohort are depicted in Table 3. The results of the MANOVA revealed significant differences between the indexes of Wechsler scales (F3,69 = 4.83, p = 0.004, ηp2 = 0.17). As shown in Figure 1 (panel a), the mean score of VCI was significantly higher than those of the PRI (p = 0.013), WMI (p = 0.001) and PSI (p = 0.003). No other significant differences were documented (PRI vs. WMI: p = 0.40; PRI vs. PSI: p = 0.58; WMI vs. PSI: p = 0.77).



Concerning Δ scores of each index, the results of the MANOVA were found to be significant (F3,69 =4.83, p = 0.004, ηp2 = 0.17). Namely, the mean Δ score of VCI was seen to be significantly higher than the Δ scores of the other indexes (ΔVCI vs. ΔPRI: p = 0.013, ΔVCI vs. ΔWMI: p = 0.001, ΔVCI vs. ΔPSI: p = 0.003). No additional differences between Δ scores were observed (all comparisons p > 0.10) (see Figure 2).



Descriptive statistics for adaptive behaviour in our children and adolescents with KBGS are depicted in Table 4. No differences between the domains of adaptive behaviour scale (F2,46 = 1.45, p = 0.25, ηp2 = 0.06) were found (Figure 1b).



Statistical Differences between VCI and Other Index


In accordance with the significance tables from the normative data manual, we found that almost 30% of our sample presented statistical differences between VCI and at least one of the remaining indexes (PRI, WMI, PSI). Please refer to Table 5.






4. Discussion


Our overarching goal was to characterise patterns of cognitive profile and adaptive behaviour in a clinically characterised cohort of 24 children and adolescents with KBGS in which a clinical diagnosis was confirmed by molecular testing, with the detection of 22 pathogenic variants in ANKRD11 gene and two 16q24 microdeletions encompassing the ANKRD11 gene, entirely. To the best of our knowledge, the current study first revealed a heterogeneous profile within subcomponents of cognitive abilities tested by Wechsler scales′ indexes and a flat-trend in the domains of adaptive functioning tested by “gold standard” measures for clinical routines.



Concerning cognitive profile, our cohort documented a wide variability of intellectual levels (from severely below average to normal range) with a mean score of Full-IQ falling around 2 SDs below average. Specifically, 25% of children and adolescents with KBGS presented a Full-IQ below 3 SDs compared to the control population, and 33% between −3 and −2 SDs below the mean. Only 9% of the tested cohort showed Full-IQ scores above −1 SD. These findings confirm previously collected data indicating a high variability of intellectual levels in individuals with KBGS [5,13,15,16,17].



Even if Full-IQ is usually informative of global intellectual functioning, from a clinical point of view, it is also crucial to investigate the four index scores (VCI, PRI, WMI, and PSI) related to the broad cognitive abilities, each of which contributes equally to determine the global intellectual functioning. Intriguingly, as predicted, a more in depth exploration of these indexes showed higher scores in VCI compared to PRI, WMI, PSI. When comparing the differences of each broad cognitive index from Full-IQ (ΔVCI, ΔPRI, ΔWMI, ΔPSI), a spike emerged only in the score of VCI, since the mean score deviated around 1 SD above the average score of Full-IQ. Surprisingly, when comparing to normative data of general population, 30% of our cohort presented a statistical difference between VCI and at least one of the remaining indexes. In sum, although our cohort of children and adolescents with KBGS presented a below-average intellectual level, strong verbal comprehension abilities were documented.



When considering cognitive abilities, our data are partially discordant to previous studies. Indeed, the mean Full-IQ score of our cohort is in line with the previous findings [14,18]. While different from what was reported by van Dongen and colleagues [14], we did not observed a flat-trend among verbal comprehension, perceptual reasoning, working memory and speed of information processing abilities. Comparing our results to the latter study is difficult, due to dissimilarities between the design of the tools used as well as to the intelligence models at the basis of them (WISC-III, two-factor intelligence model [28,29] vs. WISC-IV/WAIS-IV, Cattell–Horn Carroll Theory of Cognitive Abilities [30]).



Concerning adaptive functioning, mean scores across domains were observed to fall over 2 SDs below the average, showing overall impaired adaptive behaviours. Specifically, 35% of children and adolescents with KBGS presented a Full-Adaptive Scale below 3 SDs from the mean, 39% between −3 SDs to −2 SDs below the mean, and only 4% of the tested subjects had scores above −1 SD. In our sample, the majority of patients (74%) showed a significant impairment (at least −2 SDs below the mean) in adaptive functioning. While considering only Full-IQ, the same impairment was present only in 58% of patients. This again underlines the importance of ensuring a detailed clinical examination to better define degrees of global severity for each patient. Exploring domains of adaptive behaviour, the results confirm our exploratory hypotheses showing a flat-trend. Although significant differences did not emerge, the communication domain resulted slightly lower than daily living skills and socialization domains. This finding was aligned to a previous study [12], which described adaptive skills in two patients. In this small study, the authors revealed severe impairments in written and narrative communication abilities despite the relative strength in domestic and socialization skills. Surprisingly, our data indicate a high VCI score in Wechsler Scales that apparently does not match with the communication domain in the adaptive profile, which appeared to be more compromised. This result is difficult to interpret and deserves to be explored in a larger sample and by a deeper neuropsychological assessment.



The distribution of diagnosis of ID in our cohort was partially discordant with those reported in a previous work [14] documenting a lower proportion of patients with moderate ID. This imbalance of ID distribution between our study and that of van Dongen [14] could be related to the influence of adaptive behaviour in determining the degree of ID. In fact, taking together intellectual levels and adaptive behaviour, according to the diagnostic criteria of DSM-5 [19], the clinical diagnosis of ID followed this distribution in our patients: 29% presented from normal to borderline intellectual functioning, 25% presented Mild ID, and 46% presented from Mild/Moderate ID to Moderate ID.



Even if focusing on Full-IQ and Full-Adaptive Scale drives clinicians in the diagnostic process, observing strengths and weaknesses of both cognitive profile and adaptive functioning is equally important in this rare syndrome. This allows researchers to better characterise the cognitive phenotype and helps clinicians to set up highly specific rehabilitative treatments and ad hoc supports. The importance of an in-depth cognitive and adaptive characterization was already emphasised in other rare syndromic conditions (i.e., Williams syndrome, Down syndrome). For example, considering cognitive abilities of individuals with Williams syndrome, they typically show a clear strength in language, and an extreme weakness in visuospatial construction. The adaptive behaviour profile seems to be characterised by clear strength in socialization skills, strength in communication, and clear weakness in daily living and motor skills [31]. Instead, considering Down syndrome, studies focusing on the cognitive characteristics reveal relative weaknesses in expressive language, syntactic/grammar processing, verbal working memory [32], and fewer adaptive behavioural problems than those of individuals with other intellectual disabilities [33].



By looking at the results of our cohort, we can speculate that if neuropsychiatric team assesses a patient with high verbal comprehension abilities and flat adaptive behaviour in all domains in addition to some physical characteristics [11], they could assume to perform a genetic deepening for KBGS. Of importance, the need to better define components of the cognitive abilities and adaptive behavior for the study of genotype/phenotype correlations in KBGS is stressed here.



One limitation of this study is the lack of a control group: our analyses focused on comparisons with normative data. Future studies should be designed to include a control group and enlarge the sample size to obtain more consistent data and to better characterise the cognitive profile in KBGS. Further studies should follow the evolution and relation of cognitive and adaptive abilities longitudinally, in order to delineate the developmental trend of this rare genetic condition.



Summing up, our findings stressed the importance of meticulously evaluating children and adolescents with KBGS following two simultaneous clinical approaches. On one hand, professionals could follow an analytic approach, aiming at carefully investigating cognitive and adaptive abilities considering general but also subcomponents as indexes or domains. Indeed, at first glance, if only Full-IQ was considered, our sample would have presented a mild cognitive impairment. Deeper focusing on each index allowed us to delineate both strengths and weakness, otherwise hidden from a general cognitive ability.



On the other hand, clinicians should focus not only on intellectual level but also on adaptive functioning, to determine the degree of ID according to DSM-5 criteria. Indeed, we recommend the assessment of adaptive functioning, also when Full-IQ is not below the average.



Overall, if future studies with larger sample sizes will confirm heterogeneous profile, we think that extensive observation of different cognitive patterns (i.e., verbal comprehension abilities, perceptual reasoning, working memory abilities and speed of information processing), could potentially represent a diagnostic aid for clinical use in KBGS, as previously reported for other features [11].



In conclusion, our in-depth cognitive and adaptive characterization drives professionals to set the best clinical supports, capturing the complexity and heterogeneity of this rare condition.








Supplementary Materials


The following are available online at https://www.mdpi.com/article/10.3390/jcm10071523/s1. Table S1. Prevalence of uncommon clinical features in the present series of KBG syndrome patients.





Author Contributions


Conceptualization, P.A. and S.V.; methodology, G.L., D.M.; formal analysis, G.L., D.M.; investigation, F.C., C.C., V.P., G.L.; data curation, C.C., F.C., G.L., V.P.; writing—original draft preparation, G.L., C.C., P.A., M.L.D., M.G.; writing—review and editing, M.T., A.N., G.Z.; supervision, P.A., F.D., M.C.D., S.V. All authors have read and agreed to the published version of the manuscript.




Funding


This research received no external founding.




Institutional Review Board Statement


The study was conducted according to the guidelines of the Declaration of Helsinki, and approved by IRCCS Ospedale Pediatrico Bambino Gesù (protocol code 1094_OPBG 1940/2019 03-07-2019, Protocol number 1094, on 3 July 2019).




Informed Consent Statement


Informed consent was obtained from all parents prior to participation and after receiving a comprehensive description of the study. The study was performed in accordance with the Declaration of Helsinki (1964), as revised in 2008, and was approved by the local ethical committee.




Data Availability Statement


The data that support the findings of this study are available on request from the corresponding author. The data are not publicly available due to privacy or ethical restrictions.




Acknowledgments


We would like to thank all the patients and families for their kind participation in the study.




Conflicts of Interest


The authors declare no conflict of interest.




References


	



Sirmaci, A.; Spiliopoulos, M.; Brancati, F.; Powell, E.; Duman, D.; Abrams, A.; Bademci, G.; Agolini, E.; Guo, S.; Konuk, B.; et al. Mutations in ANKRD11 cause KBG Syndrome, characterized by intellectual disability, skeletal malformations, and macrodontia. Am. J. Hum. Genet. 2011, 89, 289–294. [Google Scholar] [CrossRef] [PubMed]

	



Willemsen, M.H.; A Fernandez, B.; A Bacino, C.; Gerkes, E.; De Brouwer, A.P.; Pfundt, R.; Sikkema-Raddatz, B.; Scherer, S.W.; Marshall, C.R.; Potocki, L.; et al. Identification of ANKRD11 and ZNF778 as candidate genes for autism and variable cognitive impairment in the novel 16q24.3 microdeletion syndrome. Eur. J. Hum. Genet. 2009, 18, 429–435. [Google Scholar] [CrossRef] [PubMed]

	



Isrie, M.; Hendriks, Y.; Gielissen, N.; A Sistermans, E.; Willemsen, M.H.; Peeters, H.; Vermeesch, J.R.; Kleefstra, T.; Van Esch, H. Haploinsufficiency of ANKRD11 causes mild cognitive impairment, short stature and minor dysmorphisms. Eur. J. Hum. Genet. 2011, 20, 131–133. [Google Scholar] [CrossRef] [PubMed]

	



Sacharow, S.; Li, D.; Fan, Y.S.; Tekin, M. Familial 16q24.3 microdeletion involving ANKRD11 causes a KBG-like syndrome. Am. J. Med. Genet. Part A 2012, 158, 547–552. [Google Scholar] [CrossRef]

	



Swols, D.M.; FosterII, J.; Tekin, M. KBG syndrome. Orphanet J. Rare Dis. 2017, 12, 183. [Google Scholar] [CrossRef]

	



Herrmann, J.; Pallister, P.D.; Tiddy, W.; Opitz, J.M. The KBG syndrome: A syndrome of short stature, characteristic facies, mental retardation, macrodontia and skeletal anomalies. Birth Defects Orig. Artic. Ser. 1975, 11, 7–18. [Google Scholar]

	



Smithson, S.F.; Thompson, E.M.; McKinnon, A.G.; Smith, I.S.; Winter, R.M. The KBG syndrome. Clin. Dysmorphol. 2000, 9, 87–91. [Google Scholar] [CrossRef]

	



Brancati, F.; Sarkozy, A.; Dallapiccola, B. KBG syndrome. Orphanet J. Rare Dis. 2006, 1, 50. [Google Scholar] [CrossRef]

	



Skjei, K.; Martín, M.; Slavotinek, A. KBG syndrome: Report of twins, neurological characteristics, and delineation of diagnostic criteria. Am. J. Med. Genet. Part A 2007, 143A, 292–300. [Google Scholar] [CrossRef]

	



Youngs, E.L.; Hellings, J.A.; Butler, M.G. ANKRD11 gene deletion in a 17-year-old male. Clin. Dysmorphol. 2011, 20, 170–171. [Google Scholar] [CrossRef]

	



Low, K.; Ashraf, T.; Canham, N.; Clayton-Smith, J.; Deshpande, C.; Donaldson, A.; Fisher, R.; Flinter, F.; Foulds, N.; Fryer, A.; et al. Clinical and genetic aspects of KBG syndrome. Am. J. Med. Genet. Part A 2016, 170, 2835–2846. [Google Scholar] [CrossRef]

	



Gnazzo, M.; Lepri, F.R.; Dentici, M.L.; Capolino, R.; Pisaneschi, E.; Agolini, E.; Rinelli, M.; Alesi, V.; Versacci, P.; Genovese, S.; et al. KBG syndrome: Common and uncommon clinical features based on 31 new patients. Am. J. Med. Genet. Part A 2020, 182, 1073–1083. [Google Scholar] [CrossRef]

	



Lo-Castro, A.; Brancati, F.; Digilio, M.C.; Garaci, F.G.; Bollero, P.; Alfieri, P.; Curatolo, P. Neurobehavioral phenotype observed in KBG syndrome caused byANKRD11mutations. Am. J. Med. Genet. Part B Neuropsychiatr. Genet. 2012, 162, 17–23. [Google Scholar] [CrossRef]

	



Van Dongen, L.C.M.; Wingbermühle, E.; Oomens, W.; Bos-Roubos, A.G.; Ockeloen, C.W.; Kleefstra, T.; Egger, J.I.M. Intellectual Profiles in KBG-Syndrome: A Wechsler Based Case-Control Study. Front. Behav. Neurosci. 2017, 11. [Google Scholar] [CrossRef]

	



Oegema, R.; Schot, R.; De Wit, M.C.Y.; Lequin, M.H.; Oostenbrink, R.; De Coo, I.F.; Mancini, G.M. KBG syndrome associated with periventricular nodular heterotopia. Clin. Dysmorphol. 2010, 19, 164–165. [Google Scholar] [CrossRef] [PubMed]

	



Walz, K.; Cohen, D.; Neilsen, P.M.; Foster, J.; Brancati, F.; Demir, K.; Fisher, R.; Moffat, M.; Verbeek, N.E.; Bjørgo, K.; et al. Characterization of ANKRD11 mutations in humans and mice related to KBG syndrome. Qual. Life Res. 2014, 134, 181–190. [Google Scholar] [CrossRef] [PubMed]

	



Goldenberg, A.; Riccardi, F.; Tessier, A.; Pfundt, R.; Busa, T.; Cacciagli, P.; Capri, Y.; Coutton, C.; Delahaye-Duriez, A.; Frebourg, T.; et al. Clinical and molecular findings in 39 patients with KBG syndrome caused by deletion or mutation ofANKRD11. Am. J. Med. Genet. Part A 2016, 170, 2847–2859. [Google Scholar] [CrossRef] [PubMed]

	



Van Dongen, L.C.; Wingbermühle, E.; Van Der Veld, W.M.; Vermeulen, K.; Bos-Roubos, A.G.; Ockeloen, C.W.; Kleefstra, T.; Egger, J.I. Exploring the behavioral and cognitive phenotype of KBG syndrome. Genes Brain Behav. 2018, 18, e12553. [Google Scholar] [CrossRef]

	



American Psychiatric Association. Diagnostic and Statistical Manual of Mental Disorders, 5th ed.; American Psychiatric Association: Washington, DC, USA, 2013. [Google Scholar]

	



Rapley, M. The Social Construction of Intellectual Disability; University Press: Cambridge, UK, 2004; p. 213. [Google Scholar]

	



Wechsler, D. Wechsler Intelligence Scale for Children, 4th ed.; Psychological Corporation: San Antonio, TX, USA, 2003. [Google Scholar]

	



Wechsler, D. Wechsler Adult Intelligence Scale, 4th ed.; NCS Pearson: San Antonio, TX, USA, 2008. [Google Scholar]

	



Balboni, G.; Belacchi, C.; Bonichini, S.; Coscarelli, A. Vineland-II, Vineland Adaptive Behavior Scales-II–Second Edition–Survey Interview Form; Giunti OS Organizzazioni Speciali: Firenze, Italy, 2016. [Google Scholar]

	



Ferri, R.; Orsini, A.; Rea, L. ABAS II Adaptive Behavior Assessment System, 2nd ed.; Giunti Psychometrics: Firenze, Italy, 2014. [Google Scholar]

	



Alfieri, P.; DeMaria, F.; Licchelli, S.; Santonastaso, O.; Caciolo, C.; Digilio, M.C.; Sinibaldi, L.; Leoni, C.; Gnazzo, M.; Tartaglia, M.; et al. Obsessive Compulsive Symptoms and Psychopathological Profile in Children and Adolescents with KBG Syndrome. Brain Sci. 2019, 9, 313. [Google Scholar] [CrossRef]

	



Ockeloen, C.W.; Willemsen, M.H.; De Munnik, S.; Van Bon, B.W.; De Leeuw, N.; Verrips, A.; Kant, S.G.; A Jones, E.; Brunner, H.G.; Le Van Loon, R.; et al. Further delineation of the KBG syndrome phenotype caused by ANKRD11 aberrations. Eur. J. Hum. Genet. 2014, 23, 1176–1185. [Google Scholar] [CrossRef]

	



Kim, H.J.; Cho, E.; Park, J.B.; Im, W.Y.; Kim, H.J. A Korean family with KBG syndrome identified by ANKRD11 mutation, and phenotypic comparison of ANKRD11 mutation and 16q24.3 microdeletion. Eur. J. Med. Genet. 2015, 58, 86–94. [Google Scholar] [CrossRef] [PubMed]

	



Sells, S.B.; Cattell, R.B. Personality and Motivation Structure and Measurement. Am. J. Psychol. 1958, 71, 620. [Google Scholar] [CrossRef]

	



Cattell, R.B. Abilities: Their structure, Growth and Action; Houghton Mifflin: Boston, MA, USA, 1971. [Google Scholar]

	



Carroll, J.B. The three-stratum theory of cognitive abilities. In Contemporary Intellectual Assessment: Theories, Tests, and Issues; Flanagan, D.P., Genshaft, J.L., Harrison, P.L., Eds.; Guilford Press: New York, NY, USA, 1997; pp. 122–130. [Google Scholar]

	



Mervis, C.B.; Klein-Tasman, B.P. Williams syndrome: Cognition, personality, and adaptive behavior. Ment. Retard. Dev. Disabil. Res. Rev. 2000, 6, 148–158. [Google Scholar] [CrossRef]

	



Silverman, W. Down syndrome: Cognitive phenotype. Ment. Retard. Dev. Disabil. Res. Rev. 2007, 13, 228–236. [Google Scholar] [CrossRef] [PubMed]

	



Chapman, R.S.; Hesketh, L.J. Behavioral phenotype of individuals with Down syndrome. Ment. Retard. Dev. Disabil. Res. Rev. 2000, 6, 84–95. [Google Scholar] [CrossRef] [PubMed]








[image: Jcm 10 01523 g001 550] 





Figure 1. Panel a, b Mean of standard scores in Wechsler scale (a) and domains of adaptive behaviour (b). VCI verbal comprehension index; PRI perceptual reasoning index; WMI working memory index; PRI processing speed index; ** p ≤ 0.01; *** p ≤ 0.001. 
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Figure 2. Δ Indexes of Wechsler Scale in our cohort of KBGS (KBG syndrome). Legend: ΔVCI: delta verbal comprehension index (VCI − Full-IQ); ΔPRI: delta perceptual reasoning index (PRI − Full-IQ); ΔWMI: delta working memory index (WMI − Full-IQ); ΔPSI: processing speed index (PSI − Full-IQ). ** p ≤ 0.01; *** p ≤ 0.001. 
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Table 1. Demographic features, cognitive abilities, and adaptive behaviour of studied cohort.
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N

	
Age

	
Gender

	
Wechsler Scale

	
Adaptive Scale




	
Full-IQ

	
VCI

	
PRI

	
WMI

	
PSI

	
Full-Adaptive Scale

	
COM

	
DLS

	
SOC






	
1

	
15.83

	
M

	
69

	
78

	
87

	
73

	
65

	
23

	
20

	
69

	
20




	
2

	
9.56

	
F

	
63

	
94

	
63

	
61

	
65

	
46

	
51

	
49

	
57




	
3

	
10.40

	
M

	
80

	
88

	
76

	
85

	
91

	
95

	
95

	
94

	
97




	
4

	
15.30

	
M

	
49

	
72

	
50

	
58

	
68

	
56

	
61

	
42

	
78




	
5

	
15.12

	
F

	
47

	
70

	
61

	
58

	
47

	
20

	
20

	
22

	
21




	
6

	
23.91

	
M

	
42

	
51

	
63

	
52

	
42

	
20

	
20

	
47

	
20




	
7

	
9.51

	
M

	
89

	
98

	
91

	
67

	
103

	
50

	
61

	
45

	
66




	
8

	
11.65

	
F

	
82

	
84

	
100

	
76

	
82

	
70

	
72

	
73

	
74




	
9

	
11.54

	
F

	
81

	
96

	
65

	
73

	
85

	
85

	
86

	
89

	
84




	
10

	
12.27

	
M

	
68

	
70

	
76

	
79

	
82

	
67

	
72

	
75

	
66




	
11

	
8.99

	
F

	
57

	
86

	
52

	
70

	
59

	
73

	
83

	
61

	
82




	
12

	
14.0

	
F

	
48

	
64

	
52

	
64

	
65

	
27

	
45

	
55

	
20




	
13

	
7.24

	
M

	
71

	
76

	
71

	
46

	
82

	
52

	
49

	
65

	
60




	
14

	
13.58

	
M

	
76

	
92

	
74

	
79

	
82

	
81

	
83

	
85

	
87




	
15

	
13.75

	
M

	
43

	
58

	
71

	
46

	
47

	
35

	
36

	
47

	
56




	
16

	
10.83

	
F

	
84

	
124

	
74

	
88

	
56

	
74

	
93

	
58

	
72




	
17

	
8.0

	
M

	
77

	
88

	
102

	
67

	
67

	
67

	
77

	
98

	
81




	
18

	
10.42

	
F

	
66

	
76

	
58

	
88

	
79

	
67

	
54

	
41

	
60




	
19

	
6.1

	
F

	
90

	
112

	
87

	
85

	
79

	
70

	
74

	
84

	
90




	
20

	
17.33

	
M

	
58

	
69

	
65

	
63

	
75

	
72

	
36

	
98

	
97




	
21

	
9.0

	
M

	
58

	
68

	
74

	
62

	
58

	
66

	
63

	
84

	
67




	
22

	
12.4

	
M

	
57

	
78

	
65

	
64

	
59

	
67

	
64

	
83

	
68




	
23

	
14.0

	
F

	
42

	
58

	
56

	
58

	
53

	
59

	
66

	
58

	
74




	
24

	
7.0

	
M

	
79

	
72

	
87

	
91

	
85

	
n.a.

	
n.a.

	
n.a.

	
n.a.








Legend: M, male; F, female; Full-IQ, full intelligence quotient; VCI, Verbal Comprehension Index; PRI, Perceptual Reasoning Index; WMI, Working Memory Index; PSI, Processing Speed Index; COM, Communication; DLS, Daily Living Skills; SOC, Socialization; n.a., not available.













[image: Table] 





Table 2. List of ANKRD11 variants identified in our cohort/Genotypic summary of our KBG patients.
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Subject

	
Genomic Coordinate

	
Nucleotide Position

	
Protein Position

	
Exon

	
dbSNP

	
gnomAD

	
Mutation Type

	
ClinVar ID

	
Segregation

	
ACMG Classification

	
Reference






	
1

	
chr16:89350973

	
c.1977C > G

	
p.Tyr659 *

	
9

	
rs749201074

	
-

	
nonsense

	
489328

	
de novo

	
Pathogenic

	
[12]




	
2

	
chr16:89350772

	
c.2175_2178delCAAA

	
p.Asn725Lysfs * 23

	
9

	
rs886039734

	
0.000003993

	
frameshift

	
265689

	
de novo

	
Pathogenic

	
[12]




	
3

	
chr16:89347745

	
c.5205delC

	
p.Val1736Cysfs * 227

	
9

	
-

	
-

	
frameshift

	
-

	
de novo

	
Pathogenic

	
[12]




	
4

	
chr16:89345758

	
c.7192C > T

	
p.Gln2398 *

	
9

	
rs1265287370

	
-

	
nonsense

	
-

	
de novo

	
Pathogenic

	
[12]




	
5

	
chr16:89350538

	
c.2412delA

	
p.Glu805Lysfs * 58

	
9

	
rs886039902

	
-

	
frameshift

	
-

	
maternal (affected mother)

	
Pathogenic

	
[12]




	
6

	
chr16:89346866

	
c.6071_6084del14

	
p.Pro2024Argfs * 3

	
9

	
-

	
-

	
frameshift

	
-

	
de novo

	
Pathogenic

	
This study




	
7

	
chr16:89345534

	
c.7416C > G

	
p.Tyr2472 *

	
9

	
-

	
-

	
nonsense

	
-

	
de novo

	
Pathogenic

	
[12]




	
8

	
chr16:89349179

	
c.3770_3771delAA

	
p.Lys1257Argfs * 25

	
9

	
rs886039477

	
-

	
frameshift

	
265324

	
de novo

	
Pathogenic

	
[12]




	
9

	
chr16:89348560

	
c.4389_4390delGA

	
p.Lys1464Thrfs * 89

	
9

	
rs1597451815

	
-

	
frameshift

	
817640

	
de novo

	
Pathogenic

	
[26]




	
10

	
chr16:89283689

	
chr16:89283689_89572450 deletion

	
entire gene

	
-

	
-

	
microdeletion

	
-

	
de novo

	
Pathogenic

	
[12]




	
11

	
chr16:89351043

	
c.1903_1907delAAACA

	
p.Lys635Glnfs * 26

	
9

	
rs886041125

	
-

	
frameshift

	
279678

	
de novo

	
Pathogenic

	
[26]




	
12

	
chr16:89351664

	
c.1285_1286delTC

	
p.Ser429Glyfs * 8

	
9

	
rs1597465419

	
-

	
frameshift

	
633543

	
de novo

	
Pathogenic

	
[12]




	
13

	
chr16:89351043

	
c.1903_1907delAAACA

	
p.Lys635Glnfs * 26

	
9

	
rs886041125

	
-

	
frameshift

	
279678

	
de novo

	
Pathogenic

	
[26]




	
14

	
chr16:89350772

	
c.2175_2178delCAAA

	
p.Asn725Lysfs * 23

	
9

	
rs886039734

	
0.000003993

	
frameshift

	
265689

	
de novo

	
Pathogenic

	
[12]




	
15

	
chr16:89350549

	
c.2398_2401delGAAA

	
p.Glu800Asnfs * 62

	
9

	
rs797045027

	
-

	
frameshift

	
209131

	
de novo

	
Pathogenic

	
[27]




	
16

	
chr16:89347238

	
c.5712_5713insT

	
p.Gly1905Trpfs * 45

	
9

	
-

	
-

	
frameshift

	
-

	
parents not tested

	
Pathogenic

	
This study




	
17

	
chr16:89283689

	
chr16:89283689_89559189 deletion

	
entire gene

	
-

	
-

	
microdeletion

	
-

	
de novo

	
Pathogenic

	
This study




	
18

	
chr16:89347806

	
c.5144dupA

	
p.Tyr1715 *

	
9

	
-

	
-

	
nonsense

	
-

	
de novo

	
Pathogenic

	
This study




	
19

	
chr16:89349641

	
c.3309dupA

	
p.Asp1104Argfs * 2

	
9

	
rs772267579

	
0.000007970

	
frameshift

	
812782

	
de novo

	
Pathogenic

	
[12]




	
20

	
chr16:89348452

	
c.4498C > T

	
p.Gln1500 *

	
9

	
-

	
-

	
nonsense

	
-

	
parents not tested

	
Pathogenic

	
[12]




	
21

	
chr16:89351566

	
c.1381_1384delGAAA

	
p.Glu461Glnfs * 48

	
9

	
rs1597464953

	
-

	
frameshift

	
633578

	
parents not tested

	
Pathogenic

	
[17]




	
22

	
chr16:89349356

	
c.3591_3594delAAAA

	
p.Lys1198Argfs * 119

	
9

	
-

	
-

	
frameshift

	
-

	
de novo

	
Pathogenic

	
This study




	
23

	
chr16:89351566

	
c.1381_1384delGAAA

	
p.Glu461Glnfs * 49

	
9

	
rs1597464953

	
-

	
frameshift

	
633578

	
parents not tested

	
Pathogenic

	
[17]




	
24

	
chr16:89341503

	
c.7567C > T

	
p.Arg2523Trp

	
10

	
-

	
-

	
missense

	
-

	
de novo

	
Likely pathogenic

	
This study
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Table 3. Cognitive abilities of children and adolescents with KBG syndrome.
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	Wechsler Indexes
	Mean
	Min–Max
	SD
	CI 95%





	Full-IQ
	65.67
	42–90
	15.44
	12.00–21.66



	Verbal Comprehension Index
	80.08
	51–124
	17.14
	13.32–24.04



	Perceptual Reasoning Index
	71.67
	50–102
	14.64
	11.38–20.54



	Working Memory Index
	68.88
	46–91
	13.05
	10.14–18.31



	Processing Speed Index
	69.83
	42–103
	15.52
	12.07–21.78
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Table 4. Adaptive behaviour of children and adolescents with KBG syndrome.
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	Mean
	Min–Max
	SD
	CI 95%





	Full-Adaptive Scale
	58.35
	20–95
	21.14
	16.35–29.92



	Communication domain
	60.04
	20–95
	22.66
	17.53–32.08



	Daily Living Skills domain
	66.17
	22–98
	20.96
	16.21–29.66



	Socialization domain
	65.09
	20–97
	23.99
	18.56–33.96










[image: Table] 





Table 5. Statistical differences between verbal comprehension index and the remaining indexes of Wechsler scales per each individual in our cohort compared to normative data of general population.
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N

	
VCI vs. PRI

	
VCI vs. WMI

	
VCI vs. PSI




	
Delta

	
p Value

	
Delta

	
p Value

	
Delta

	
p Value






	
1

	
−9

	
0.26

	
5

	
0.37

	
13

	
0.24




	
2

	
31

	
0.01 **

	
33

	
0.02 *

	
29

	
0.06




	
3

	
12

	
0.20

	
3

	
0.42

	
−3

	
0.44




	
4

	
22

	
0.06

	
14

	
0.19

	
4

	
0.41




	
5

	
9

	
0.26

	
12

	
0.22

	
23

	
0.10




	
6

	
−12

	
0.20

	
−1

	
0.48

	
9

	
0.31




	
7

	
7

	
0.32

	
31

	
0.02 *

	
−5

	
0.39




	
8

	
−16

	
0.13

	
8

	
0.31

	
2

	
0.40




	
9

	
31

	
0.01 **

	
23

	
0.08

	
11

	
0.25




	
10

	
−6

	
0.34

	
−9

	
0.28

	
−12

	
0.25




	
11

	
34

	
0.01 **

	
16

	
0.15

	
27

	
0.07




	
12

	
12

	
0.20

	
0

	
0.50

	
−1

	
0.48




	
13

	
5

	
0.36

	
30

	
0.03 *

	
−6

	
0.37




	
14

	
18

	
0.10

	
13

	
0.20

	
10

	
0.29




	
15

	
−13

	
0.18

	
12

	
0.22

	
11

	
0.27




	
16

	
50

	
0.00 ***

	
36

	
0.01 **

	
68

	
0.01 **




	
17

	
−14

	
0.16

	
21

	
0.09

	
21

	
0.13




	
18

	
18

	
0.10

	
−12

	
0.22

	
−3

	
0.44




	
19

	
25

	
0.04 *

	
27

	
0.04 *

	
33

	
0.04 *




	
20

	
4

	
0.39

	
6

	
0.35

	
−6

	
0.37




	
21

	
−6

	
0.34

	
6

	
0.35

	
10

	
0.29




	
22

	
13

	
0.18

	
14

	
0.19

	
19

	
0.15




	
23

	
2

	
0.44

	
0

	
0.50

	
5

	
0.39




	
24

	
−15

	
0.14

	
−19

	
0.12

	
−13

	
0.24








* p < 0.05; ** p ≤ 0.01; *** p ≤ 0.001.
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