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Linguistic skills in Italian children
with chromosome 14 aberrations

Laura D’Odorico*, Simona Giovannini°, Marinella Majorano**, Paola Martinelli***, Laura Zampini*
Summary The aim of this study is to describe the communicative and linguistic skills of children with chromosome 14 aberrations. Special attention is given to children with ring 14 syndrome. The few studies focused on this syndrome have highlighted the wide phenotypic variability; however, no information on the possible linguistic outcomes of these children has yet been given. The participants of this study were 12 Italian children (6 males and 6 females) ranging in age from 5 to 15 years and recruited by the Ring 14 International Association. Participant’s spontaneous linguistic production was elicited during a free-play session in interaction with a trained observer. Data analyses on phonological, lexical and syntactic development show a broad individual variability. Results are discussed in relation to the genetic and neurological differences among participants.
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Introduction

Ring 14 syndrome: clinical aspects

Ring 14 syndrome is a rare condition that was described for the first time by Gilgenkrantz et al., in 1971, and only recently has there been any attempt at a better clinical and genetic definition (Zollino et al., 2009). Affected individuals present a characteristic ring-shaped rearrangement of one chromosome 14, generally associated to a deletion of a variable amount of chromosome 14-specific genetic material, in particular affecting the region of the 14q terminal (for a review see van Karnebeek et al., 2002; Zollino et al., 2009). 
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Already from the first cases, a precise association between the presence of this particular chromosomal rearrangement and a defined syndromic condition was immediately recognized; however, a recent study conducted by Zollino et al. (2009) on 20 patients with ring 14 and 9 patients with chromosome 14 deletions also showed there is broad phenotypic variability.

This variability also emerged from the extensive literature on more widespread genetic syndromes, such as Down syndrome (Jarrold, Baddeley and Hewes, 2000; Seung and Chapman, 2000), Williams syndrome (Klein and Mervis, 2000) and the Fragile X Syndrome (Abbeduto and Hagerman, 1997), and it is connected to the complexity of the genetic interaction between biological and contextual factors. In the expression of the genetic damage, this variability appears of particular relevance to understand the different pictures of gravity often observed in apparently homogeneous etiological conditions. The data available to date shows that the most common clinical manifestations are delay in psychomotor and linguistic delay (Bowser Riley et al., 1981; Matalon et al., 1990), epileptic seizures, ocular anomalies, often affecting the retina, microcephaly (van Karnebeek et al., 2002), specifically in relation to individuals with ring 14.

Epilepsy is a frequent clinical sign and often has an early onset in the first months of life, occurring in generalized or partial seizures with a complex semiology and a suspected frontotemporal origin. The epilepsy in these children can be hard to control pharmacologically, or it can take on an irregular course, with long periods marked with frequent seizures, often clustered, alternating with periods without seizures; moreover episodes of grand mal seizures are not rare (Morimoto et al., 2003; Ono et al., 1999; Shirasaka et al., 1992; Zelante et al., 1991; Zollino et al., 2009).

As reported in literature (Zollino et al., 2009), the most common phenotypic characteristics found include a flat occipital bone, high and bulging forehead and with a prominence of the metopic suture, slight ptosis, epicanto, prolonged facies, nose with a broad base, a rounded tip and antiversion nostrils, ears with a low implantation with a voluminous lobe and prominent antihelix, microretrognathia and short neck; more rarely lymph oedema has been found to affect the backs of hands and feet. Endothoracic and endoabdominal organs are usually developed normally. Hyperpigmented dyschromias are frequently found on the skin, with spotting. An immunoglobulin defect justifies the high risk of respiratory infections and, probably also gastrointestinal disturbances. These systems are often accompanied by other clinical signs like hypotonia and skeletal abnormalities at a varied frequency.

These children can also present hyperactivity, behaviour problems and autistic traits, such as the tendency toward isolation, motor stereotypes and limited interests at a variable rate over time (Zollino et al., 2009).


Most of the phenotypic characteristics can also be found in children with linear terminal deletions in chromosome 14, with the exception of epilepsy and retinal pigmentary anomalies, which seem to distinguish ring 14 syndrome.

Although reported as compromised, along with mental retardation of variable significance relating to language development, no studies to date have specifically focalized on the analyses of the communication and language skills of children characterized by the two prevalent forms of chromosome 14 anomalies (linear deletion and ring rearrangement).

The aim of this study is to provide a first description of the linguistic characteristics of children with chromosome 14 aberrations, something that a review of literature appears not to have been thoroughly investigated nationally or internationally. Given the clinical evidence on the broad variability of phenotypic signs, which make the construction and relative analyses of a homogeneous group of children rather difficult, this work uses a case by case analysis method, describing various components of language skills, based on the age of the child and the type of chromosome 14 aberration found. It is hypothesised that said genetic differences can correspond to different language and communication characteristics (Zollino et al., 2009).
Method


Participants


Twelve Italian children participated in the study, 6 boys and 6 girls between the ages of 5 years and 15 years and 10 months, with chromosome 14 aberrations (8 with deletion and 4 with ring 14), contacted through the Ring 14 Association. The outcome of the clinical-genetic evaluation, comprehensive diagnostic tests (electroencephalogram, encephalic magnetic resonance [MRI], specific genetic-molecular test), and the outcomes of the cognitive development level assessment (CPM – Raven, 1947) and any presence of autistic traits (ADOS – Lord, Rutter, DiLavore and Risi, 1999) are reported in Table 1.

Procedure


The samples of spontaneous language used in this study were elicited using the first 32 images from the PFLI Test (Bortolini, 1995) or 4 free-play settings as per the ALB protocol (Olswang et al., 1987): every child was asked to describe what they say in the PFLI image or was asked to pay with the “farm”, “dolls”, “pots and pans” and “cars”. Every child was observed at home and the sessions were videotaped. The average length of the session was 13 minutes. Every session was transcribed with an IPA.
Table 1. Description of the participants
	Name
	Age
(years; months)
	Sex
	Genetics
	CMM mental age
(years; months)
	ADOS
	Neurological aspects associated (Epilepsy/MRI)

	DMR
	05;00
	F
	Deletion
	Unassessablea
	Autism
	No epilepsy/MRI: no data

	DMT
	05;00
	F
	Deletion
	Unassessablea
	Autism
	No epilepsy/widespread thinning of the corpus callosum

	LL
	05;04
	M
	Deletion
	Unassessablea
	No clinical signs of autismb
	Well controlled epileptic seizures in the first year of life/slight thinning of the corpus callosum

	BF
	06;06
	F
	Deletion
	Unassessablea
	No clinical signs of autismb
	No epilepsy/slight hypoplasia of the corpus callosum; right opercularization deficiency

	AS
	07;00
	M
	Deletion
	07;00
	No clinical signs of autismb
	No epilepsy/MRI normal

	CG
	10;03
	F
	Deletion
	Unassessablea
	Clinical signs of autismc
	No epilepsy/Agenesia of the corpus callosum, colpocephaly of the lateral ventricles

	SF
	15;00
	M
	Deletion
	< 03;00
	No autism spectrum
	No epilepsy/MRI normal

	FE
	15;10
	F
	Deletion
	07;06
	No clinical signs of autismb
	Drug-controlled epilepsy/MRI normal

	RM
	08;01
	M
	Ring
	Unassessablea
	Clinical signs of autismc
	Drug-resistant partial epilepsy/MRI normal

	GG
	10;07
	M
	Ring
	04;03
	Autism
	Drug-resistant partial epilepsy/Slight hypoplasia of the cerebellar vermis

	FS
	12;01
	F
	Ring
	06;00
	No clinical signs of autismb
	Complex partial epilepsy until age 5; absent until age 10/currently no epilepsy/slight hypoplasia of the white substance

	RJ
	15;03
	M
	Ring
	03;06
	Spectrum autism
	Partial epilepsy with sporadic seizures in adolescence/cerebral hypoplasia of the white substance; dysmorphic corpus callosum


a Does not include the task
b No clinical evidence has been found to suspect the presence of any autism spectrum.
c Characteristic clinical signs are present of autism spectrum, but it was impossible to administer the ADOS.

Code

The following indices were codified:


Phonetic-phonological domain

· Phonetic inventory: number of sounds generated with at least 3 occurrences in different positions. 
· Correctness: number of phonologically correct words.

Lexical domain

· Number of tokens: total number of words generated.

· Number of types: number of words with a different root.

Morphosyntactic domain

· Total number of utterances per minute.
· Average length of the utterance: number of tokens/total number of utterances.

Results


Cases with chromosome 14 deletions

In these cases there were no signs of epilepsy with the exception of the cases of LL and FE, although the epilepsy had a low frequency of critical events and was easily controlled pharmacologically.


The language capacity was limited to preverbal utterances in the 3 smallest children (BG and the twins DMT and DMR) and in CG, who was older (10 years old), who presents an anatomical level of complete agenesia of the corpus callosum. 

However, in the cases of AS and LL, verbal language was present. In particular, during the observation, AS showed a certain ease at speaking (9 utterances/min), generating 76 different words; his phonological skills were also rather good (correctly pronouncing 87% of the words generated). Regarding syntax, the average length of the utterance was 2.7 words and the sentences generated showed the beginning of argumental verbal structure, with use in some cases of functors (i.e. “i signoe beve”; “bambina coglie i fiori”(girl picks flowers)), even though more primitive utterances of a single word were present (i.e “pesca”(fish); “dorme”(sleeps)).

Even LL generated a good number of verbal utterances (10.2/min), during which 63 different words were said; his phonological development was less advanced compared to AS in that only 1% of the words were pronounced correctly, plus many types of consonants were absent (fracatives, affricates and velar sounds). The average length of the utterance was of 1.43 words, the structures generated were prevalently monothematic, made up of nouns (i.e. “bimbo” (baby); “etta” for “forchetta” or composed of at most two verb+noun elements (i.e. “ewe apa” instead of “beve l’acqua”).

The two older cases, FE and SF, both age 15, present two opposite pictures. FE, who has now developed an acceptable level of linguistic competence, generated 148 different words during the observation, all correctly, and has a complete phonological inventory. The average length of utterance is of 3.64 words and her syntax skills, now well acquired, are of the subject+verb+object type (i.e. “la bambina sta chiedendo una mela” (the girl is asking for an apple); “il signore sta pescando un pesce” (the man is fishing a fish)). Whereas SF only generated 9 different words (i.e. “tata”, “ado” for “siedo”), his phonological inventory is composed of only anterior occlusive and nasal sounds and he does not generate combinations of several words.

Cases of chromosome 14 rearrangements 


All cases that present this type of aberration have experienced epilepsy, of episodes more or less prolonged over time, as shown in Table 1.

The case of FS had a tumultuous onset of epilepsy with partial seizures grouped in clusters; at about age 2 she had no seizures for 8 months, during which time her family states she uttered her first words, and by the time she reached a scholastic age the seizures were controlled. The development in this child was the best within this group. During the observation she generated 140 different words, all pronounced correctly and her phonologic inventory was complete. Her average length of utterance was of 2.71 words and the sentences consisted of subject+verb+object structures (i.e. “la bambina tiene in mano una scopa”(the girl is holding a broom)), but also in more complex structures (i.e. “una bambina che compra la mela” (a girl is buying an apple)).


The case of RM, who has drug-resistant epilepsy, shows more delayed language development; the number of different words generated during the observation was poor (23), the utterances were only formed of a single word and the phonological development presents many compromised processes, with about 51% of the words being pronounced correctly. The other case of partially drug-resistant epilepsy, GG, presents the best development. During the observation, 46 different words were transcribed and his phonological inventory was complete, as was his pronunciation in 100% of cases. Lastly the average length of utterance was 2, showing the beginning of combining skills. The last case of this group, RJ, produced prevalently untranscribable language, as such no phonological assessment was possible; it should be noted that quantifiable alterations have been found of the white substance associated to morphological problems in his case.

Conclusions


This study describes the characteristics of the linguistic development of children with chromosome 14 aberrations. This type of analysis was previously absent from literature, despite a broad selection from other genetic syndromes.

The main objective of the study was to investigate the possible presence of a homogeneous linguistic development in children with this genetic condition, showing a possible specificity in the group for said progressive appearance. From this study, in line with other clinical aspects described in literature, non-homogeneity has emerged of the language skills: the group of participants is on a continuum ranging from the total absence of spontaneous language to good abilities in all areas of language.

The second point investigated had to do with the possible presence of differences in the group of children relating to the type of aberration (deletion and ring 14). The analyses highlighted a difference of development relative to the type of aberration. The children with deletion appeared to have a generally better linguistic development than children with ring 14. Even though in the group of children with particularly severe deletions, CG was still unable to generate words, despite her age of 10 years and 3 months at the time of observation. It should be noted that, contrary to the other cases in her group, she has total agenesia of the corpus callosum.

In the cases with ring 14, the severity of the linguistic disease, similar to the significance of the cognitive retardation, seems in part correlated to the severity of the epilepsy, according to a continuum ranging from a total absence of language to good lexical and syntactical phonological skills. In fact, in the only case where the epilepsy was well controlled pharmacologically (FS), the cognitive disability seems only slight and the linguistic development was nearly normal. It should be highlighted that FS was the only case among the ring 14 group not to present autistic traits.

It is difficult to establish the role of neuroanatomical and functional aspects, given the heterogeneity of this investigative sample. However, the presence of agenesia of the corpus callosum and quantitative alterations of the white substance is associated with especially negative linguistic skills.
Summary The objective of this study is to provide a description of the communicative and linguistic skills of children with some chromosome 14 aberrations, with particular attention to ring 14 syndrome. In fact, the few works dedicated to this syndrome have documented the presence of a broad phenotypic variability, but have not provided specific information on possible outcomes on the linguistic development. Twelve Italian children participated in this study (6 boys and 6 girls); with ages ranging from 5 to 15 years, all part of the Ring 14 International Association. The participants underwent an observational session of playful interaction with the investigator, organised to elicit spontaneous language samples. The analysis of the phonological, lexical and syntactic development on this sample highlights a broad variability among the participants. The results are discussed in relation to the differences between the participants in terms of genetic and neurological aspects. 
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