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The neurotrophin nerve growth factor (NGF) is a major
regulator of peripheral and central nervous system
development. Serum NGF was measured in normally
developing control children (n=26) and in individuals affected
by congenital syndromes associated with learning disability:
either Williams syndrome (WS; n=12) or Down syndrome
(DS; n=21). Participants were assessed at three distinct
developmental stages: early childhood (2 to 6 years),
childhood (8 to 12 years), and adolescence (14 to 20 years). A
sample was taken only once from each individual. Serum NGF
levels were markedly higher in participants with WS, than DS
and control participants. In addition, different developmental
profiles emerged in the three groups: while in normally
developing individuals NGF levels were higher in early
childhood than later on, children with WS showed constantly
elevated NGF levels. When compared to control participants,
those with DS showed lower NGF levels only during early
childhood. Neuropsychological assessment confirmed
previously reported differences among the three groups in the
development of linguistic/cognitive abilities. Some features of
individuals with WS, such as hyperacusis and hypertension,
could be related to high-circulating NGF levels.

Williams syndrome (WS) is a rare genetic condition (1:

20 000) characterized by a distinctive clinical pattern which

includes supravalvular aortic stenosis, growth deficiency,

learning disability, and so-called elfin/pixie facial features

(Williams et al. 1961). In all recently reported cases of WS,

genetic studies have identified a deletion on the long arm of

chromosome 7, including the elastin and the LIMK1 genes

(Ewart et al. 1993, Frangiskakis et al. 1996). WS has recently

received attention for the apparent dissociation between

cognitive and linguistic abilities described by some authors

(Bellugi et al. 1990, Wang and Bellugi 1994). Down syn-

drome (DS) is the most common form of learning disability

with a genetic cause, namely trisomy of chromosome 21. DS

has a prevalence of 1 in 800 births and it is clinically manifest-

ed by somatic anomalies, heart diseases, learning disability,

and precocious dementia (Scott et al. 1983). Individuals with

both WS and DS have cognitive impairments, but distinct

cognitive profiles of the two groups emerge from the com-

parison of their linguistic and visuospatial functioning

(Wang and Bellugi 1993).

The hypothesis underlying this study is that the altered

profile of neurobehavioural development found in those

with WS and DS may be associated with altered levels of

nerve growth factor (NGF) expression in various bodily com-

partments during critical developmental stages. NGF is the

first and best characterized neurotrophin (Levi-Montalcini

1987). In addition to having a trophic, tropic, and differenti-

ating effect on peripheral neurones, NGF also regulates

development and survival of forebrain cholinergic neu-

rones (Mobley et al. 1986, Levi-Montalcini 1987). Animal

studies have shown that alterations in endogenous NGF

levels during the early postnatal stage influences the devel-

opment of learning and memory capacities in rodents

(Calamandrei et al. 1996). As for human studies, low levels

of NGF have been detected in the CSF of children with Rett

and West syndromes: two neurological disorders associat-

ed with mental impairment (Lappalainen et al. 1996,

Riikonen et al. 1997, Riikonen and Vanhala 1999). It has

been suggested that altered production of specific neu-

rotrophins during critical developmental phases may be

involved in the pathogenesis of some psychiatric disorders

as well as of syndromes associated with learning disability

(Bersani et al. 1996).

In this interdisciplinary study, we measured circulating

NGF levels in the serum of individuals with WS, DS, and nor-

mally developing control participants at three different post-

natal ages: early childhood, childhood, and adolescence.

Neuropsychological profiles of the three groups were also

compared, focusing on the development of linguistic and

visuospatial abilities.

Method
Participants for this study were 21 individuals with DS and

12 individuals with WS, sex-matched, belonging to three

age groups: (1) 2 to 6 years old (young children); (2) 8 to

12-years old (children); and (3) 14 to 20 years old (adoles-

cents, see Table I). Each participant was tested only once.

All participants were involved in a larger study on medical

and neuropsychological features of WS conducted at the

Bambino Gesù children’s hospital in Santa Marinella and in

Rome, Italy. Participants with WS and DS were diagnosed by

a paediatric geneticist on the basis of major stigmata; the



diagnosis was confirmed by molecular analysis. Control par-

ticipants (n=26) were matched with individuals with WS and

DS either for chronological or mental age. For physiological

data (NGF levels) control participants were matched for

chronological age, while for the neuropsychological analy-

sis, they were matched for mental age. In the case of young

children, mental and chronological age coincided. Control

participants were healthy individuals presenting with nei-

ther neurological illness nor learning disability. Participants

were included in the study only after routine blood testing

had excluded infective and/or inflammatory states. Informed

consent was obtained from the participants’ parents after the

nature and of the study were explained.

Peripheral blood samples of 5 mL were taken from each par-

ticipant between 08.00h and 10.00h, collected in heparinized

tubes and centrifuged at 2000rpm for 20min to separate

serum from plasma, and stored at –20°C until NGF determina-

tion. NGF levels were measured by a highly sensitive two-site

immunoenzymatic assay which recognizes both human and

murine NGF as previously described (Weskamp and Otten

1987). The sensitivity of this assay is 5 pg/mL, i.e. the minimum

concentration of NGF detectable. Data are represented as

pg/mL or pg/gr wet weight; all assays were performed in tripli-

cate. The exogenous NGF yield was calculated by subtracting

the amount of this NGF from the endogenous variety. Under

these conditions the recovery of NGF on our assay ranged

from 80 to 90%. All values below the lower limit of detection of

the assay were arbitrarily assigned a value of 1 pg/mL.

Linguistic and visuospatial abilities were tested in each

participant on 2 or 3 different days. Neuropsychological

assessment was performed by using an experimental battery

composed of various tests designed to investigate linguistic

and visuospatial abilities in the different age groups, which

have been employed in previous studies to describe cogni-

tive profiles of participants with DS, WS, or with learning

disability of different aetiology (see Vicari et al. 1992 and

Volterra et al. 1996, for a detailed explanation of the linguis-

tic and visuospatial tests used in the present study).

The communicative and linguistic development of the

younger children included in this study (group 1) was mea-

sured by administering the Italian MacArthur questionnaire

to parents. As for participants belonging to groups 2 and 3,

their linguistic abilities were assayed using the following

tests: (1) Brizzolara Naming Test, to explore participants’

ability to produce verbal labels for common nouns (e.g. ani-

mals, flowers); (2) Word Fluency (phonemic) Test: three let-

ters of the alphabet (f, a, s) were read sequentially to the

participant who was asked to say as many words as possible

that begin with that letter, excluding proper nouns, num-

bers, and the same word with a different suffix; and (3) Word

Fluency (semantic) Test, to explore semantic word retrieval

ability using four superordinate category names: animals,

toys, food, and clothes. Given the name of a category, the par-

ticipant was asked to generate as many items as they could

think of within that category. In addition, the widely-used

Peabody Picture Vocabulary Test (PPVT), was selected to pro-

vide a reliable measure of lexical comprehension and the

Visual Motor Integration Test (VMI) was administered to test

participants’ visuoconstructive abilities.

STATISTICAL ANALYSIS

Data on NGF levels were analyzed using the non-parametric

Kruskal–Wallis analysis of variance for independent groups.

To assess the significance of main effects of chronological

age, condition (WS, DS, control) and their interactions, the

χ2 test was applied. Multiple comparisons were performed

by Mann–Whitney tests with Bonferroni correction. Data of

comparisons between groups are presented as median dif-

ference and 95% confidence interval (95% CI) of the median.

An experimentwise type I error probability of 10% was con-

sidered statistically significant for multiple comparisons.

Such a lenient criterion (experimentwise p=0.1) is appropri-

ate to avoid making too many type II errors with a large num-

ber of comparisons involving a relatively small number of

participants. The results of the neuropsychological tests

were analyzed by means of non-parametric tests (Wilcoxon

matched-pair test).

Results
Overall, NGF levels differed significantly in the different

groups (χ2=24.15, df=2, p=0.00001; Fig. 1). Post-hoc

comparisons showed that NGF levels in participants with

WS were significantly elevated compared to both individu-

als with DS and normally developing control participants

(p<0.05). Neither a main effect of age (χ2=2.92, df=2,

p=0.23), nor a significant interaction between age and

group were found (age × group χ2=9.00, df=4, p=0.06).

Nonetheless, post hoc comparisons revealed that in the

first age group (2 to 6 years old), children with DS showed

significantly lower NGF levels compared with both those

with WS (30.5 pg/mL, 95% CI 16.0 to 82.0, p<0.1) and con-

trol individuals (17.0 pg/mL, 95% CI 9.4 to 27.4, p<0.025).

Although individuals with WS tended to have higher NGF
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Table I: Sex and age of participants involved in the study

Williams syndrome Down syndrome Control group
Sex Age (y, mo) Sex Age (y, mo) Sex Age (y, mo)

M 2, 5 M 2, 6 M 2, 0

F 2. 6 F 2, 8 M 2, 3

M 2, 6 M 2, 8 F 2, 7

F 4, 9 F 3, 8 M 4, 3

F 8, 9 M 4, 10 F 4, 7

F 9, 2 F 5, 1 F 4, 11

M 10, 1 F 5, 3 F 6, 0

M 12, 4 M 8, 8 M 6, 1

M 17, 6 F 9, 0 F 6, 2

F 18, 3 F 9, 2 F 6, 2

F 18, 10 F 9, 6 M 6, 3

M 19, 8 M 9, 9 M 6, 10

M 10, 5 F 7, 1

M 11, 11 F 7, 11

M 15, 6 F 8, 2

F 15, 10 F 8, 3

M 17, 1 F 9, 2

F 17, 8 M 9, 5

F 17, 10 F 10, 6

F 19, 9 M 11, 10

M 19, 9 F 13, 9

M 14, 5

F 17, 6

M 17, 10

F 18, 2

M 18, 5



levels than control participants, this difference was not sig-

nificant. In the second age group (8 to 12 years old), the

levels of NGF were significantly elevated in WS compared

with both DS (21.7 pg/mL, 95% CI 10.6 to 46.5; p<0.1) and

control participants (23.5 pg/mL, 95% CI 11.6 to 50.5;

p<0.1), while DS and control individuals did not differ

from each other. In the third age group (14 to 20 years old),

the same pattern of NGF expression was maintained (with

NGF levels higher in WS than in DS and the control group),

although differences between groups failed to reach signif-

icance. Finally, NGF levels of the control group matched

for mental age did not differ from those of the control

group matched for chronological age.

Results of the neuropsychological analysis also showed

different developmental patterns of the three groups, in par-

ticular when considering the second and third age groups

(Table II). In the younger age group (2 to 6 years) the mean

number of words produced by participants with DS and WS

was very similar (135 and 133.25 respectively) although sig-

nificantly lower (p<0.05) compared with their chronologi-

cally-matched control participants (436.6). This finding is

consistent with previous reports describing an initial delay in

lexical development both for children with DS and WS. As for

the second and third age group, no differences emerged

when comparing the scores of control individuals matched

for mental age with participants with WS and DS in the

Lexical Comprehension test (PPVT test, see Table II). WS par-

ticipants obtained scores comparable to those of their nor-

mally-developing control participants matched for mental

age in both Naming and Phonemic Fluency tests (see Table

II), while children and adolescents with DS had worse per-

formances than control and participants with WS in these

same tests (p<0.5). When requested to produce names

belonging to particular semantic categories, participants

with DS and WS did not differ from normally-developing

mental-age matched control participants (see Table II).

Similarly, performances of participants with DS and WS

were comparable to those of the control group in the Visual

Motor Integration Task.

Discussion
The present findings reveal that serum NGF levels of partici-

pants with WS were significantly higher than those measured

in DS and control participants. In addition, when data were

analysed, taking into account participants’ age, different

developmental profiles emerged in the three groups.
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Table II: Comprehension, word production, phonemic and
semantic test results for participants in age groups 2 and 3.

Test Mean score (SD) Range

Peabody Picture Vocabulary Test

WS (n=8) 73 (22.5) 39–96

DS (n=8) 57.5 (20.1) 30–84

MA (n=5) 80.8 (15.5) 59–94

Naming Test

WS (n=8) 67.9 (14.3) 51–93

DS (n=5) 42 (10.9) 22–54

MA (n=5) 70.8 (6.9) 68–82

Phonemic Fluency Test

WS (n=7) 15.4 (7) 5–28

DS (n=7) 4.9 (3.1) 2–10

MA (n=5) 12.8 (6.5) 4–21

Semantic Fluency Test

WS (n=7) 34.9 (3.8) 29–39

DS (n=7) 25.7 8.2) 14–37

MA (n=5) 33.4 (9) 25–44

WS, Williams syndrome; DS, Down syndrome; MA, control

participants matched for mental age.

Figure 1: Serum NGF levels (pg/mL) of individuals with WS, DS and controls (matched for chronological age, CA; WS, n=4; DS,
n=7; CA, n=6) in three age groups. Age group 1, 2 to 6 y; group 2, 8 to12 y; group 3, 14 to 20 y. In age group 1 NGF levels of
participants with DS differed significantly from both WS and control groups. In age group 2, participants with WS showed
significantly higher NGF levels than both those with DS and control participants. (a) Box and whisker plot. Line in middle of
box represents median. Box covers interquartile range (IQ); whiskers extend to upper and lower adjacent values. Upper value
is defined as largest data point less than or equal to x[75] + 1.5 × IQ. Lower value is defined as smallest data point greater than
or equal to x[25] –1.5 × IQ. Outliers, ❍,(points more extreme than the adjacent values). (b) Scatter plot of the same data.
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Specifically, while NGF levels in control participants were

high in early childhood and tended to decrease with age, in

individuals with WS the levels of this neurotrophin remained

high from early childhood to adolescence. In contrast, serum

NGF concentrations in young children with DS were lower

than those of control participants, but reached levels similar

to those of age-matched control individuals in later childhood

and adolescence. To explain the physiological significance of

altered circulating NGF levels requires careful consideration of

the role of NGF in the development and specific pathological

phenotype of WS. Indeed, during the pre- and postnatal peri-

od, normal development of peripheral sympathetic and senso-

ry neurones depends on the availability of NGF produced by

their target organs, which controls cell growth, neurite pro-

duction and elongation, and selective cell death or survival.

However, maintenance of abnormally high levels of NGF

throughout development might induce sympathetic hypertro-

phy, hyperinnervation of target organs, and general nerve dys-

function as well as hormonal and immunological alterations

(Aloe et al. 1981). In participants with WS, the overall trend is

that of a permanently elevated NGF level in the bloodstream.

We suggest that this increase is indicative of a more general

increase in NGF expression, that might have affected develop-

mental processes in different parts of the body. 

If this is the case, some of the characteristic clinical features

of WS might be connected to the altered NGF levels. A signa-

ture symptom of WS is hyperacusis, a heightened sensitivity to

sound (Dilts et al. 1990). Such a peculiar hypersensitivity to

sounds might depend upon a peripheral ‘hyperinnervation’

of the internal ear due to an excess of NGF production by the

target organ. It has been previously shown that neu-

rotrophins and their receptors are expressed by auditory

hair cells in rats’ inner ears during target innervation, and

that a decrease of NGF causes an inhibition of neuronogene-

sis in the cochleovestibular ganglion (Staecker et al. 1996).

Thus, changes in the expression of NGF during development

and at the adult stage could affect the innervation of the

inner ear, possibly affecting auditory performance. Although

there is less evidence for heightened sensitivity to stimula-

tion on other modalities of patients with WS, anecdotal evi-

dence suggests that individuals with WS are exceptionally

sensitive to touch on the extremities (i.e. the fingers and

toes), a phenomenon which could be related to reports of

motor difficulties in the first year of life. Changes in the

peripheral sensory innervation as a result of changes in

NGF availability in the innervation targets may explain

some of these features. In developing rodents, NGF is critical

for the normal development and function of nociceptive sen-

sory neurones (Lewin et al. 1994), whereas systemic admin-

istration of NGF produces dose-dependent hyperalgesia in

humans (Anand 1995). Moreover, a potential link between

the hypertension observed in individuals with WS and

increased NGF levels may also be suggested, as changes in

circulating and renal NGF levels seem to be implicated in

the pathogenesis of hypertension (Lee et al. 1987).

High levels of NGF found in the blood of control partici-

pants in early childhood may be physiologically significant as

this is a phase of intense synaptogenesis and of maturation of

sensory integration. Overall, serum NGF levels of partici-

pants with DS did not differ from those of normally develop-

ing control participants. However, participants with DS

appear to display a distinctive developmental profile, with

NGF levels being lower than in control participants in early

infancy. Changes in brain synaptic development and mor-

phology in the pre- and postnatal phases have been reported

in DS, with precocious cessation in the development of den-

dritic spines (Scott et al. 1983), while in the periphery, alter-

ations of electric membrane properties of dorsal root ganglia

neurones have been recorded (Scott et al. 1983). The low

NGF levels present in the bloodstream of young children

with DS might be related to previously reported alterations

in the peripheral nervous system.

Results of the neuropsychological analysis confirmed

previously reported differences among the three groups in

the development of linguistic/cognitive abilities (Vicari et

al. 1992, Wang and Bellugi 1993, Bishop 1999). When con-

sidering the first age group, a relevant difference between

participants with WS and DS was that participants with DS

displayed a developmental pattern similar to normally devel-

oping participants: they used communicative gestures and

understood many words before producing their first words.

In contrast participants with WS did not use gestures pre-lin-

guistically and they produced more words than they com-

prehended. As for the two older age groups, it appears that

participants with WS do not show a homogeneous develop-

mental delay, but rather an asynchronic and atypical pat-

tern of development of different abilities (Fabbretti et al.

1997, Jarrold et al. 1998). In this study participants with DS,

similarly to control participants, performed better in the

Semantic Fluency test than in the Phonemic Fluency test

(Volterra et al. 1996). Children and adolescents with WS

exhibited the opposite pattern: their performance in the

Phonemic fluency test was even better than the perfor-

mance exhibited by normally developing control partici-

pants matched for mental age. 

On the whole, the increased circulating NGF levels 

found in participants with WS is indicative of a general alter-

ation of developmental processes which occur outside the

brain. However, as WS is a disorder also characterized by

brain deficits, a key question raised by our observations 

is the functional relevance of changes in the levels of NGF 

in the peripheral circulation and in the CNS. In the absence of

CSF measurements, it is hard to say whether or not central

NGF levels are correspondingly altered. If, and to what

extent, NGF produced by peripheral cells is transported into

the CNS, and how much of the NGF produced in the CNS

passes into the peripheral blood circulation is still a matter of

debate, although recent studies have shown that NGF can cross

the blood–brain barrier (Poduslo et al. 1994). Furthermore, as

NGF acts as a link between different, although functionally

related, systems, such as the nervous, endocrine, and immune

system (Levi-Montalcini et al. 1990) we cannot exclude that

changes in levels of this neurotrophin in the periphery may

reflect an analogous alteration in the CNS. These data are to be

considered as preliminary findings, and further studies

involving many more participants are needed to verify the

potential involvement of NGF and other neurotrophins in the

pathophysiological features of Williams yndrome and Down

syndromes. 

Conclusion
The present study represents the first evidence of an alter-

ation in peripheral NGF levels in a genetically-based syn-

drome with learning disability. Together with data indicating
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low NGF levels in the CSF of participants with Rett syn-

drome, these findings suggest the involvement of this neu-

rotrophin in the pathophysiology of neurodevelopmental

disorders and indicate the need for further investigation.

Accepted for publication 23rd March 2000.

Acknowledgements
This research was supported by the Italian National Public Health
Project ‘Prevention of Risk Factors in Maternal and Child Health’
(Research line 3.4.1). Financial support of Telethon-Italy (Grant n.
E.C. 685) is gratefully acknowledged. We acknowledge Flavia
Chiarotti for her expert statistical advice, Anna Chilosi, Daniela
Brizzolara (Istituto Stella Maris, Pisa), Mario Sergo, Marco Cappa
(IRCCS Children’s Hospital Bambino Gesù, Roma) for providing
data on children with WS, and Letizia Sabbadini for her advice on
neuropsychological data. A special acknowledgement goes to
Grazia Pezzini and to the ‘Associazione Sindrome di Williams’,
Roma, Italy. The authors acknowledge Carla Tascone for her help in
formatting the manuscript.

References
Aloe L, Cozzari C, Calissano P, Levi-Montalcini R. (1981) Somatic

and behavioral postnatal effects of foetal injections of nerve
growth antibodies in the rat. Nature 291: 413–15.

Anand P. (1995) Nerve growth factor regulates nociception in
human health and disease. Journal of Anaesthesia 75: 201–8.

Bellugi U, Bihrle AM, Jernigan T, Trauner D, Doherty S. (1990)
Neuropsychological, neurological and neuroanatomical profile
of Williams syndrome. American Journal of Medical Genetics
6 (Suppl.): 115–25.

Bersani G, Aloe L, Iannitelli A, Maselli P, Venturi P, Garavini F,
Angelucci F, Bracci-Laudiero L, Pancheri P. (1996) Low Nerve
Growth Factor (NGF) plasma levels in schizophrenic patients: a
pilot study. Schizophrenia Research 18: 159–60.

Bishop DV. (1999) Perspectives: cognition. An innate basis for
language? Science 286: 2283–4.

Calamandrei G, Ricceri L, Valanzano A. (1996) Systemic
administration of anti-NGF antibodies to neonatal mice impairs
24-h retention of an inhibitory avoidance task while increasing
ChAT immunoreactivity in the medial septum. Behavioural
Brain Research 78: 81–91.

Dilts CV, Morris CA, Leonard CO. (1990) Hypothesis for
development of a behavioral phenotype in Williams syndrome.
American Journal of Medical Genetics 6 (Suppl.): 126–31.

Ewart AK, Morris CA, Atkinson DL, Jin W, Sternes K, Spallone P, Stock
D, Leppert M, Keating MT. (1993) Hemizygosity at the elastin
locus in a developmental disorder, Williams syndrome. Nature
Genetics 5: 11–6.

Fabbretti D, Pizzuto E, Vicari S, Volterra V. (1997) A story description
task in children with Down’s syndrome: lexical and
morphosyntactic abilities. Journal of Intellectual Disability
Research 41: 165–79.

Frangiskakis JM, Ewart AK, Morris CA, Mervis CB, Bertrand J,
Robinson BF, Klein BP, Ensing GJ, Everett LA, Green ED, et al.
(1996) LIM-kinase 1 hemizygosity implicated in impaired
visuospatial constructive cognition. Cell 86: 59–69.

Jarrold C, Baddeley AD, Hewes AK. (1998) Verbal and non verbal
abilities in the Williams Syndrome phenotype: evidence for
diverging developmental trajectories. Journal of Child
Psychology and Psychiatry 39: 511–23.

Lappalainen R, Lindholm D, Riikonen R. (1996) Low levels of nerve
growth factor in cerebrospinal fluid of children with Rett
syndrome. Journal of Child Neurology 11: 296–300.

Lee RMKW, Triggle CR, Cheung DWT, Coughlin MD. (1987)
Structural and functional consequence of neonatal
sympathectomy on the blood vessels of spontaneously
hypertensive rats. Hypertension 10: 328–38.

Levi-Montalcini R. (1987) The nerve growth factor 35 years later.
Science 237: 1154–62.

— Aloe L, Alleva E. (1990) A role for nerve growth factor in nervous,
endocrine and immune systems. Progress in
Neuroendocrinology and Immunology 3: 1–10.

Lewin GR, Rueff A, Mendell LM. (1994) Peripheral and central
mechanisms of NGF-induced hyperalgesia. European Journal of
Neuroscience 6: 1903–12.

Mobley WC, Rutkowsky JL, Tennekoon GI, Gemski J, Buchanan K,
Johnston MV. (1986) Nerve growth factor increases choline
acetyltransferase activity in developing basal forebrain neurons.
Molecular Brain Research 11: 53–62.

Poduslo JF, Curran GL, Berg CT. (1994) Macromolecular
permeability across the blood-nerve and blood-brain barriers.
Proceedings of the National Academy of Science USA 91: 5705–9.

Riikonen RS, Söderström S, Vanhala R, Ebendal T, Lindholm DB.
(1997) West syndrome: cerebrospinal fluid nerve growth factor
and effect of ACTH. Pediatric Neurology 17: 224–9.

— Vanhala R. (1999) Levels of cerebrospinal fluid nerve-growth
factor differ in infantile autism and Rett syndrome.
Developmental Medicine & Child Neurology 41: 148–52.

Scott BS, Becker LE, Petit TL. (1983) Neurobiology of Down
syndrome. Progress in Neurobiology 21: 199–237.

Staecker H, Van De Water TR, Lefebvre PP, Liu W, Moghadassi M,
Galinovic-Schwartz V, Malgrange B, Moonen G. (1996) NGF,
BDNF and NT-3 play unique roles in the in vitro development and
patterning of innervation of the mammalian inner ear.
Developmental Brain Research 92: 49–60.

Vicari S, Albertini G, Caltagirone C. (1992) Cognitive profiles in
adolescents with mental retardation. Journal of Mental
Deficiency Research 36: 415–23.

Volterra V, Capirci O, Pezzini G, Sabbadini L, Vicari S. (1996)
Linguistic abilities in Italian children with Williams syndrome.
Cortex 32: 663–77.

Wang PP, Bellugi U. (1993) Williams syndrome, Down syndrome,
and cognitive neuroscience. American Journal of Medical
Genetics 147: 1246–51.

— — (1994) Evidence from two genetic syndromes for a
dissociation between verbal and visual-spatial short-term
memory. Journal of Clinical and Experimental Neuropsychology
16: 317–22.

Weskamp G, Otten U. (1987) An enzyme-linked immunoassay for
nerve growth factor (NGF): a tool for studying regulatory
mechanism involved in NGF production in brain and in
peripheral tissues. Journal of Neurochemistry 48: 1779–86.

Williams J, Barratt-Boyes B, Lowe J. (1961) Supravalvular aortic
stenosis. Circulation 24: 1311–8.

750 Developmental Medicine & Child Neurology 2000, 42:  746–750


