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ABSTRACT 

Autistic spectrum disorders (ASD) occur more fre- 
quently in males, suggesting a major pathogenic 
role for genes located on the X-chromosome. The 
analysis of X chromosome inactivation (XCI) pat- 
tern may help to identify XCI skewing in those 
families in which such genes are involved, even 
without identifying the specific genetic mutation. In 
order to identify such families, we determined the 
XCI pattern in 40 females with ASD and 58 moth- 
ers of children with ASD, as well as in 80 matched 
control females. The X inactivation assay was car- 
ried out on genomic DNA extracted from peripheral 
blood. XCI was calculated for informative het- 
erozygous individuals as the ratio of the peak area 
of two alleles of the highly polymorphic CAG repeat 
of the androgen receptor (AR) gene (Xq11-12). Our 
results indicate that there is no difference in XCI 
pattern both in ASD females and in the mothers of 
ASD patients when compared with the appropriate 
controls. These findings suggest that the contribu- 
tion of X-linked genes to the etiology of ASD is still 
likely but it is not supported by X-inactivation pat- 
terns on peripheral blood cells. 
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1. INTRODUCTION 

Autistic spectrum disorders (ASD) are a group of child- 
hood neurodevelopmental disorders characterized by 
difficulties in socialization and communication and stereo- 
typic behaviors. Although the role of genetic factors in 
the etiology of ASD is under intense scrutiny [1-3], little 
is known concerning the relationship of genetic, epige- 
netic and environmental factors with respect to the core 
clinical features and the underlying neuropathological 
substrate. The prevalence of ASD is about 0.6:100, with 
an overall excess of males with autism in a proportion of 

about 4:1 in general and of 9:1 in the cases of Asperger 
syndrome [4], suggesting a major involvement of genes 
on the X chromosome. Mutations in two X-linked genes 
encoding neuroligins, NLGN3 and NLGN4 respectively, 
have been identified in males with ASD, including As- 
perger syndrome [5]. In addition, ASD is frequently as- 
sociated with two X-linked conditions, i.e. fragile X and 
Rett syndrome [6,7]. X chromosome inactivation (XCI) 
occurs early in embryonic development of somatic cells 
in human females to achieve gene dosage compensation 
with males [8]. Therefore, one of the two X chromo- 
somes is inactivated in each female cell at random which 
then results in an equal number of active X chromosome 
genes in both male and female cells. The X inactivation 
is a complex process and requires three main steps: ini- 
tiation, spreading, and maintenance [9,10]. Skewed XCI 
is a rare event in the normal female population [11]. In 
contrast, an extremely skewed XCI can be observed in 
heterozygous females carrying gene mutations involved 
in X-linked conditions, such as X-linked intellectual 
disability, Barth syndrome and X-linked sideroblastic 
anemia [12-14]. 

In ASD, Talebizadeh et al. 2005 reported an excess of 
XCI skewing in affected girls (33%, 10/30) compared to 
controls (11%, 4/35), suggesting a major contribution of 
X-linked genes to ASD in this cohort. A subsequent 
study investigated the XCI pattern on a larger cohort, 
including affected females and mothers of ASD children 
[15], but failed to identify an altered X inactivation pat- 
tern, with respect to a control sample. Since contrasting 
results are shown in these reports, we decided to invest- 
tigate the XCI pattern in an Italian cohort of 40 autistic 
females and in a sample of 58 mothers of children with 
ASD. 

2. METHODS 

A total of 98 females, with the same ethnic background, 
were analyzed in our study, consisting of 40 females 
with ASD and 58 mothers of children with ASD. All the 
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patients present intellectual disabilities and classical au- 
tistic stereotypies, but not other clinical features like 
seizures or hypotonia. DNA from 80 females, without a 
history of autism or mental retardation was used as con- 
trol. All were of the same ethnic background as the ASD 
group. Of these, 40 were DNA from healthy girls of the 
same age as the ASD girls, and 40 were DNA from un- 
affected women with an average age of 45 years, matched 
with the age of the ASD mothers. The diagnosis of au- 
tism was established in the affected females with the use 
of the Autism Diagnostic Interview-Revised (ADI-R) 
[16] and clinical evaluation. Chromosome analysis, as 
well as molecular tests for fragile X testing and Rett 
syndrome, were reported normal. Informed, written con- 
sent to this study was obtained from all participating 
subjects. All the experiments have been performed with 
the approval of the Catholic University of Rome ethic 
committee. 

X Inactivation Analysis 

The X inactivation assay was carried out on genomic 
DNA extracted from peripheral blood. XCI was calcu- 
lated for informative heterozygous individuals as the 
ratio of the peak area of two alleles of the highly poly- 
morphic CAG repeat of the androgen receptor (AR) gene 
(Xq11-12) after digestion with the methylation sensitive 
enzyme HpaII, corrected with the ratio of the peak area 
of the two alleles before digestion for preferential ampli- 
fication of one of the alleles [11]. 

Briefly, 500 ng of genomic DNA was digested with 
2U DdeI plus 10 U HpaII, and with 2U DdeI alone at 
37˚C overnight. Both mixtures were PCR-amplified with 
forward primer 50-TCCAGA ATC TGT TCC AGA GCG 
TGC-30, fluorescently labelled with 6-FAM (6-carboxy- 
fluorescein), and reverse primer 50-GCT GTG AAG 
GTT GCT GTT CCT CAT-30. The resulting PCR prod- 
ucts were run on ABI 3130 Genetic Analyzer DNA se- 
quencer and the peak area was measured by Gene Map- 
per v4 software (Applied Biosystems, Foster City, CA). 

The range of XCI ratio can vary from 50:50 (random 
XCI) to 100:0 (completely skewed XCI). One female 
sample with known XCI ratio (95:5) and one male sam- 
ple were used as controls in each batch of samples to 
verify the complete digestion and replication. The fre- 
quency of XCI skewing was analyzed with Student test. 

3. RESULTS 

35 of the 40 females with ASD and 50 of the 58 mothers 
of affected children were informative for the AR gene 
polymorphism. Likewise, 37 of the 40 unaffected wo- 
men and 36 of the 40 unaffected girls, used as controls, 
were informative. In the mothers group, ASD females 
group, and respective controls, the subjects were classi-
fied into three subgroups representing random, moder-

ately and highly skewed X inactivation pattern (see Fig-
ures 1-2). The mothers group was further divided in 
female mothers and males mothers. A highly skewed 
XCI was observed in 4% of mothers of ASD males, in 
7% of mothers of ASD females and 8% of controls 
(Figure 1). This difference did not reach statistical sig-
nificance. 

Again, we observed no significant difference between 
ASD females (6%) and the young females control group 
(9%) with a highly skewed XCI (see Figures 2-3). 

4. DISCUSSION 

Our results indicate that there is no difference in XCI 
pattern both in ASD females and in the mothers of ASD 
patients when compared with the appropriate controls. 
Even though our analysis is based on a small sample, the 
results are in agreement with those obtained by Gong et 
al. [15] on a large cohort of ASD individuals and con- 
trols. None of two previous studies [15,17] analyzed 
separately ASD-female’s mothers and ASD-male’s moth- 
ers: if X-linked genes were involved, a more consistent 
XCI skewing should have been observed in the latter 
group. However, this was not the case in our study as we 
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Figure 1. Histogram showing the distribution of ASD mothers 
and controls in three subgroups including non skewed (50:50% 
- 60:40%), mildly skewed (35:65% - 20:80%) and highly 
skewed (15:85% - 5:95%). 
 

0%

10%

20%

30%

40%

50%

60%

X inactivation pattern

n
u

m
b

er
 o

f 
sa

m
p

le
s 

(%
)

patients

controls

patients 45% 48% 7%

controls 50% 44% 8%

50:50-40:60 35:65-20:80 15:85-<5:95

 

Figure 2. Histogram showing the distribution of affected ASD 
females and controls in three subgroups including non skewed 
(50:50% - 60:40%), mildly skewed (35:65% - 20:80%) and 
highly skewed (15:85% - 5:95%). 
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Figure 3. Diagram showing the distribution of affected ASD 
females (diamonds) and controls (squares) with respect to the 
XCI pattern. 
 
observed a similar distribution of XCI in the two groups. 
Therefore, it is likely that the excess of ASD males is 
related to X-linked genes, whose function may be altered 
by some unknown factors. For instance, the male off- 
spring inherits the maternal X chromosome, which is, 
because of meiotic crossing over, a composite of regions 
derived from the mother’s nonmethylated X chromo- 
some and of others from the methylated X chromosome. 
Jones et al. [18] hypothesize that the male’s demethylat- 
ing capacity may be ineffective if the male inherits a 
predominantly methylated X chromosome. In this case, 
uncomplete erasing of methylation in early postmeiotic 
cells might happen, causing a mosaic state in which a 
number of crucial genes remain methylated and therefore 
inactive in target cells. In any case, it should be noted that, 
since we could not analyse the XCI pattern in the target 
tissue and at different loci on the X-chromosome, we 
could not rule out that skewing may occur for instance in 
the brain or at definite loci on the X chromosome. 

Besides, it has been proposed that the paternal X 
chromosome, inherited only by females, preserves them 
from ASD, explaining why females are less frequently 
affected than males (Skuse). If this were the case, ASD 
females should have a preferential inactivation of the 
paternal X chromosome. In our study, only three ASD 
females had a 10:90 skewing pattern, but we could not 
determine the parental origin of the inactive chromo- 
some for lack of informativeness. The mothers of ASD 
patients with NLGN3 or MECP2 mutations show highly 
skewed XCI, suggesting that ascertainment of XCI could 
reveal families with X-linked mutations [15]. Other ASD 
causes not related to X chromosome gene mutations 
/alterations seems to not have skewed XCI. Nagarajan et 
al. 2008 [16] described an aberrant methylation status 
into the MECP2 promoter in male autism brain DNA. 
Besides, autistic female brain DNA showed evidence for 
aberrant MECP2 promoter methylation but no skewing 
in XCI. These data suggests the presence of locus-spe- 
cific methylation changes rather than global chromo- 
some methylation modifications.  

Possible epigenetic mechanisms cannot be excluded to 
explain the major prevalence in males. Further studies 
are needed to elucidate the pathogenesis of ASD. 
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