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ORIGINAL ARTICLE

Elevated serum neurotensin and CRH levels in children with
autistic spectrum disorders and tail-chasing Bull Terriers with a
phenotype similar to autism
I Tsilioni1, N Dodman2, AI Petra1, A Taliou3, K Francis3, A Moon-Fanelli2, L Shuster1 and TC Theoharides1,4,5
Autism spectrum disorders (ASD) are neurodevelopmental disorders characterized by defects in communication and social
interactions, as well as stereotypic behaviors. Symptoms typically worsen with anxiety and stress. ASD occur in early childhood,
often present with regression and have a prevalence of 1 out of 68 children. The lack of distinct pathogenesis or any objective
biomarkers or reliable animal models hampers our understanding and treatment of ASD. Neurotensin (NT) and corticotropinreleasing hormone (CRH) are secreted under stress in various tissues, and have proinﬂammatory actions. We had previously shown
that NT augments the ability of CRH to increase mast cell (MC)-dependent skin vascular permeability in rodents. CRH also induced
NT receptor gene and protein expression in MCs, which have been implicated in ASD. Here we report that serum of ASD children
(4–10 years old) has signiﬁcantly higher NT and CRH levels as compared with normotypic controls. Moreover, there is a statistically
signiﬁcant correlation between the number of children with gastrointestinal symptoms and high serum NT levels. In Bull Terriers
that exhibit a behavioral phenotype similar to the clinical presentation of ASD, NT and CRH levels are also signiﬁcantly elevated, as
compared with unaffected dogs of the same breed. Further investigation of serum NT and CRH, as well as characterization of this
putative canine breed could provide useful insights into the pathogenesis, diagnosis and treatment of ASD.
Translational Psychiatry (2014) 4, e466; doi:10.1038/tp.2014.106; published online 14 October 2014

INTRODUCTION
Autism spectrum disorders (ASD) are neurodevelopmental disorders characterized by impaired social interactions and communication, as well as stereotypic behaviors.1–4 Recent results from
the Centers of Disease Control in the USA indicate that 1 out of 68
children have ASD (http://www.cdc.gov/media/releases/2014/
p0327-autism-spectrum-disorder.html). Fifty percent of such
children regress at 2–3 years of age, often after a speciﬁc event
such as reaction to vaccination, infection,5,6 trauma,7 environmental toxins8–10 or stress,11 implying the importance of some
epigenetic triggers. In addition, many children exhibit gastrointestinal (GI) symptoms.12 Recent evidence suggests that ASD
involve some defective immune responses in many ASD
patients13–16 and their relatives,17 as well as some neuroimmune
component,18 especially allergic-like symptoms.19
In spite of various clues from genetic and environmental studies
regarding the possible pathogenesis, their signiﬁcance in the
pathogenesis of autism is still unclear.20,21 As a result, the
development of new drugs for ASD has been slow.22,23 Behavioral
phenotyping of mice with mutations in certain genes relevant to
neuropsychiatric disorders has led to some ‘mouse models’ of
autism.24–30 Other mice develop defects in social interactions as a
result of maternal ‘viral’ infections during gestation.6,31,32 There are
also some possible spontaneous (noninduced) animal models of
autism that include the jumping/somersaulting deer mice housed
in restricted environments33 and caged parrots exhibiting various

repetitive behaviors.34 However, these behaviors are more
appropriately described as stereotypies or perhaps animal
equivalents of obsessive-compulsive behavior rather than
autism.35
Bull Terriers (BTs), like some other dog breeds, are highly inbred
and some exhibit an almost breed-speciﬁc behavior of repetitive
tail chasing.36 About 20% of BTs in one pedigree we examined
was affected with either subclinical or clinical tail chasing, which is
one of the most serious behavioral issues that plagues the breed
(draft on ﬁle). Tail chasing, which involves spinning in tight circles
is reminiscent of stereotypic spinning exhibited by autistic
children and is similarly induced by high arousal.37 Other
behavioral issues include aggression, seizures and ‘trancing’
(exhibiting a ﬁxed stare and associated immobility). The frequent
manifestation of the behavioral problem of tail chasing after some
precipitating event, such as trauma or stress, suggests that
epigenetic factors are also involved.37
Recently, we reported increased serum levels of the peptide
neurotensin (NT) in a small sample of 3-year-old children with
autistic disorder.38 NT is a vasoactive peptide isolated from the
brain39 and is implicated in immunity.40 It is increased in the skin
following acute stress, triggers skin mast cells (MCs) and increases
skin vascular permeability in rodents through MC activation.41
We had previously shown that acute restraint stress in rats
increases skin vascular permeability, an effect mimicked by
intradermal injection of corticotropin-releasing hormone (CRH).42
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We had also shown that NT augments the effect of stress43 and
CRH.44 CRH also triggered MC-dependent vasodilation in the
microvasculature of human skin.45 Interactions among CRH, NT,
MCs and other cell types may represent the equivalent of the
hypothalamic–pituitary–adrenal axis outside the brain.46
Here we show that NT and CRH are increased in children with
ASD and in BTs who exhibit a phenotype similar to ASD. There is a
strong correlation between the number of ASD children with GI
symptoms and high serum NT levels. The present ﬁndings
represent a possible pathway that contributes to the pathogenesis
of ASD in at least a subphenotype of subjects. BTs may be a useful
spontaneous model of ASD.
MATERIALS AND METHODS
Fasting blood was obtained from 40 young Caucasian children (34 male
and six female, 4–10 years of age) with diagnoses ranging across the entire
ASD spectrum. Participants were evaluated as part of a clinical trial that
was conducted at the Attikon General Hospital, Athens Medical School,
Athens, Greece.47 Children were diagnosed with ASD on the basis of
clinical assessment and corroborated by meeting the cutoff scores on both
the DSM-IV-TR symptom list and the Autism Diagnostic Observation
Schedule algorithm. They were medication-free before blood draw for at
least 2 weeks for all psychotropic medications (4 weeks for ﬂuoxetine or
depot neuroleptics). The exclusion criteria were: (1) any medical condition
likely to be etiological for ASD (for example, Rett syndrome, focal epilepsy,
Fragile X syndrome or tuberous sclerosis), (2) any neurologic disorder
involving pathology above the brain stem other than uncomplicated
nonfocal epilepsy, (3) contemporaneous evidence or unequivocal retrospective evidence of probable neonatal brain damage, (4) any genetic
syndrome involving the CNS even if the link with autism was uncertain, (5)
clinically signiﬁcant visual or auditory impairment even after correction, (6)
any circumstances that might possibly account for the picture of autism
(for example, severe nutritional or psychological deprivation), (7)
mastocytosis (including urticaria pigmentosa), (8) history of upper airway
diseases, (9) history of inﬂammatory diseases, (10) history of any allergies.47
This protocol was approved by Attikon Hospital Human Investigation
Review Committee.
All blood samples were labeled only with a code number, as well as the
age and sex of the respective subject. Serum was also collected from
normally developing healthy children, unrelated to the ASD subjects, who
were seen for routine health visits at the pediatric department of the Social
Security Administration (IKA) polyclinic. All ASD and control blood samples
were prepared immediately and serum was stored in − 80 °C. Samples
were then transported by the senior Author on dry ice to Boston for
analysis.
Serum from unaffected (n = 18) and affected BTs (n = 14) and unaffected
Labrador retriever dogs (n = 6) was collected at various facilities accessible
to the owners and was sent to the senior Author’s laboratory on dry ice.
Information was also provided on age, sex and behavioral characteristics of
all dogs. Phenotypic data were also collected from behavioral surveys of
additional BTs (total 45 affected and 42 control) to more precisely examine
behavioral differences between affected and unaffected dogs.

Extraction of serum peptides
The extraction of serum NT and CRH peptides was performed using a SEPCOLUMN containing 200 mg of C18 (Cat. No. RK-SEPCOL-1), buffer A (Cat.
No. RK-BA-1) and buffer B (Cat. No. RK-BB-1; Phoenix Pharmaceuticals,
Burlingame, CA, USA). A combination of a centrifugal concentrator (Savant
Speedvac SVC 100H) and a lyophilizer (Edwards K4 Modulyo Freeze Dryer,
West Sussex, England) was used for drying the samples after extraction.
First, Speedvac was used to dry the samples for approximately 15 min to
remove the organic layer. The remaining sample was snap-frozen in liquid
nitrogen and freeze-dried overnight using a lyophilizer. The dried extracts
were then reconstituted with 1 × assay buffer and phosphate-buffered
saline for NT determination in human and dog serum samples,
respectively.

Assessment of serum NT and CRH levels
Human and dog serum NT levels were determined with commercially
available enzyme-linked immunosorbent assay kits (Phoenix Pharmaceuticals) and (TSZ Scientiﬁc, Framingham, MA, USA), respectively, according
Translational Psychiatry (2014), 1 – 7

to the manufacturers’ protocol. Human and dog serum CRH levels were
determined with commercially available enzyme-linked immunosorbent
assay kit (Phoenix Pharmaceuticals).

Statistical analysis
Before analysis, the data were validated and inspected for outliers. The
results are presented both as scattergrams and box plots. In scattergrams,
the symbols represent individual data points, the long horizontal lines
represent the mean and the shorter ones show the 95% conﬁdence
intervals for each group. In box plots, the horizontal line in the box
separates the 2.5 and 97.5 percentiles and the bars show standard
deviation. Normality of distribution was checked with the Shapiro–Wilk’s
test. Comparisons between two different groups were performed using
Mann–Whitney U-tests. For the analyses, we used the GraphPad Prism
version 5.0 software (GraphPad Software, San Diego, CA, USA). Signiﬁcance
of comparisons between healthy subjects and subjects with ASD is
denoted by Po0.05. Any association between serum levels of CRH and NT
were examined using Spearman’s rank correlation. Fisher’s exact test was
performed to assess whether there is any relationship between the
number of ASD children with GI symptoms and high serum NT levels and
whether it is more than expected by chance. The two-sided P-value o0.05
was considered statistically signiﬁcant.

RESULTS
Serum NT levels are signiﬁcantly (P = 0.02) elevated (0.40 ± 0.56
ng ml − 1) in children, (n = 38, 4–10 years old) with ASD as
compared with normotypic (n = 13, 4–10 years old) controls
(0.03 ± 0.03 ng ml − 1; Figure 1a). Speciﬁcally, there were two
clusters of ASD children with low and high serum NT levels
indicating two subgroups. Low NT levels are those below the
mean, whereas high NT levels are those above the mean.
There is a strong correlation between the number of ASD
children with GI symptoms and high serum NT levels (Figure 1b,
P = 0.0023).
Serum CRH levels are signiﬁcantly (P o 0.0001) elevated
(0.41 ± 0.19 ng ml − 1) in children (n = 38, 4–10 years old) with
ASD as compared with normotypic (n = 13, 4–10 years old)
controls (0.21 ± 0.08 ng ml − 1; Figure 2).
Serum NT levels are also signiﬁcantly (P o0.0001) elevated
(0.11 ± 0.03 ng ml − 1) in tail-chasing (Figure 3) BT dogs (n = 14,
1–15 years old) as compared with unaffected (n = 18, 6.5 months–
11 years old) BT (0.07 ± 0.02 ng ml − 1; Figure 3). There was no
difference between Labrador retriever and unaffected BT controls
(Figure 4a), but there was still a signiﬁcant difference between
Labrador retriever (dog) controls and affected BTs (Figure 4b).
It should be noted that human serum NT levels range from
0.004 to 1.63 ng ml − 1, whereas those of dogs are lower, ranging
from 0.05 to 0.2 ng ml − 1.
Serum CRH levels are also signiﬁcantly (P = 0.002) elevated
(0.36 ± 0.06 ng ml − 1) in affected BT dogs (n = 14, 1–15 years old) as
compared with (0.24 ± 0.12 ng ml − 1) unaffected BT controls
(n = 18, 6.5 months–11 years old; Figure 5).
There is no signiﬁcant correlation between serum CRH and NT
either in children with ASD or in the affected BTs. There is also no
signiﬁcant correlation between serum CRH or NT and severity of
symptoms in children with ASD. There is a possibility that high NT
serum levels in ASD children with GI symptoms may reﬂect GI
pathology only. However, no such information is available for the
affected BTs, in whom the serum NT values are also more evenly
distributed.
DISCUSSION
Our present ﬁndings that serum NT is increased in children (4–10
years old) on the entire ASD spectrum conﬁrm and expand our
previous report of increased NT in 3-year-old children with autistic
disorder (105.6 ± 31.5 pg ml − 1).38 The present values in affected
children (4–10 years old) on the entire ASD spectrum are higher
© 2014 Macmillan Publishers Limited
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Figure 1. (a) Comparison of serum NT levels in normal and ASD children (i) Symbols represent individual data points, the long horizontal lines
represent the mean and the shorter ones show the 95% conﬁdence intervals (CI) for each group (ii) Data are presented as box plots with the
horizontal line in the box separating the 2.5 and 97.5 percentiles and the bars showing standard deviation. (b) Correlation of number of ASD
children with GI symptoms and high serum NT levels (P = 0.0023, Fisher’s exact test). Low NT levels are those below the mean, while high NT
levels are those above the mean. ASD, autism spectrum disorder; GI, gastrointestinal; NT, neurotensin.

p<0.0001

1.5

Serum CRH Levels (ng/mL)

Serum CRH Levels (ng/mL)

1.5

1.0

0.5

0.0

p<0.0001

1.0

0.5

0.0

Healthy Controls
n=14

Autistic children
n=38

Healthy Controls
n=14

Autistic children
n=38

Figure 2. Serum levels of CRH in normal and ASD children (i) Symbols represent individual data points, the long horizontal lines represent the
mean and the shorter ones show the 95% CI for each group (ii) Data are presented as box plots with the horizontal line in the box separating
the 2.5 and 97.5 percentiles and the bars showing standard deviation. ASD, autism spectrum disorder; CI, conﬁdence interval; CRH,
corticotropin-releasing hormone.
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Figure 3. Serum levels of NT in unaffected and affected (autistic-like) Bull Terriers (BTs). (i) Symbols represent individual data points, the long
horizontal lines represent the mean and the shorter ones show the 95% CI for each group. (ii) Data are presented as box plots with the
horizontal line in the box separating the 2.5 and 97.5 percentiles and the bars showing standard deviation. CI, conﬁdence interval; NT,
neurotensin.

p=NS

p=NS
0.12

Serum Neurotensin Levels
(ng/mL)

Serum Neurotensin Levels
(ng/mL)

0.12

0.09

0.06

0.03

0.00

0.09

0.06

0.03

0.00

LAB
n=6

Unaffected BT
n=18

LAB
n=6

p=0.006

Serum Neurotensin Levels (ng/mL)

Serum Neurotensin Levels (ng/mL)

p=0.006
0.20

0.15

0.10

0.05

0.00

LAB
n=6

Affected BT
n=14

Unaffected BT
n=18

0.20

0.15

0.10

0.05

0.00

LAB
n=6

Affected BT
n=14

Figure 4. (a) Comparison of serum NT levels in control Labrador retriever (LAB) dogs and unaffected BTs. (i) Symbols represent individual data
points, the long horizontal lines represent the mean and the shorter ones show the 95% CI for each group. (ii) Data are presented as box plots
with the horizontal line in the box separating the 2.5 and 97.5 percentiles and the bars showing standard deviation. (b) Comparison of serum
NT levels between control LAB dogs and affected BTs. (i) Symbols represent individual data points, the long horizontal lines represent the
mean and the shorter ones show the 95% CI for each group. (ii) Data are presented as box plots with the horizontal line in the box separating
the 2.5 and 97.5 percentiles and the bars showing standard deviation. BT, Bull Terrier; CI, conﬁdence interval; NT, neurotensin.

(403 ± 558 pg ml − 1) than the younger children reported before
even though the serum NT values in the control children are
similar (60.5 ± 6 pg ml − 1 vs 32.5 ± 31.5 pg ml − 1, respectively).
Serum NT and CRH levels did not correspond to the severity of
ASD symptoms. It would be interesting to correlate serum CRH
Translational Psychiatry (2014), 1 – 7

levels and extent of stress in ASD children in future studies;
however, this would be difﬁcult to document since most children
with ASD are nonverbal.
In mammals, NT was originally isolated from brain.39 The
highest concentration of NTR reported in the brain is in
© 2014 Macmillan Publishers Limited

Serum NT and CRH in autistic children and dogs
I Tsilioni et al

5
p=0.002

p=0.002
0.5

Serum CRH Levels (ng/mL)

Serum CRH Levels (ng/mL)

0.5
0.4
0.3
0.2
0.1
0.0

0.4
0.3
0.2
0.1
0.0

Unaffected BT
n=18

Affected BT
n=14

Unaffected BT
n=18

Affected BT
n=14

Figure 5. Serum levels of CRH in unaffected and affected (autistic-like) Bull Terriers (BTs). (i) Symbols represent individual data points, the long
horizontal lines represent the mean and the shorter ones show the 95% CI for each group. (ii) Data are presented as box plots with the
horizontal line in the box separating the 2.5 and 97.5 percentiles and the bars showing standard deviation. CI, conﬁdence interval; CRH,
corticotropin-releasing hormone.
Table 1.

Bull Terrier (n = 87) behavioral signs
Affecteda n = 45 Unaffectedb n = 42 Statistical test

Symptoms
Is withdrawn/noninteractive with people
Is withdrawn/noninteractive with other dogs
Has an object preoccupation
Has noise sensitivity
Presence of a high prey drive (chasing small animals and fast-moving objects)

9
8
28
12
19

c

(20)
(18)
(62)
(28)
(56)

2
2
5
1
7

c

(5)
(5)
(12)
(3)
(33)

P-value

Chi square
0.033
Fisher’s exact test
0.091
Chi square
o 0.0001
Chi square
0.002
Chi square
0.104

a

Shows repetitive tail chasing. bDoes not show repetitive tail chasing. cn (%).

regions48,49 suspected to be affected in most children with ASD.
NT-producing cells are distributed along the length of the
duodenum, jejunum and ileum and can release NT from
cytoplasmic granules in response to several stimuli, such as fat
and bacterial products.50 Most of the evidence that links NT to the
pathophysiology of GI disorders is based on animal models.
Nevertheless, recent results from normal or diseased human colon
implicate NT in human disease.50
NT may induce neurotoxicity directly by activating NMDA
receptors or inducing migration on microglia.51,52 NT also
stimulates rodent MCs to secrete histamine and elevates
histamine plasma levels through NTR.53 Activation of MCs leads
to release of multiple mediators with potent vasodilatory,
inﬂammatory and nociceptive properties54 through which they
participate in acute and delayed hypersensitivity reactions in the
skin.55 In addition, MCs are critical for innate and acquired
immunity, as well as for inﬂammatory processes.54,56,57 Our ﬁnding
that CRH is also increased in both ASD children and affected BTs
may explain the behavioral sensitivity of these subjects to stress.11
We had previously reported that NT augments the ability of CRH
to increase skin vascular permeability in rodents.44 NT also induces
CRHR-1 gene expression on MCs58 and may mediate the effect of
stress on immunity by at least targeting MCs,59 as part of a ‘brainskin’ connection.60 The possible role of CRH in skin61 and GI62
diseases was reviewed recently.
We also show a strong correlation between the number of ASD
children with GI symptoms and high serum NT levels. This ﬁnding
is important because many children with ASD have GI symptoms12
and may implicate NT in at least a subphenotype of children with
ASD. Nevertheless, the high serum NT levels in these children may
simply reﬂect GI pathology.
CRH is typically secreted from the hypothalamus under stress
and activates the hypothalamic–pituitary–adrenal axis. However,
© 2014 Macmillan Publishers Limited

CRH and CRHR gene and peptide expression have been
documented in human skin63 and gut.64 Stress induces local
release of CRH in the skin and the gut,64 and stimulates
degranulation of MCs.43 MCs are located close to CRH-positive
nerve endings in the brain,65 as well as the gut.66 CRH can be
released from skin cells,67 immune cells68 and MCs.69 Human MCs
also express mRNA and protein for CRHR-1, activation of which
induces selective release of VEGF.70 These ﬁndings have led to the
proposal that the skin may have its own equivalent of the
hypothalamic–pituitary–adrenal axis.46 The high serum CRH found
in ASD children may explain why they cannot tolerate stress and
how stress worsens allergic diseases in general.71–74
Our new demonstration that NT and CRH are signiﬁcantly
increased in ‘affected’ tail-chasing BTs supports the premise that
these dogs could represent at least an autism endophenotype.75
ASD is heterogeneous and there are likely subsets of ASD
individuals.19,76 Our results also suggest the presence of two
clusters of children with low and high serum NT levels (low NT
levels are the levels below the mean, whereas high NT levels are
those above the mean) indicating at least two subgroups.
A study of 333 BT dogs, comparing those affected with tail
chasing disorder to normal controls37 produced intriguing
parallels between the dogs’ condition and ASD (for a subset
Table 1). Those BTs that exhibit tail chasing tend to be: (a) male; (b)
are affected as early as 8 weeks of age; (c) are triggered by arousal
or frustration in response to identiﬁable psychological, physiological or environmental events; (d) cannot handle stress; (e) have
disabilities in social interaction; (f) ﬁnd it difﬁcult to communicate
(affected BTs are relatively unresponsive to human signals); (g)
have learning disabilities (affected dogs can be impossible to
train); (h) exhibit repetitive behavior patterns, such as ﬂank
sucking and circling; (i) show ﬁxations/fascinations with objects; (j)
exhibit self-injurious behavior (as a result of tail chasing;
Translational Psychiatry (2014), 1 – 7
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Supplementary Figure 1); and (k) display aggressive behavior
(both mild owner-directed aggression and explosive aggression),
extreme explosive aggressive behavior (episodic dyscontrol or
putatively a partial seizure event). They also exhibit trancing (an
absence seizure-like behavior exhibiting a ﬁxed stare and
associated immobility) signiﬁcantly more frequently than
controls.37 Affected BTs are also more prone to environmental,
social and situational phobias that makes high serum CRH levels
relevant.37 Many owners of BTs in the aforementioned study
reported that their dogs were ‘socially withdrawn’ and some
spontaneously used the term ‘autistic’ to describe their
personality.
Preliminary results we have obtained with colleagues from a
genome-wide association study of a population of tail-chasing BTs
and controls conducted at the National Human Genome Research
Institute suggest that some genetic inﬂuence may contribute to
the phenotype of tail-chasing BT. Interestingly, a cadherin 8 gene
abnormality was reported as conferring susceptibility to autism,77
and single-nucleotide polymorphisms between cadherin 9 and 10
have also revealed strong association signals with autism risk.78
This is the ﬁrst time that serum NT and CRH are shown to be
signiﬁcantly increased in both young children on the ASD
spectrum and in BTs affected with a phenotype reminiscent of
autism. This dog breed may be useful in the investigation of the
diagnosis, pathogenesis and treatment of ASD. NTR and/or
CRHR-1 antagonists, as well as MC blockers, could provide
possible therapeutic approaches for stress-induced ASD. For
instance, the natural ﬂavonoid luteolin79 is known to inhibit mast
cell-mediated allergic inﬂammation,80 and a dietary supplement
containing luteolin was recently reported to signiﬁcantly beneﬁt
children with ASD.47
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