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ABSTRACT

Objectives: The objectives of the study were to assess serum dipeptidyl peptidase-IV (DPP-1V) activity in autistic children suffering from severe
gastrointestinal (GI) disorder and to examine the hypothesis that there is a link between DPP-1V activity in serum and GI disorder in a subgroup of
children with autism spectrum disorder (ASD).

Subjects and Methods: Serum levels of casein antibodies and DPP-IV enzyme activity from 40 autistic children with chronic GI symptoms, and 40 of
age-matched children without autism or gastrointestinal (GI) symptoms were assayed using enzyme-linked immunosorbent assay Kkits.

Results: In comparison with controls, developmental milestones were delayed among autistic children. The serum DPP-1V activity was significantly
lower in the studied patients (p<0.05), while the mean serum levels of casein antibodies were statistically significantly higher in the studied patients
(p<0.01). Multiple logistic regression analysis recorded significant association between the high serum level of antibodies to casein, food selectivity
and recurrent attacks of abdominal pain (p<0.05), while the low serum DPP-IV enzyme activity was associated with recurrent attacks of abdominal
pain in the studied patients with a prediction of 95% (p<0.05).

Conclusions: Serum levels of casein antibodies were higher in children with ASD, and maybe contributes to their abdominal pain, and food selectivity.
Serum DPP-1V enzyme activity was lower and associated with recurrent attacks of abdominal pain in the studied patients. They may benefit from a
supplemental digestive enzyme formula.
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INTRODUCTION lymphocytes in some individuals with autism who have an allergic
response to casein (milk allergy). The dietary peptides (from casein)
may bind to DPP-1V (CD26), leading to the production of autoantibody,
modulation and expression of immune as well as inflammatory

reactions in autistic children [11].

Autism is a neurodevelopmental disorder characterized by impairments
in verbal and non-verbal communication; language and reciprocal social
interaction with patterns of restricted and repetitive behaviors [1]. The
etiology and pathogenesis of autism remain unexplained and assumed
either due to genetic susceptibility or environmental exposure or by
both during brain developmental stage of the children. The prevalence
of autism spectrum disorder (ASD) has increased by more than
10 times, and it is estimated as 1 in 88 children in the United States [2].

Till now the exact medications for management of GI symptoms in ASD
children are unknown. Optimal keeping of a free diet from casein is
difficult because many everyday foods and items are hidden resources.
The treatment of autistic children is mainly directed toward the
controlling of symptoms. Bashir and AL-Ayadhi [12] supposed that DPP-
IV supplementation can requite for the slow digestion, of protein and
can be beneficial in lowering or eliminating the inflammatory response
related to casein, decreasing the need for a highly restricted food
regimen. Therefore, this study aimed to measure antibody response to
casein protein through assessing serum levels of casein antibody, and
DPP-IV enzyme activity among Egyptian autistic children and evaluates
their relationship with the GI symptoms, and feeding behavior of these

Casein is the protein observed in dairy products and some medication,
including the pill or stomach tablets. Proteins in milk create specific
casein antibodies in large amounts which initiate immediate or delayed
inflammatory reaction [3].The patients can manifested either very
quickly after feeding (rapid onset) or up to several days or even weeks
after consuming the dairy products (slow onset). The most common
symptoms are gastrointestinal (GI), respiratory, and cutaneous
eczema [4-6].

children.
Dipeptidyl peptidase-IV (DPP-IV) (CD26), a proteolytic protein-
digesting enzyme, has been contained within the cells lining the small SUBJECTS AND METHODS
intestine villi. This enzyme plays an important role in the digestion of Subjects

casein containing foods [7]. Deficiency in DPP-IV enzyme may cause

maldigestion of these dietary proteins and produce small peptides Research design and setting

that bind to opioid receptors in the brain leading to interference with
cognitive function and contribute to the appearance of symptoms in
autistic children [8-10]. DPP-IV also originates from T-lymphocytes.
There is a very significant downregulation in CD26 expression on

This descriptive case-control study included 80 children being divided
into two groups; 40 autistic children (30 boys and 10 girls) in Group I,
their ages ranged from aged 6 to 12 years with mean of 8.2+2.4 years.
A control group was selected, which included 40 age and gender-
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matched unrelated apparently healthy children in Group II. This study
was carried out in the outpatient Clinic of Center for Care of Children
with Special Needs, Institute of Postgraduate Childhood Studies; Ain
Shams University, Egypt.

Sample size

The sample size was calculated to assess of the risk factors probably
affecting serum levels of casein antibodies and DPP-1V activity of
children with autism.

Diagnosis

The diagnosis of pervasive developmental disorders was established
on the basis of medical history, physical examination according to the
fifth revision of the American Psychiatric Association’s Diagnostic and
Statistical Manual of Mental Disorders 5" Edition (DSM-V) criteria
by pediatric psychiatrists [13].The severity was evaluated using the
childhood autism rating scale (CARS) for autistic characters [14].

The term “food selectivity” has been used to refer to food refusal, and
restricted intake focusing on less vegetables, salads, high protein, high
starch or sweet. Food selectivity, or “picky eating,” is often observed
in young children and is a frequent cause of parental concern. Food
selectivity is more commonly reported in children with developmental
disabilities, particularly in children with ASDs, compared with typically
developing children [15].

Criteria of selection

The inclusion criteria for selection included all children with autism
and GI symptoms, who had been regularly attending outpatient Clinic of
Center for Care of Children with Special Needs, Institute of Postgraduate
Childhood Studies; Ain Shams University, Egypt. Patients were excluded
from the study if they were suffering from progressive neurological
disorders or unstable epilepsy.

Ethical approval

The study was approved by the Research Ethics Committee of Institute
of Postgraduate Childhood Studies; Ain Shams University with ethical
number 29.6.2010. Written informed consent was obtained from the
parents of the participating patients and controls.

Methods

All children were subjected to full detailed history including age, sex of
patients, and history of behavior disorders, the presence of convulsions,
duration and course of disease, age of beginning of treatment and the
treatment regimen, comorbidity or complications. Inquiring about
special diets, a prior of food allergy, types of food selectivity, frequent
vomiting, a prior diagnosis of gastroesophageal reflux, abdominal
pain, abnormal stool pattern, characteristics of the bowel movements,
diarrhea, constipation, use of laxatives or enemas, fecal soiling, number
of bowel movements per day, and prior visits to a gastroenterologist.

Developmental history was taken laying stress on all developmental
milestones (gross motor, fine motor, sphincter control, language,
cognitive development, and social milestones). Furthermore, behavioral
disorders (history of pica and stereotypic behavior) and dietary history
(being breast or artificially fed, duration, weaning history, and problems
during weaning) were noted.

All autistic children were submitted to thorough clinical examination
including neurological examination and a full clinical child psychiatric
evaluation for diagnosis of autistic spectrum disorder and exclusion of
other psychiatric disorders according to DSM-V.

The severity of autistic symptomatology was measured by the CARS.
It consists of 15 categories, each rated on a four-point scale. The
individual is considered nonautistic when his total score falls in the
range of 15-29. Based on the administration of multiple assessments,
insights into various aspects of autism are gained.
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Biochemical analyses

From all cases, and controls, 5 cc venous blood samples were obtained
by venipuncture and collected in plain tubes, allowed to clot at room
temperature, and then centrifuged for 10 min. Serum human casein
antibody level was measured using an enzyme-linked immunosorbent
assay (ELISA) using kit obtained from Glory Bioscience, USA according
to the method described by Greenberg [16]. The concentration of
casein antibody level in the samples was determined directly from the
standard curve. Cutoff values for serum human casein <200 ng/mL is
considered to be normal.

Serum DPP-IV enzyme activity was quantified by an ELISA using kit
purchased from Glory Bioscience, USA according to manufacturer’s
instruction. The cutoff value was calculated from healthy control samples.

Statistical analysis

Statistical analyses were performed using the SPSS statistical package
software for Windows version 22 (SPSS Inc., Chicago, Illinois, USA).
Data obtained from the research will be organized, tabulated and
analyzed through IBM personal computer. Parametric variables are
expressed as the mean +* standard deviation. Differences between
parametric variables among the controls and the studied patient’s
groups were analyzed using two-tailed unpaired t-test. Qualitative
variables were assessed by Chi-square test. Multiple logistic regressions
were performed to identify for the association between serum DPP-IV
activity, casein antibodies and GIT symptoms. p<0.05 was considered
significant difference and p<0.005 was considered the highly significant
difference.

RESULTS

A total number of 40 autistic patients, 60% males and 40% females
were recruited into this study, giving a male to female ratio of 1.5:1 and
a significant sex distribution (p<0.05). The age of the patients ranged
from 6 to 12 years with a mean of 8.32+0.7 years.

The degree of CARS in autistic patients: 37.5% of our patients showed
mild degree of autism with CARS, 35% with moderate degree of autism,
and 27.5% with severe autism. Classification of the patients according
to CARS is shown in Table 1.

Delayed speech was present in 72% of our patients, tendency to play
lonely in 51%, inattention to mother and loss of eye contact in 32%. Fig.
1 showed the specific presenting symptoms of autism.

In our study, developmental milestones were retarded among autistic
children compared to the control group. Table 2 showed a comparison
between the studied patients and controls regarding to developmental
milestones.

Concerning feeding pattern of the studied patients, food sensitivity to
particular foods was present in (47.5%), anorexia in (50%), and food
selectivity with refusing different kinds of foods in (40%). Table 3
showed feeding pattern of the studied patients.

The mean serum DPP-1V activity was statistically significantly lower
in the studied patients (3964+383.99 1U/L) compared to the controls
(3839.14499.08 IU/L) (p<0.05), while the mean serum levels of casein
antibodies were statistically significantly higher in the studied patients

Table 1: Classification of the patients according to CARS

Groups Cases n (%)
Mild 15 (37.5)
Moderate 14 (35)
Severe 11 (27.5)
Total 40 (100)

CARS: Childhood autism rating scale
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Table 2: Comparison between the studied patients and controls as regards developmental milestones

Items Cases group n=40 (%) Control group n=40 (%) t p

Delayed walking 15 (37.5) 1(2.5) 47.9 0.00**
Delayed sitting 28 (70) 0(0) 28.68 0.00**
Delayed head support 40 (100) 0(0) 25.2 0.00**
Afraid 15 (37.5) 4 (10) 18.9 0.00**
No wave bye-bye 28 (70) 2(5) 1.3 0.00**
No mothers recognition 36 (90) 0(0) 1.28 0.00**
Delayed speech 40 (100) 0(0) 2213 0.00**

**Highly significant difference at p<0.01

Table 3: Feeding pattern of the studied patients group

Variables Cases n (%)

Food sensitivity 19 (47.5)

Food selectivity 16 (40)

Anorexia 20 (50)

80% -

70% -

60% -

50% -

40% -

30% A

20%

10% -

0% T T T f

Delayed Play alone Inattension loss of eye
speech contact

Fig. 1: The specific presenting symptoms of autism

(681.37+120.26 IU/L) compared to the controls (214.52+21.58IU/L)
(p<0.01), as shown in Table 4.

There were no significant sex differences in the serum levels of casein
antibodies and DPP-1V in the studied patients, as shown in Table 5.

Multiple logistic regression analysis showed significant association
between the serum DPP-IV enzyme activity and significant causative
factors of recurrent attacks of abdominal pain in the studied patients
with a prediction of 95% (p<0.05). Table 6 showed multiple logistic
regression analysis of factors associated with low serum DPP-IV
enzyme activity in the studied patients.

On analyzing risk factors using multiple logistic regression models, food
selectivity and recurrent attacks of abdominal pain were statistically
associated with high serum casein antibody level in the studied
patients with a prediction of 95% (p<0.05). Table 7 showed multiple
logistic regression analysis of factors associated with high serum casein
antibody level in the studied patients.

DISCUSSION

ASD is a common neurodevelopmental disorder that is manifested by
repetitive behaviors, social and communication problems, abnormal
movement patterns, and sensory dysfunction [17,18]. Autistic
children have difficulty in presenting the words in their proper
meaning do not like alteration in routines, and act in abnormal
behaviors [19].

A total number of 40 autistic patients, 60% males and 40% females
were recruited into our study, giving a male to female ratio of 1.5:1 and
a significant sex distribution (p<0.05). This finding is in agreement with

Itzchak et al., [20] who reported that autism is more often in boys than
girls where 1 in 54 boys and 1 in 252 girls are affected with autism.

In our present study, 72% of our patients suffered from delayed speech,
51% started with symptoms like to play alone, 32% presented with
inattention to mother, and loss of eye contact. In all studied patients,
developmental milestones were delayed among autistic children
compared to the controls. This is in agreement with Noens et al. [21]
who mentioned that approximately a third to a half of autistic children
with do not develop adequate natural speech to fulfill their daily
communication demands. In addition, Volkmar and klin [22] stated
that social aberrations as poor eye contact, inability to utilize nonverbal
gestures, and lack of ability to play were recognizable in ASDs children.
A study by Zhongguo [23] demonstrated that autistic children exhibited
a series of atypical behaviors, involving no social smile, no eye contact,
no response to own name, and delay in speech.

In the present study, all studied developmental milestones were
significantly delayed in our autistic children versus the controls. In
agreement to our findings, Filipek et al. [24] noted delayed speech
and language skills in children with autism. McPartland and Klin [25]
discovered that autistic children may be retarded in acquiring motor
skills, or have an abnormal gait. Juneja et al. [26] observed that 96% of
autistic children have motor developmental delay being associated with
qualitative impairment in social interaction and verbal communication.

To our best knowledge, there is no available research in the literature
regarding the connection between DPP-IV enzyme and casein intolerance
among autistic children in Egypt. Therefore, our study is considered to
be the first clinical study that measured antibody response to casein and
DPP-IV enzyme activity among autistic children in Egypt and examined
their relationship with their GI symptoms and feeding pattern.

Casein is found in foods containing milk ingredients. Normally, casein is
digested by digestive enzymes, but the enzymes of some cases are not
as effective leading to the appearance of the symptoms of intolerance
to casein include itching, abdominal pain, nausea, vomiting, or
diarrhea [27,28].

Concerning feeding pattern of our studied patients, food sensitivity
presented in 47.5%, anorexia in 42.2%, refusing different kinds of
foods such as vegetables, salads and fresh fruit and foods selectivity in
40%, and 70.3% of patients reported GIT signs and symptoms. Such
symptoms included chronic diarrhea in 96.7%, vomiting in 43.3%,
abdominal pain in 63.3%, and abdominal distension in 23.3%. Our
results converge with previous data reported by Valicenti-McDermott
et al. [27] who observed that 70% of children with autism have GIT
problems, while Campbell et al. [28] reported 43% of children with
autism had GIT problems in the form of diarrhea, abdominal pain,
bloating, or vomiting.

In our present study, the mean serum levels of casein antibodies were
statistically significantly higher in the studied patients relative to
the controls (p<0.01). This finding is in respect with Jyonouchi et al.
[3], who proved a link between casein intolerance and autism. They
explained this link as children who have casein intolerance are not able
to fully metabolize food containing casein proteins. This leads to the
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Table 4: Comparison of serum DPP-IV enzyme activity and casein antibodies levels of the studied patients and control groups

Variables Cases (n=40) Control (n=40) t p
Serum DPP-IV enzyme activity

Mean+SD 3964+383.99 3839.14+99.08 2.05 <0.05

Range 2950-4800 3700-4050
Serum casein antibodies

Mean+SD 681.37+120.26 214.52+21.58 25.15 <0.01

Range 425-882 200-273
*Significant difference at p<0.05, **highly significant difference at p<0.01. DPP-IV: Dipeptidyl peptidase-1V, SD: Standard deviation

Table 5: Comparison of serum DPP-IV enzyme activity and casein antibodies levels of the studied patients as regard gender

Variables Males (n=40) Females (n=40) t p
Serum DPP-IV enzyme activity

Mean+SD 3912+291 3825.14+231 0911 0.346
Serum casein antibodies

Mean+SD 440+242 500+314 0.702 0.484

*Significant difference at p<0.05. DPP-IV: Dipeptidyl peptidase-1V, SD: Standard deviation

Table 6: Multiple logistic regression analysis of factors associated with low serum DPP-IV enzyme activity in the studied patients

Variables B SE Wald Significance 95% CI

Lower Upper
Constant 13.89 4.61 9.06 0.003
Recurrent attacks of abdominal pain 0.004 0.001 8.84 0.00** 0.994 0.999
Food selectivity 0.00 0.001 0.045 0.832 0.83 0.99

Dependent variable: Serum DPP-1V enzyme activity. *Highly significant difference at p<0.01. DPP-IV: Dipeptidyl peptidase-1V, CI: Confidence interval, SE: Standard error

Table 7: Multiple logistic regression analysis of factors associated with high serum casein antibody level in the studied patients

Variables B SE Significance 95% CI

Lower Upper
Constant 13.89 4.61 0.003
Recurrent attacks of abdominal pain 0.014 0.003 0.00** 0.981 0.991
Food selectivity 0.008 0.002 0.00** 0.00 0.98

Dependent variable: serum casein antibody level. **Highly significant difference at p<0.01. CI: Confidence interval, SE: Standard error

formation of small undigested harmful casomorphine (opioid) peptides
that in turn leak into the bloodstream and cross the blood-brain
barrier, reacting with brain areas such as the temporal lobes which are
responsible for speech and auditory integration. Furthermore, Onore
et al. [11] and de Magistris et al. [29] found high levels of antigen-
specific antibodies for casein in autistic children.

In our present study, the mean serum DPP-1V activity was recorded to
be lower in children with autism compared to asymptomatic controls.
This result is in parallel to that obtained previously by Bashira and
AL-Ayadhi [12] who stated that serum DPP-IV activity is found to be
lower in children with autism compared to controls. They suggested
that alterations in the serum activity of DPP-IV play a role in the
pathophysiology of autism, and some have an allergic response to
casein associated with a very significant downregulation in CD26
expression in lymphocytes.

In our present study, multiple logistic regression analysis revealed
significant association between the high serum levels of antibodies
to casein, food selectivity and recurrent attacks of abdominal pain
(p<0.05), while the low serum DPP-IV enzyme activity was associated
with recurrent attacks of abdominal pain in the studied patients with a
prediction of 95% (p<0.05). There were no sex differences in the serum
level of casein antibodies and DPP-IV activity.

Although diet free from casein was recommended for patients with
autism, the potential of this diet is still under discussion. Bashira and

AL-Ayadhi [12] suggested a new modality for the elimination of the
opioid effect in autistic children using DPP-IV enzyme therapy before,
during, or after meals, but no trials of supplementation of DDP-IV
enzymes as digestive enzymes were done in children with autism.

CONCLUSION

In children with ASD, recurrent attacks of abdominal pain were
associated with high serum levels of casein antibodies and
deficient in serum DPP-IV enzyme activity. This study provides
the opportunity for new line treatment of GI symptoms in autistic
children through using a supplemental digestive enzyme formula.
More studies are warranted before this digestive enzyme can be
widely recommended.
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