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Autism spectrum disorder (ASD) is a neurodevelopmental disorder
characterized by impairment in social interactions and communication
deficits. Over the last decades the prevalence of this disorder has
dramatically increased. A potential role for immune dysfunction has
been suggested in ASD.

The aim of the present study is to investigate the association of
some Immunological markers such as Macrophage migration inhibitory
factor (MIF) and immunoglobulins (IgG and, IgM ) among Iraqi autistic

children.

A case-control study was conducted on 60 autistic children
compared 3 to 12 years (48 males and 12 female ) with male to female
sex ratio of 4:1, whose Mean age + SD ( 6.01 £ 2.45) years old which
present in AL- Imam AL-Hussein Institute for care of autistic children in
AL- Najaf city and Rugayah center for Hearing and Speech in AL-
Diwaniaya city compared with equal number of healthy control group
participated during the period from 1% of December 2015 to 30" of
March 2016.

They were interviewed by using socio demographic questionnaire,
A Semi-structured interview schedule base on (ISAA) Indian Scale for
Assessment of Autism. The association of some Immunological markers
such as Macrophage migration inhibitory factor (MIF) and
immunoglobulins (IgG and, IgM) among Iraqi autistic children were
assessed by using enzyme linked immunosorbent assay (ELISA).

The results revealed a significant increase (P < 0.001) in autistic
patients serum levels of MIF(mean 13.31 ng/ml,ranged from 2.55 - 18.73
ng/ml) compared with healthy control (mean 5.61ng/ml,ranged from 2.42
- 10.74 ng/ml). Where there is a significant decrease (P < 0.001) in the



autistic patients serum levels of total IgG (mean 20.66 pg/ml, ranged
from 10.55 — 34.52 pg/ml) compared with healthy control(mean
38.01pg/ml,ranged from 26.89 — 50.24 pg/ml), and decrease in the
autistic patients serum levels of total IgM (mean 208.18 mg/dl,ranged
from 163.41- 245.75 mg/dl) compared with healthy control (mean
245.53 mg/dl,ranged from 200.96- 271.02mg/dl).

The results of study revealed that sleep problems and seizure are
present in 13 (21.7 %) and 7(11.7 %) respectively, which are important
clinical features of autism. Also the results showed 52 (86.67%) of the
autistic children were from urban area (p <0.001). No significant
association was found between birth order and autism (P > 0.05), and
anxiety and autism ( P > 0.05).

while the results revealed significant correlation between sleep
problem and severity of autistic behavior (p <0.05), but non-significant
correlation between child's age, child's gender and seizure with severity
of autistic behavior ( P > 0.05).
In conclusion the study revealed the important role of MIF in the
pathogenesis of Iragi autistic children, it showed higher level of serum
MIF and lower levels of serum 1gG and IgM in autistic patient compared

with healthy controls.
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1- Introduction and Literatures Review:
1-1 Introduction:

Autism spectrum disorder (ASD) involves a complex interplay of
both genetic and environmental risk factors, with immune alterations and
synaptic connection deficiency in early life. Immunological imbalance
(including autoimmunity) has been proposed as a major etiological
component in ASD. Also, epidemiological studies have established a
correlation of ASD with family history of autoimmune diseases;
associations with major histocompatibility complex haplotypes and
abnormal levels of immunological markers in the blood (Gottfried et
al.,2015). It is a heterogeneous group of behaviorally defined disorders
that are widely considered to be genetic in origin on account of the high
rates of heritability (Miles., 2011).

It is a neurodevelopmental disorder characterized by impaired social
interaction, verbal and non-verbal communication, and restricted and
repetitive behavior (Kohane et al., 2012). Parents usually notice signs
in the first two years of their child's life ( Myers and Johnson., 2007). It
affects boys four times more frequently than girls suggesting
involvement of the sex chromosomes (Nygren et al., 2012). When
females are affected, they usually exhibit severe mental retardation
(Karen et al.,, 2011). Over the past decades the prevalence of this
disorder has dramatically increased. Although the reason for this
increase is still up for debate, In 2012, the Autism and Developmental
Disabilities Monitoring (ADDM) Network published data from 14 sites
for the 2008 surveillance year, reporting a combined ASD prevalence
of 11.3 per 1,000 children aged 8 years (or one in 88) children (CDC.,
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2012). Comparison of the 2008 findings with those for previous
surveillance years showed anincrease in ASD prevalence of
approximately 23% compared with the 2006 estimates and 78%
compared with 2002.

While the etiology and pathogenesis of autism are poorly
understood, there is evidence that immune system abnormalities are
associated with symptoms in a substantial number of affected individuals
(Onore et al.,, 2012 ). Immune dysfunction plays a major role in the
pathophysiology of ASD(Abdallah et al ., 2012). Inflammatory changes
in the central nervous system (CNS)(Pardo-Villamizar., 2008), and the
peripheral immune system (Ashwood and Van de Water., 2004), have
been repeatedly reported in different biologic samples of individuals with
ASD. Interestingly, such dysfunctional immune profiles have been
reported during pregnancy, after birth and post mortem which may
indicate an ongoing immune dysfunctional profile in individuals with
ASD (Abdallah et al., 2011).

Aim of study

The aim of present study is to investigate the association of some
Immunological markers such as Macrophage migration inhibitory factor
(MIF), and immunoglobulin (IgG and, IgM ) among Iraqi autistic
patients by the following objectives:

A- Study of the some subjects characteristics like age, sex, duration
of the disease, behavior and family history.

B- Determining the levels of Macrophage migration inhibitory
factor (MIF), and immunoglobulin (IgG and IgM ) in those
patients compared to the normal population by using an enzyme-

linked immunosorbent assay (ELISA ) technique.
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C- Evaluating the relationship between these levels and the

severity of the disease and comparing them with normal persons.
1.2 Literature Review.

1.2.1 Overview of Autism.

Autism spectrum disorders are a complex group of severe
neurodevelopmental disorders that affect over 1% of children in the
United States (CDC.,2009). Typical symptoms of autism include
impairments in social interaction, deficits in verbal and nonverbal
communication, repetitive behaviors and restricted interests (Abrahams
and Geschwind,. 2008). In the majority of cases, the etiology of ASD is
not known and likely involves complex interactions between genetic,
epigenetic and environmental factors. Papers have described links
between genes that encode for immune-related proteins and ASD,
suggesting that abnormalities in the immune system may influence
aspects of brain development and synaptic functions that negatively
impact clinical outcomes relevant to ASD (Enstrom et al., 2009). Taken
together with well-established reports of cytokine-mediated influences on
neuronal function, differentiation, migration, proliferation, and behavioral
impairments in animal models, there is an emerging view of synergistic
relationships between immune dysfunction and genetic predisposition
that contribute to a subset of ASD cases (Ashwood et al., 2011).

1.2.2 History and Classification of Autism

The first use of the term “‘autistic” was in 1911, by the Swiss
psychiatrist Eugen Bleuler (1857-1939), referring to the limitation of
human relationships and the loss of contact with reality presented by
patients with schizophrenia (Ashok et al., 2012). The term was then
adopted by the Austrian pediatrician Hans Asperger (1906—-1980)
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working at the University Children’s Hospital-Vienna, referring to
“autistic psychopaths.” Asperger was investigating a form of autism
spectrum disorder (ASD) now known as Asperger syndrome and not
widely recognized as a separate diagnosis until 1981. In 1943, the
Austrian-American psychiatrist Leo Kanner (1894-1981) used the term
“autistic disturbances of affective contact” to describe 11 children with
behavior marked by difficulties in establishing affective and interpersonal
contact (Kanner.,1943). He reported a form distinct from other diseases,
such as schizophrenia, and that seemed to affect patients from the
beginning of their lives. In the following year, Hans Asperger described
cases exhibiting some characteristics similar to autism, which included
difficulty in social communication, but without cognitive loss (Frith.,
1991). In 1980, the term “autism” was first inserted in the third edition of
Diagnostic and Statistical Manual of Mental Disorders (DSM-III). In
1994, the fourth edition of the DSM included new criteria due to the need
to identify subgroups of individuals with autism, for both practical
purposes and research, considering the subdivisions: typical autism,
pervasive developmental disorder not otherwise specified (PDD-NQOS),
and Asperger syndrome (Louveau et al., 2015).

The fifth edition, DSM considered instead of three domains of
autism symptoms (social impairment, language/ communication
Impairment, and repetitive/restricted behaviors), only two categories: (1)
social communication impairment and (2) restricted interest/repetitive
behaviors. Also, the new classification eliminated the previously separate
subcategories into the broad term ASD (Giovannoni et al., 1998 ; APA.;
2013). As a developmental disorder, ASD includes different degrees of
severity and males are more affected than females by a ratio 5:1

approximately (Forrester et al., 2008) .
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1.2.3 Epidemiology of Autism

The 2012 review of global prevalence estimates of autism
spectrum disorders found that the median of the disease affect 62 cases
per 10,000 people ( Elsabbagh et al., 2012), with 4:1 male-to-female
ratio (Ali and Haitham., 2008). In Irag, there are some studies that have
shown the prevalence of the autistic children in lIrag but it is still
uncertain because its lack of inclusiveness , because there are a lot of
private centers for special needs and autistic children in Irag shall not
be subjected to the control or not supervised by any official specialists
(Sakr and Amal., 2014). International studies conducted about the autism
in Iraq as well.One of these in (2011) was prepared by the Autism
Research Center at Cambridge University, the study showed that after
the war in Iraq at 2003, autism cases recorded higher levels than before
the war. According to this study, 75 child are affected by autism out of
10,000 child with age range between 5 to 10 years old in 2012, an article
published on the website of the University of Guilford which estimated
that 5,000 Iragi child are affected by autism (Sakr and Amal., 2014).
Also in Saudi Arabia and according to report conducted by Jada
Center for Autistic Children in 2011 there is 1 autistic child in every 90
or 100 births, this is equivalent to 1% of the population (Aal., 2011), In
Oman, estimated an overall prevalence of 1.4 ASD cases per 10,000
children (Al-Farsi and Al-Sharbati., 2011). The prevalence of ASD was
29 per 10,000 children in UAE (Eapen et al., 2007), and 4.3 per 10,000
in Bahrain (Al-Ansari and Ahmed., 2013).

The prevalence of ASD among children with developmental
disorders in Egypt and Tunisia was documented as 33.6% and 11.5%
respectively (Seif Eldin et al., 2008).
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The U.S. Department of Health and Human Services and the U.S.
Centers for Disease Control and Prevention (CDC), in 2011 and 2012
reported that 1 from 50 U.S. children aged 6 to 17 years had been
diagnosed with autism (200 per 10,000) (NHSR., 2013). This prevalence
was significantly higher than that which reported in 2007 (1 in 88) for
children in the same age group (CDC. 2014 ). In the United Kingdom,
currently reported autism prevalence is 1 in 64 children (157 per 10,000)
(Baron-Cohen et al., 2009).

1.2.4 Etiology and Risk Factors of Autism
The etiology of ASD has been a widely debated issue for several

decades. However, the etiology of ASD remains poorly understood
(Rossignol and Frye., 2011a).Twin studies provide evidence that
susceptibility to ASD may have significant environmental components, in
addition to genetic heritability (Ronald and Hoekstra., 2011 ; Hallmayer
et al., 2011). Others have proposed that it may be a combination of three
factors-genetic , environmental and neurological development (King,
2015). This wide range of factors has caused uncertainty among parents
and family members and so have led some to deduce their own etiology.

Some parents believe that ASD is caused by a combination of
biological and environmental factors (Dardennes et al., 2011 and Mercer,
et al., 2006), while many others hold the opinion that there is a significant
connection between vaccines and autism spectrum disorder (Bazzano et
al., 2012 ; Russell et al., 2009). Although many studies around the world
have shown that there is no relationship between vaccines and ASD,
many parents adamantly hold the view to the contrary (Bazzano et al.,
2012 ; Gerber and Offit., 2009).
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1.2.4.1 Gender and Genetic Factor

Sex act as a risk factor of ASD. The prevalence of ASD is higher in
male than female. The reason for 4/1 male to female ratio in ASD is not
very well understood but it is very important. Recent studies implicate
some epigenetic phenomena such as sex-specific effects of Y-linked
genes, balanced, as well as skewed X-inactivation, escaping X-
Inactivation, and parent-of-origin allelic gene among others in the
etiology of ASD (Schaafsma and Pfaff ., 2014) , and heterogeneity in
gene regulation at allelic level as well as total gene expression (Ben-
David et al., 2014). These sex differences may be due to genetic and
hormonal differences that could be initiated during early times of
development due to differences in responses to and interactions with
various environmental factors such as diet, stress, infection, and drugs.
Due to the involvement of many X-linked genes involved in placenta
formation and placenta-specific epigenetic processes, placenta plays an
important role in sex-specific responses to environmental factors and
disease states later in life (Gabory et al., 2013). Early maternal immune
activation may cause prenatal stress, affecting boys more severely due to
a vulnerable genotype (Schaafsma and Pfaff., 2014).

Genetic factors contribute significantly to disease expression and
severity. The genetic cause has long been implicated to be a strong
evidence-based etiology (Silver and Rapin., 2012), in cases of some co-
occurring or associated conditions with ASD such as tuberous sclerosis,
fragile X syndrome, Rett syndrome (Betancur et al., 2009) and some
other. Siblings of autistic offspring have a higher incidence of autism than
the general population (White.,, 2003) and twin studies have also
indicated that dizygotic twins share much higher rates of autism
concordance compared to non-twin siblings indicates a role for shared

environmental risk factors in elevating autism risk (Hallmayer et al.,
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2011). There is a wide range of phenotype but more genetically
homogeneous ASD patients present with less phenotypic heterogeneity
(Bruining et al., 2010). In addition, human genetic investigations and
animal models of ASD detected de novo copy number mutations and
rare variant mutations resulting in abnormal alleles in the person or close
ancestry that influence neuroanatomical and behavioral traits (Shinoda et
al., 2013; Ronemus et al., 2014; Malhotra et al., 2012). These studies
have shown dysregulations in genes involved in synapse function (Zoghbi
and Bear., 2012). A comprehensive and informative review of several
genetic studies (Banerjee et al., 2014) show abnormal assembly or
structure of several transmembrane and scaffolding proteins involved in
synaptogenesis and its maintenance, as well as dysregulation of genes
involved in the signal transduction mechanism of synapse formation, are
among the major genetic abnormalities of ASD. With the discovery of
several genes as well as interactions of multiple genes in one individual,
epigenetic factors, and effects of environmental modifiers on these genes
in ASD, genetic causes including the diagnosable medical conditions,
single-gene defect, and cytogenetic problems comprise 25% of the ASD
patients so far ( Miles., 2011).

1.2.4.2 Environmental Factors
a. Prenatal and Perinatal Factors

A meta-analysis of prenatal factors, limited to pregnancy-related
factors, identified few significant risk factors(Gardener et al., 2009). The
main factors are maternal gestational diabetes, maternal bleeding during
pregnancy, and maternal medication. More interestingly, maternal viral
infection in the first trimester and maternal bacterial infection in the
second trimester were found to be associated with ASDs in the offspring
(Atladottir et al., 2010).
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Moreover, exposure to intrauterine infections was associated with a
significant increase in the risk for autism. It seems that gestational viral
infections trigger a maternal immune response, which can perturb fetal
brain development, at least in part through interleukin-6. The same
authors identified several potential risk factors such as, the main being
fetal presentation, umbilical cord complications, fetal distress, birth injury
or trauma, multiple births, maternal hemorrhage, summer birth, low birth
weight, small for gestational age, low Sminute Apgar score, meconium
aspiration, neonatal anemia, ABO or Rh incompatibility, and
hyperbilirubinemia (Smith et al., 2007). Visser et al,. (2013) found that
the exposure to smoking during pregnancy and suboptimal conditions
following the birth of newborns were related to increased likelihood of
ASD.

b. Drugs and Toxic Exposure

Exposure to medication during pregnancy was found to increase
autism risk in the most meta-analyses studies (Gardener et al.,
2009). Prenatal exposure to valproate is a recognized risk factor for ASD,
especially in the first trimester of pregnancy. Children exposed in utero
to valproate have 8-fold increased risk to have ASD (Rasalam et al.,
2005). Moreover, one of the major concerns regarding medication
exposure during pregnancy concerns the use of antidepressants, since
selective serotonin reuptake inhibitor medication during pregnancy
increased from 1.5% in 1996 to 6.4% in 2004 and 6.2% in 2005 (Andrade
et al., 2008). It was suggested that antidepressant exposure during
pregnancy modestly increases the risk of ASD, especially in the first
semester (Croen et al., 2011). Exposure in utero to an organophosphate
insecticide, chlorpyrifos, was found to increase ASD risk and it was

suggested that synthetic chemicals should be far more explored
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(Landrigan.,2010). Lastly, mercury is a ubiquitous environmental
contaminant, that is, transformed into the volatile neurotoxins
methylmercury and ethyl mercury. Exposure to high levels of
environmental mercury and pollutants during pregnancy are also linked to
increased risk of ASD (Leslie and Koger., 2011). Another study
observed that there was a significantly increased risk for the incidence of
ASD after thimerosal-containing vaccine in comparison to the thimerosal-
free vaccine (Geier et al., 2013). Large-scale epidemiological surveys
have disputed a causal link between ASD and thimerosal exposure
(Clements and Mclntyre., 2006).

c. Maternal Immune Activation :

A number of studies show a link between ASD and a family
history of autoimmune diseases or those families with altered
inflammatory cytokines or other immune problems (Gesundheit et al.,
2013).

When antibodies developed in immune-mediated disorders were
introduced to pregnant monkeys, the offspring showed behavioral
changes and CNS pathology (Libbey and Fujinam., 2010). Perinatal
exposure to infection has been implicated in the pathogenesis of ASD and
schizophrenia (Meyer et al., 2011). Activation of the immune system in
pregnant mice leads to the activation of macrophages in the offspring
(Onore et al., 2014).

A study investigating the role of maternal autoimmune disease,
asthma, and allergy on developmental disorders looked at 560 ASD
patients and 168 cases of developmental delay without autism (DD) has
found a significant modest increase in both the ASD and DD combined
(the ASD alone data was not significant) in the children of sick mothers

during pregnancy. Anti- phospholipid antibodies have been linked with
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psychological problems such as cognitive malfunction, repetitive
behavior and anxiety. Increased levels of anticardiolipin, § 2-glycoprotein
1, and anti-phospholipid antibodies were found in the blood plasma of the
ASD children compared to their age matched typically developing
children and the DD children(Careaga et al., 2013).

Results of the animal studies indicate that the behavioral and
maternal immune activation are different among different mice species
referring to the possibility that a subpopulation of human might be more

vulnerable to particular environmental agents(Schwartzer et al., 2013).

Maternal immune activation due to infections, inflammatory
diseases and autoimmune diseases can have a deleterious effect on the
fetus by affecting fetal tissue and its consequences during postnatal
period. This area deserves more focus. Animal models of ASD especially

the infection models can be very informative.

1.2.5 Pathomechanisms of Autism

Deficits in synaptic maturation, which are characterized by weak
functional connectivity across brain regions, may play a role in the
pathomechanisms of neurodevelopmental disorders, including autism
(Courchesne and Pierce , 2005).
1.2.5.1 Neuropathological Changes in ASD.

Autism involves early brain overgrowth and dysfunction, which is
most strongly evident in the prefrontal cortex (Hazlett et al., 2011).
Increased brain size occurs without concomitant signs of edema
(Casanova., 2007 ). An excess amount of neurons in the prefrontal cortex
signals a disturbance in prenatal development and may be associated with
an abnormal cell type and laminar development (Stoner et al., 2014). In

postmortem and neuroimaging studies of ASD individuals exhibit
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numerous abnormalities including larger gray matter (Hazlett et al.,
2006 ; Ecker et al., 2013), white matter (Hazlett et al., 2006), amygdala
(Bellani et al., 2013a), hippocampus volumes (Groen et al., 2010),
smaller corpus callosum volumes (Bellani et al., 2013b), abnormal
cortical thickness (Raznahan et al., 2010 ; Wallace et al., 2010), and
lower numbers of neurons have been reported in the fusiform gyrus of
the temporal lobe and the cerebellum (Schumann et al., 2011). These
findings have been interpreted as supporting evidence for different
theories of ASD including, for example, the amygdala theory of autism
(Baron-Cohen et al., 2000) and the “under connectivity” theory of ASD
(Just et al., 2007) .

1.2.5.2. Immune system Imbalance in ASD:

Immunocytochemical studies have shown a marked activation of
microglia and astroglia, and cytokine profiling has indicated that
macrophage chemoattractant protein-1 and tumor growth factor-p1,
which are derived from neuroglia, were the most prevalent cytokines in
the brain tissues (Vargas et al., 2005). An immunohistochemical study in
autopsy brains with autism and matched controls showed significantly
increased densities of microglia in two functionally and anatomically
disparate cortical areas, namely the front insular and visual cortices,
suggesting the dense distribution of microglia throughout the cerebral

cortex in brains with autism (Tetreault et al.,2012).

1.2.5.2. 1 Inflammatory Response In Autism

Other conditions in ASD such as inflammation, inflammatory
response, and immune activation have long been implicated in the
pathogenesis of ASD but studies so far were not conclusive (Jyonouchi et
al., 2012). A number of studies reveal abnormalities of the peripheral
immune system supporting the ideas of immune involvement in ASD
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however, immune abnormalities such as activation of microglial cells and
innate neuroimmune system are also found in the brain and cerebrospinal
fluid (CSF) of ASD patient (Pardo et al., 2005).

Neuroimmune abnormalities have been recently reviewed elsewhere
(Goyal and Miyan., 2014). Blood brain barrier (BBB) is an important
regulator of the brain homeostasis (Samsam ., 2012). There are evidences
that the BBB function is altered in ASD children due to neurological
inflammation, immune dysregulation and increased inflammatory
cytokines in the brain (Noriega and Savelkoul., 2014).

Significantly lower subpopulation of CD4+ and CD8+lymphocyte
as well as imbalance between Thl and Th2- like cytokines have been
observed in autism (Gupta et al., 1998 ; Molloy et al., 2006) . Since the
Th2 pathway produces more immune-suppressory cytokines compared to
Thl arm that favors more the pro-inflammatory cytokines, and both arms
are reportedly activated with a predominant Th2 arm in ASD patients, it
might help the body tolerate and not to react towards many antigens
(possibly penetrated through Gl tract), but these antigens can have
deleterious effect on other tissues such as brain. More research is needed
to understand the role of immune system in ASD. A number of other
immune abnormalities have also been reported in ASD (Randolph-Gips

and Srinivasan., 2012).

1.2.5.2. 2 Cytokines Imbalance in ASD:

Cytokines have been shown to regulate the growth and cell
proliferation of neuronal tissue and to modulate host responses to
infection, injury, inflammation, and diseases of uncertain etiology
(Manzardo et al., 2012). Cytokines are secreted proteins that control the
intensity, duration, and characters of an immune response. Cytokines also

interact with neural systems and are involved in neural development and
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maintenance (Bauer et al., 2007). Cytokine profiles have been repeatedly
linked to ASDs (Molloy et al., 2006), and cytokine levels are reportedly
increased in pregnant mothers whose children later develop ASD (Goines
etal., 2011).

Transforming growth factor beta (TGF-p) has been linked to ASDs
in multiple studies (El Gohary et al., 2015). TGF-B is involved in diverse
aspects of development, cell migration, apoptosis, and regulation in both
the immune system and central nervous system (CNS) (Gomes et al.,
2005). Independent studies have described decreased levels of TGF-f in
blood samples from individuals with ASDs. El Gohary et al., 2015
reported their findings among a group of children with ASDs compared
with age-matched controls. Similar data were reported by (Ashwood et
al., 2008) in a large, thoroughly characterized group of children and
found that lower TGF- correlated with more severe behavioral scores in
ASD children. In contrast to the observation of lower TGF-f in peripheral
blood, TGF-p levels in postmortem brain and cerebrospinal fluid samples
were higher in persons with ASDs than those in controls (Vargas et al.,
2005). Although the relationship between CNS and peripheral TGF-J is
unclear, these studies collectively suggest that TGF-B dysregulation may
have a lifelong role in ASDs.

Another cytokine recently linked to ASDs is macrophage inhibitory
factor (MIF) (Grigorenko et al., 2008). MIF is a pro-inflammatory
immune regulator that is consti