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Abstract 

Autism spectrum disorder (ASD) is a psychological disorder that affects 1-2 per 100 

individuals. There is evidence that ASD patients display neuroinflammation. In this 

review, the link between ASD and neuroinflammation is highlighted. Several 

environmental factors are assessed, such as maternal inflammation, the amount in TNF-α 

in the ASD brain and functionality of the blood-brain barrier. We conclude that the 

maternal inflammation and autoimmune disease increase the risk of ASD, TNF-α is 

elevated in patients with ASD and the blood-brain barrier is dysfunctional. This 

implicates treatment of neuroinflammation in ASD patients rather than the original drug 

treatment. However, more research is needed to fully examine the neuroinflammation 

process in ASD patients. 

 

Introduction 

 

Autism spectrum disorder 

Autism spectrum disorders (ASD) is the collective name of the psychological diseases 

characterized by reduced social behaviour, repetitive actions and limited and stereotypical 

interests (American Psychiatric Association, 1994). The prevalence of ASD is estimated to be 

around the 1-2 children per 100 individuals (Baron-Cohen et al., 2009). Determination of the 

disorders are limited to behavioural observations (Ozonoff et al, 2005).  

Although ASD is mainly described as an heritable disorder, the interplay between genes and 

environment establishes a certain phenotype. A twin study from 2011 showed that the 

environmental portion with respect to the development of ASD is much higher than the genetic 

part, in contrast to what previously was reckoned (Hallmayer et al, 2011). Another study showed 

that risk genes only account for 10-20% in the development of ASD (Abrahams and Geschwind, 

2008). Because of great impact of external compounds, focus has shifted towards the 

environmental influence on the development of ASD rather than the genetic impact.  

Behavioural tests could be disadvantageous, because the observer is always subjective and 

can be biased in the determination of the diagnosis. Examination of a potential objective 

biomarker in individuals with ASD can be beneficial, since it seems more reliable and children 

can be diagnosed at a young age. This can make treatment more efficient and is proven to be 

more effective later in life (Sanchack et al, 2016). New treatment methods could thus be 

advantageous in the treatment of ASD.  

 

Neuroinflammation 

Different psychological disorders, like autism spectrum disorders all have a thing in common; 

inflammation of the brain, or so-called neuroinflammation (Kealy et al., 2018). 

It is defined as inflammation in the central nervous system, following from injury and/or 

neurodegenerative diseases. Neuroinflammation can be seen in activated microglia, elevated 

levels of certain cytokines and chemokines and altered signaling pathways (Shastri et al., 2013). 

Next to neuroinflammation, patients with ASD also display overall peripheral inflammation 

(Zimmerman et al. 2005). Thus, neuroinflammation plays a role in patients with ASD. However, 

there is yet no agreement on how this neuroinflammation is established. Different physiological 

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2770268/#R2
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and morphological structures can increase the degree of neuroinflammation, which are going to 

be examined in this review. 

The link between peripheral and central inflammation, is the blood-brain barrier (BBB). Gaps 

can fall in this barrier, causing it to leak substances that cause harm into the brain, such as pro-

inflammatory cytokines (Kealy et al., 2018). Since more unwanted substances can cross a 

dysfunctional BBB, this can accelerate the process of inflammation in the central nervous 

system. This leads to the question whether the BBB of ASD patients is dysfunctional and to 

what extent this dysfunctionality correlates with the prevalence of ASD. 

There are also indications that maternal inflammation during the perinatal stage increases the 

chance of developing ASD in the child by 10 times. This result indicates that certain cytokines 

and chemokines can cross the placenta en alter the immune response in the embryonic brain. 

(Depino, 2012). It is not sure whether this is an autoimmune reaction, or a systemic 

inflammation (Li et al., 2009). It should be examined to what extend maternal inflammation and 

autoimmune disease influence the prevalence of ASD, because it is certain that maternal 

inflammation during the perinatal stage alters the brain. 

 

Taking these research outcomes together leads to the question whether there is a link between 

neuroinflammation and the development of autism spectrum disorder. If so, how can this link be 

mapped using different approaches regarding neuroinflammation? In this review, the focus will 

be lying on a couple of different aspects and possibly causal factors of neuroinflammation in the 

brain of patients with ASD. In the conclusion the most important results will be highlighted, to 

create a clear overview regarding neuroinflammation in autism spectrum disorders.  

 

What is the influence of maternal inflammation on the development of ASD? 

Perinatal inflammation in the mother increases the risk of developing ASD in the child. A paper 

from 1995 even claimed that maternal viral infection is the most influential non-genetic risk 

factor in the development of autism in the child (Ciaranello and Ciaranello, 1995).  

 

Autoimmune deficits in the mother during the perinatal stage and ASD 

Pregnant women who display autoimmune diseases, have greater risk in giving birth to a child 

with ASD (Comi et al., 1999; Brimberg et al., 2013). This could be due to IgG anti-brain 

antibodies, affecting the development of the fetal brain. Perinatal IgG antibodies can cross the 

placenta during the perinatal stage of development (Saunders et al., 2012). Some mothers of 

patients with ASD display elevated levels of these IgG antibodies during pregnancy 

(Braunschweig et al., 2007). The maternal autoimmune disease effects on ASD are in line with 

work by Li et al, where the cytokine layout was examined in the cerebrospinal fluid (CSF) of 

patients with ASD, compared to control.

The CSF contained more cytokines specifically secreted by Th1 cells. The Th2 cytokines were 

unaffected, compared to the control subjects. In Figure 1, one can see that the ratio IFNγ/IL-10 

is elevated in ASD patients. IFNγ is a cytokine secreted by Th1 cells, and the cytokine IL-10 is 

secreted by Th2 cells (Li et al., 2009). From this, the Th1/Th2 ratio is elevated in patients with 

ASD, a phenomenon that in the past has been seen in a couple of autoimmune diseases (Liblau 

et al., 1995). Therefore, it is not excluded that the expression of ASD can be affected by an 

autoimmune deficiency in the mother. Whether this is a causal effect of maternal autoimmune 

https://www.sciencedirect.com/science/article/pii/S1044743112001856#bbb0155
https://www.sciencedirect.com/science/article/pii/S1044743112001856#bb0160
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deficiency, remains to be examined. Not every child with ASD has a mother with an 

autoimmune deficiency or infection during pregnancy, which makes it difficult to draw 

conclusions about the effect of autoimmune disorder on the development of ASD. Taking the 

maternal inflammation and the autoimmune response on the fetus together, it is certain that 

maternal inflammation is responsible for a higher prevalence of ASD.  

 

 
Figure 1: an elevated Th1/Th2 cytokine ratio in patients with autism, a phenomenon that also occurs in 

patients with autoimmune deficits.  

 

Anti-brain IgG’s in the mother during the perinatal stage and ASD 

The question only remains whether inflammation follows the same IgG pathway as the 

autoimmune deficit. If this is the case, one can say quite confidently that IgG antibodies have a 

causal effect on the chance of developing ASD in the child, when these are administered in the 

perinatal period. In fact, a study using rhesus monkeys in which they administered purified anti-

brain IgG from mothers which gave birth to 1 or more children with ASD, showed that the 

offspring of the rhesus monkeys with administration of this particular IgG’s displayed 

stereotypical ASD behavior. Administration of IgG’s from mothers without an ASD child showed 

no stereotypical behavior and more hyperactivity in the offspring (Martin et al., 2008). So, one 

can conclude that the IgG anti-brain antibodies are different between mothers with and without 

children that display ASD. Research in the rhesus monkeys showed that there’s a causal 

relationship between IgG antibodies and the development of repetitive behavior and 

hyperactivity, stereotypical behavior for children with the diagnosis of ASD. A point of discussion 

is that not every mother  injected with the IgG antibodies, gave birth to offspring with the 

behavior associated with ASD (Martin et al., 2008).
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Figure 2: Anti-brain IgG staining in different regions of a mouse brain. Plasma of mothers with an ASD 

child was labeled and injected. Immunohistology was used to examine the difference in IgG activity 

between mothers with an ASD child and mothers with a normal developing child.  

 

In a different set of studies, plasma of mothers that gave birth to a child with ASD was injected 

into the brain of an adult mouse, and with immunohistology the IgG binding was compared to 

control mothers. Mothers of an ASD child had significantly more anti-brain IgG than the mothers 

with a typical developing child. This is visible in Figure 2, where serum anti-brain IgG’s were 

labeled with Green Fluorescent Protein (GFP). The amount of GFP labeled IgG was measured 

between serum coming from mothers with ASD children, comparing to serum from mothers that 

had typical developing children. Quantification of anti-brain IgG’s was examined in three 

different  brain areas.

This shows that serum of mothers with an ASD child contains more anti-brain IgG than mothers 

that gave birth to typical developing children. Also, autoimmune diseases are more common in 

mothers of ASD children (Brimberg et al., 2013).  

Increased levels of IgG due to autoimmunity or an infection does not lead to alterations in the 

brain of the mother. IgG antibodies cannot cross the blood-brain barrier when it’s fully 
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developed. The reason that it can cause modifications in the fetal brain, is that the BBB is not 

completely developed, leading to a less protective function (Braunschweiger er al., 2012).  

These results taken together, it is clear that maternal inflammation increases the risk of 

developing ASD. Autoimmune antibodies like IgG seem to cross the BBB of the fetus and alter 

the development of the brain, leading to an increased risk on ASD.  

 

The role of the TNF-α pathway in the autistic brain 

Several studies show that cytokines with different origins and function are elevated in the 

autistic brain (Li et al., 2009, Yang et al., 2015). However, it remains unclear which cytokine is 

the most reliable predictor for the development of ASD. Xie et al. show in a study in 2017 that 

Tumor Necrosis Factor Alpha (TNF-α) is the only cytokine that holds a positive correlation with 

the severity of ASD. The severity of ASD is assessed using the Autism Behavior Checklist, see 

figure 3. That is why we in this paper asses the role of the TNF-α pathway.  

TNF-α, along with other proinflammatory cytokines, is crucial for the activation of the immune 

response (Hashimoto et al., 1991). A study from 2009 showed that TNF-α concentrations, along 

with other pro-inflammatory cytokines, were elevated in the brains and periphery of autistic 

patients (Li et al., 2009).  

 

 
Figure 3: a significant correlation between the Autism Behavior Checklist (ABC) and the amount of TNF-α 

in the serum of autistic patients. 
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TNF-α, NFκb and ASD 

TNF-α is a proinflammatory cytokine, produced by activated macrophages, monocytes and T-

helper cells (Awad et al., 2015). It binds the TNF receptor in the periphery and in regions in the 

brain. It alters the activation of NFκb, which is called ‘the master switch’ in regulating gene 

expression (Banks et al., 2014). However, this is one pathway known to be activated by TNF-α. 

For a good review, I will only discuss this pathway regarding autism. A study by Naik et al. 

performed in 2011 shows that the amount of folds in NFκb was much higher in children with 

ASD, compared to controls. More folds in NFκb predicts more DNA binding, since the DNA 

binding site is exposed to the external environment and tends to bind the DNA. Also, they 

assessed the fold intensities of 3 children who has recovered from autism. These children had 

the least fold intensity of all groups, which can indicate that ASD is recoverable. Recovery from 

ASD might have something to do with the fold intensity of NFκb, which is altered by TNF-α.  

An explanation for elevated levels of TNF-α could be maternal infection. TNF-α is mostly 

secreted by macrophages, which are activated by infection. TNF-α can cross the placenta 

during pregnancy, indicating that this could trigger alterations in the brain during development 

(Xie et al., 2017). The development of ASD in children can be caused by this phenomenon. 

However, not every woman with a child that expresses ASD had an infection during pregnancy 

or suffered from autoimmune disease.   

 
Systemic inflammation and ASD 

It could be that children with ASD have systemic inflammation, and therefore elevated levels of 

TNF-α secreted by macrophages. This TNF-α crosses the blood-brain barrier to possibly alter 

the connectivity of neurons and brain regions (Gutierrez et al., 1993). This is in line with a study 

from 2018, where Eftekharian et al. show a significant correlation between TNF-α and other 

cytokines, such as IL-6, IL-17 and IFNɣ. These cytokines are known to be proinflammatory 

cytokines, and can cause systemic inflammation. It is remarkable that this correlation only 

applies to males, not to females. The cause of these non-consistent finding is that regulation of 

cytokines is reported to differ between sexes (Klein et al., 2012). Elevated mRNA expression of 

proinflammatory cytokines is known to cause systemic inflammation in the periphery, and 

systemic inflammation can be the cause of neuroinflammation. Also, higher expression of TNF-α 

can alter the permeability of the blood-brain barrier and can therefore modify development of 

neurons and connections in the brain since more pathogens and other substances that don’t 

belong in the brain can enter more easily (Banks et al., 2014).  

TNF-α is overexpressed in autistic children, but only in the cerebrospinal fluid (CSF). The ratio 

CSF versus serum TNF-α was much higher in ASD children, which indicates that this elevation 

is a local reaction in the brain (Chez et al., 2007). 

This local reaction can be due to a dysfunction blood-brain barrier, which will be discussed later 

in this review.  

 

The results of the papers above are promising and offer a new perspective on the etiology of 

ASD. TNF-α can be seen as an important substance for the development of ASD, because it is 

the only known cytokine that is correlated with the severity of symptoms regarding ASD. 

Elevated levels of TNF-α in patients with ASD can cause activation of NFκb, which alters gene 
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expression. This can lead to systemic inflammation and upregulation of proinflammatory 

cytokines. These peripheral cytokines can also trigger the expression of cytokines in the brain 

and alter the permeability of the blood-brain barrier, causing neuroinflammation. There is 

evidence that the elevated TNF-α levels are a local reaction, in line with a dysfunctional blood-

brain barrier. Whether elevated TNF-α concentrations are the cause or consequence of ASD, is 

yet unknown and should be examined more thoroughly in the future.  

 

The role of the blood-brain barrier in the autistic brain 

The blood-brain barrier (BBB) is a network of pericytes, astrocytes, macrophages from the 

capillaries, endothelial cells and a basal lamina (Bradbury, 1985). This complex network 

functions as the first line of defense regarding homeostasis of the brain environment. It 

separates the peripheral blood circulation from the brain, essential for brain homeostasis (De 

Vries et al., 1997). In figure 4, a schematic representation is drawn and the differences between 

peripheral and central capillaries can be seen. 

 

Because of the morphological differences between systemic and neural capillaries, deposition of 

substances are tightly regulated in the BBB. Problems may occur when the endothelial cells of 

the BBB are not tightly linked. Several substances can  alter the permeability of the BBB, such 

as cytokines, free radicals, adhesion molecules and eicosanoids (De Vries et al., 1997).     

 

 

 
Figure 4: A schematic representation of the differences between systemic capillaries and  

capillaries surrounding the brain. Tight junctions are present between the endothelial  

cells in the BBB, while in the peripheral capillaries these are absent. 

 

 

Permissive BBB’s are correlated with numerous neurological diseases, such as multiple 

sclerosis Alzheimer’s disease and epilepsy (Moor et al., 1996; Bell et al., 2009; Weissberg et al., 

2011). However, little is known about the BBB integrity regarding protection from the systemic 

blood flow and ASD.  
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Tight junction functionality and ASD 

In 2016, a study performed by Fiorentina et al., showed that there are differences between 

healthy subjects and patients with ASD regarding the BBB. ASD patients have higher 

expression of pore-forming tight junction (TJ) proteins (claudin-12), which make the endothelial 

cells more permeable. The ASD subjects also display lower levels of at least one barrier forming 

TJ protein. This can indicate that the BBB in ASD is more permeable compared to control. They 

also found a correlation between a dysfunctional BBB and leakage in the intestinal epithelial 

barrier. In ASD patients, intestinal problems are common and well documented (Luna et al., 

2016; Luna et al., 2017). One can conclude that the same processes apply to both the BBB and 

intestine epithelial dysfunction, although this should be researched more thoroughly.  

Matrix metalloprotease (MMP)-9 is also upregulated in the cortex of ASD compared to control. 

This protein is correlated with an impaired BBB and involved in several neuroinflammatory 

diseases, such as autoimmune encephalomyelitis, eosinophilic meningoencephalitis and 

multiple sclerosis (Kandagaddala et al., 2012; Chiu et al., 2014; Yong et al, 2007). Also, 

translocator protein 18 kDa (TSPO) is overexpressed in the ASD brain. Surplus of TSPO is 

associated with neuroinflammation (Chen et al., 2008; Karlstetter et al., 2014). These results 

clearly indicate a flaw in the BBB of patients with ASD, since these barriers contain more space 

between the endothelial cells resulting in greater permeability caused by dysfunctional tight 

junctions.  

 

Amino acid transport, endothelial autoantibodies and ASD 

A study from 2016 showed that not the permeability, but impaired transport of branched-chain 

amino acid (BCAA’s) is the cause of developing autism (Tărlungeanu et al., 2016). Deletion of 

the Large Neutral Amino Acid Transporter 1 (LAT1) gene SLC7A5 resulted in display of 

behaviour typical for ASD. However, direct administration of the BCAA’s normalized behaviour. 

The SLC7A5 gene is absent in a certain ASD cases, but it is not yet examined whether BCAA 

administration in 

ASD patients normalize their stereotypical behaviour. Overall, these results indicate that 

impaired BCAA transport is the cause of ASD, which can be normalized in experimental 

animals. In table 1 is the expression of genes displayed that are known to be altered in patients 

with ASD. 

 

Gene Up- or downregulated in ASD Association with this altered 
gene expression 

MMP-9 ↑ Impaired BBB, 
neuroinflammatory diseases 

TSPO, only on protein level ↑ Neuroinflammation  

SLC7A5 ↓ Stereotypical ASD behavior due 
to impaired BCAA transport 

Table 1: an overview of altered gene expression in ASD patients and the correlation of these altered gene 

expression with several disease markers. 
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A subgroup of children with ASD have higher levels of autoantibodies against endothelial cells 

in their neurons compared to control children (27% vs. 2%). This indicates a disruption in the 

integrity of the BBB. Also, this implicates that a subset of ASD patients may have difficulties with 

homeostasis of their autoimmune reaction (Connolly et al., 1999). Subsequently, two studies 

found increased levels of S100β, one in serum (Al-Ayadhi et al., 2012) and one in plasma 

(Guloksuz et al., 2017). The latter found also a correlation with TNF-α, indicating a 

neuroinflammatory response in ASD patients. This mean that endothelial cells in the BBB of 

ASD patients can be altered by autoantibodies. 

 

The blood-brain barrier and neuroinflammation 

Because neuroinflammation and an impaired BBB is observed in patients diagnosed with ASD, 

we’re now going to zoom in to the link between neuroinflammation and a dysfunctional BBB. 

Neuroinflammation is tightly correlated with a dysfunctional BBB, present in several neurological 

disease like Alzheimer’s Disease (AD) (Takeda et al., 2014) and Schizophrenia (Pasternak et 

al., 2015). This shows that BBB dysfunctionality and  

neuroinflammation are paired in several neuropsychological disorders. However, this evidence 

is contradictory. There is no significant increase in the expression level of proinflammatory 

cytokines in patients with autism. Although there was no elevation of TSPO on the genetic level, 

they found increased levels of TSPO on protein level in the brains of ASD patients. In the same 

study, the integrity of the BBB was assessed, concluding that neuroinflammation and a 

dysfunctional BBB are both present in the autistic brain lamina of BBB, resulted in an more 

permeable layer of endothelial cells. This permeability was accompanied, and may be caused, 

by changes in the morphology of the actin filaments. (Fiorentino et al., 2016). In 1995, Deli et al. 

demonstrated that administration of TNF-a to the BBB, more specifically to the basal 

Concluding, a dysfunctional BBB is present in ASD patients, due to destabilized tight junctions 

between the endothelial cells. Undesired molecules from the periphery can enter the brain more 

easily, resulting in impaired brain environment homeostasis. This non-integer BBB is possibly 

caused by neuroinflammation, which alters the gene expression of tight junction proteins. 

Disruption of the BBB by neuroinflammation can trigger a positive feedback loop, since more 

unwanted substances can enter the brain and therefore generate even more neuroinflammation. 

 

Possible treatment alterations 

Nowadays, autism spectrum disorder is treated mainly by targeting behavioral difficulties that 

patients face on a day to day basis. This is done through coaching and intensive training, 

usually starting at a young age to reach maximum effect. ASD itself is seldom the only problem 

patients experience, since ASD patients often have co-occurring illnesses, such as sleep 

problems and  gastrointestinal problems (Lai et al., 2014). Treatment for these side effects is 

also necessary, since quality of life is heavily improved when those do not occur anymore. We 

however don’t yet know whether the co-occurring diseases improve when ASD is treated with 

drugs, next to intensive cognitive training.  
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Current drug treatment of ASD 

A couple of drugs are known to reduce the amount of repetitive behaviour in children with ASD, 

such a serotonin reuptake inhibitors (SSRIs) and antipsychotic drugs, although findings are not 

always consistent per research. The risk of creating adverse effects is always present, which 

make these drugs difficult to administer properly to the patients (McPheeters et al., 2011). 

These drugs only relate to the reduction of repetitive behaviour, not to the other stereotypical 

behaviour often displayed by patients with ASD. Also, a lot of the co-occurring diseases are not 

treated by these drugs, which makes additional medication necessary. A combination of 

different drugs is often dangerous and the separate effects could cancel each other out, making 

them non-efficient.  

 

Possible new drug treatment of ASD 

The new insights regarding inflammation in the autistic brain offer new opportunities regarding 

treatment and possibly even prevent the development of ASD in a fetus.  

Tight junctions between the endothelial cells should be preserved under inflammatory 

conditions, to limit neuroinflammation and secure the integrity of the BBB. Netrin-1 is a protein 

that is associated with cell-cell adhesion and cell proliferation. When netrin-1 is administered, 

tight junctions in the endothelial layer when and inflammatory condition was present is 

normalized. Knockout netrin-1 mice displayed disorganized tight junctions and a leaky BBB. 

Netrin-1 can thus be seen as an important regulator of the integrity of the BBB, which also 

protects the brain against neuroinflammation (Podjaski et al., 2015).  

Because TNF-α is one of the most important cytokines to induce an inflammatory response and 

neuroinflammation is clearly present in patients ASD, one can take a look at TNF-α inhibitors to 

reduce neuroinflammation. A recent study showed that Ginsenoside Rb1 is a potent inhibitor of 

TNF-α, by inhibiting the NFκb pathway. Administration of Rb1 resulted in less apoptosis and 

normalization of injury on endothelial cells, which is perfect for the misbalanced endothelial cells 

in the blood-brain barrier, see figure 5 (Zhou et al., 2017). However, this study was done in 

patients with arteriosclerosis, not in patients with ASD. We need further research to examine 

whether Ginsenoside Rb1 is a suitable drug to treat neuroinflammation and repairing damage 

on the endothelial cells of the BBB. Rb1 could also be given orally to mothers who have an 

autoimmune disease, to examine whether this drug can reduce or even prevent the 

development of ASD. The only problem is that we don’t know whether or not Rb1 can cross the 

BBB and penetrate the brain to attenuate the neuroinflammatory response. If this is not the 

case, only peripheral TNF-α is inhibited, but this also has advantages. Systemic inflammation in 

the periphery can cause neuroinflammation and a dysfunctional BBB, pathogens entering the 

brain are not necessary for the neuroinflammatory response. Suppression of the systemic 

inflammation can therefore reduce neuroinflammation, but they didn’t examined this hypothesis 

thoroughly yet.  
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Figure 5: Ginsenoside Rb1 normalized the apoptosis rate of injured endothelial cells in patients with 

arteriosclerosis (Zhou et al., 2017). 

 

To make sure that TNF-α is inhibited directly in the brain, a molecule that can penetrate the BBB 

is required. Biologic TNF-α inhibitors (TNFIs) are potent, but cannot cross the blood-brain 

barrier. A BBB-crossing TNFI was engineered, and administered to mice suffering of 

Alzheimer’s disease (AD). It dramatically reduced the formation of amyloid-beta plaques, BBB 

dysfunctionality, neuroinflammation and novel memory was improved compared to mice with AD 

and without the BBB-crossing TFNI (Chang et al., 2017). This makes it very interesting to test 

on mice who display characteristics of patients with ASD, to look at the effects it has on 

behaviour, neuroinflammation and the integrity of the BBB. It also should reduce systemic 

inflammation, because it reduces the induction of an inflammatory response.  

TNF-α inhibitors seem useful to treat neuroinflammation, but the question still remains whether 

this reduction in inflammation can alter behaviour displayed by the patient. If so, one can 

conclude that these stereotypical behaviours are a product of neuroinflammation, but this seems 

unlikely. A decrease in neuroinflammation could have positive effects on the co-occurring 

diseases that are frequently observed in patients with ASD.  

However, since not a single drug that potentially treats ASD without behavioral intervention 

works, the stereotypical behavior cannot be normalized without cognitive therapy. Also, it is 

important to note when and how the drugs should be administered, because this early 

intervention is necessary to have the best effect.  

 

Discussion 

Maternal anti-brain IgG’s can cross the blood-brain barrier of the fetus because it is not fully 

developed. Therefore, it is important to take a look at these IgG’s in children with ASD when 

they have a dysfunctional BBB caused by inflammatory conditions. If administration of anti-brain 

IgG’s to experimental animals without an ASD phenotype, but with a non-integer BBB lead to 

ASD behaviour, one can conclude that anti-brain IgG’s combined with a damaged BBB can lead 

to autism. The brain-crossing TNFI discussed above also decreases the parenchymal IgG’s, this 

is also a marker for disruption of the BBB. In schizophrenia, they found a very robust correlation 

between TNF-α and anti-gliadin IgG, indicating peripheral inflammation has a link with IgG’s 

(Kelly et al., 2018). However, we yet don’t know much about the link between TNF-α and 
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specific anti-brain IgG’s. Further research is needed to link these two molecules together, to see 

how they influence each other and maybe find a causal relationship to chronologically map the 

processes of neuroinflammation in the autistic brain. This can help with the treatment of ASD, 

so one can make sure that the treatment is not only symptom management.  

Finding a drug that can help the patient with neuroinflammation and the dysfunctional BBB is 

now the next step. We need more research about neuroinflammation inhibition and ASD. 

However, since not a single drug that potentially treats ASD without behavioral intervention 

works, the stereotypical behavior cannot be normalized without cognitive therapy. Also, it is 

important to note when and how the drugs should be administered, because this early 

intervention is necessary to have the best effect. Such a research can take years of practice, 

and often costs a lot of money.  

This is also one of the reasons why it is useful to have an objective and reliable marker for the 

development of ASD later in life, but this is not an easy task. Neuroinflammation and disruption 

of the BBB is observed in several disorders, such as Alzheimer’s disease, Schizophrenia and 

Multiple Sclerosis. Therefore it could be that an interplay between different molecules can 

actually predict whether a baby develops ASD. Determination of one or multiple markers of ASD 

makes the diagnosis easier, earlier, and faster, which is beneficial for the intervention, 

treatment, and the costs of ASD.  

 

Conclusion 

In conclusion, neuroinflammation is present in patients with ASD, potentially due to systemic 

inflammation in the periphery, maternal inflammation during the perinatal stage and a 

dysfunctional BBB. Whether neuroinflammation is a cause or consequence of ASD pathology 

remains a question for further research, in line with the chronology of altered processes in the 

autistic brain. Also, current treatment could be altered with anti-inflammatory drugs.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



15 
 

References 

 
Abrahams, B.S., Geschwind, D.H. (2008). Advances in autism genetics: on the threshold of a 
new neurobiology. Nat. Rev. Genet., 9, 341-355. 
Al-Ayadhi, L.Y., Mostafa, G.A. (2012). A lack of association between elevated serum levels of 
S100B protein and autoimmunity in autistic children. J. Neuroinflamm., 9, 54. 

 
American Psychiatric Association (1994). Diagnostic and Statistical Manual of Mental Disorders. 
4th. APA; Washington, DC. 

 
Awad, A.S., You, H., Gao, T., Cooper, T.K., Nedospasov, S.A., Vacher, J., Wilkinson, P.F., 
Farrell, F.X., … Brian Reeves, W. (2015). Macrophage-derived tumor necrosis factor-α 
mediates diabetic renal injury. Kidney international, 88(4), 722-33. 

 
Banks W.A. (2014). The blood-brain barrier in neuroimmunology: Tales of separation and 
assimilation. Brain, behavior, and immunity, 44, 1-8.  

 
Baron-Cohen, S., Scott, F., Allison, C., Williams, J., Bolton, P., Matthews, F., & Brayne, C. 
(2009). Prevalence of autism-spectrum conditions: UK school-based population study. British 
Journal of Psychiatry, 194(6), 500-509. 
 
Bell, R.D., Zlokovic, B.V. (2009). Neurovascular mechanisms and blood–brain barrier disorder in 
Alzheimer's disease. Acta Neuropathol. 118(1), 103–113. 

 
Braunschweig, D., & Van de Water, J. (2012). Maternal autoantibodies in autism. Archives of 
neurology, 69(6), 693-9.  

 
Brimberg, L., Sadig, A., Gregersen, P.K., Diamond, B. (2013). Brain-reactive IgG correlates with 
autoimmunity in mothers of a child with an autism spectrum disorder. Molecular Psychiatry, 18, 
1171–1177. 

 
Chang, R., Knox, J., Chang, J., Derbedrossian, A., Vasilevko, V., Cribbs, D., Boado, R.J., 
Pardridge, W.M., Sumbria, R.K. (2017). Blood–Brain Barrier Penetrating Biologic TNF-α 
Inhibitor for Alzheimer’s Disease. Molecular Pharmaceutics, 14(7): 2340-2349. 
Chen, M.K., Guilarte, T.R. (2008). Translocator protein 18 kDa (TSPO): molecular sensor of 
brain injury and repair. Pharmacol. Ther., 118(1), 1–17. 

 
Chez, M.G., Dowling, T., Patel, P.B., Khanna, P., Kominsky, M. (2007). 
Chiu P.S., Lai, S.C. (2014) Matrix metalloproteinase-9 leads to blood–brain barrier leakage in 
mice with eosinophilic meningoencephalitis caused by Angiostrongylus cantonensis. Acta Trop., 
140, 141-150.  

 
Ciaranello, A.L., Ciaranello, R.D. (1995). The neurobiology of infantile autism. Annu. Rev. 
Neurosci., 18, 101-128. 
Comi, A. M., Zimmerman, A. W., Frye, V. H., Law, P. A., & Peeden, J. N. (1999). Familial 
Clustering of Autoimmune Disorders and Evaluation of Medical Risk Factors in Autism. Journal 
of Child Neurology, 14(6), 388–394.  

 



16 
 

Connolly, A.M, Chez, M.G., Pestronk, A., Arnold, S.T., Mehta, S., Deuel, R.K. (1999). Serum 
autoantibodies to brain in Landau-Kleffner variant, autism, and other neurologic disorders. J. 
Pediatr., 134(5), 607-613. 

 
De Vries, H.E., Kuiper, J., De Boer, A.G., Van Berke, T.J.C., Breimer, D.D. (1997). The Blood-
Brain Barrier in Neuroinflammatory Diseases. Pharmacological Reviews, 49(2), 143-156. 

 
Deli, M.A., Descamps, L., Dehouck, M.P., Cecchelli, R., Joó, F., Abrahám, C.S., Torpier, G. 
(1995). Exposure of tumor necrosis factor-alpha to luminal membrane of bovine brain capillary 
endothelial cells cocultured with astrocytes induces a delayed increase of permeability and 
cytoplasmic stress fiber formation of actin. J. Neurosci. Res., 41(6), 717–726. 

 
Depino, A.M. (2013). Peripheral and central inflammation in autism spectrum disorders. Mol. 
Cell. Neurosci., 53, 69-76. 

 
Eftekharian, M.M., Ghafouri-Fard, S., Ri, N., Omrani, M.D., Arsang-jang, S., Ganji, M., Gharzi, 
V., Noroozi, H., Komaki, A., Mazdeh, M., Taheri, M. (2018). Cytokine profile in autistic patients. 
Cytokine, 108, 120-126. 

 
Elevation of Tumor Necrosis Factor-Alpha in Cerebrospinal Fluid of Autistic Children. 
Guloksuz, S.A., Abali, O., Aktas Cetin E., Bilgic Gazioglu, S., Deniz, G., Yildirim, A., Kawikova, 
I., Guloksuz, S., Leckman, J.F. (2017). Elevated plasma concentrations of S100 calcium-binding 
protein B and tumor necrosis factor alpha in children with autism spectrum disorders. Rev. Bras. 
Psiquiatr., 39(3), 195-200. 

 
Gutierrez, E.G., Banks, W.A., Kastin, A.J., (1993). Murine tumor necrosis factor alpha is 
transported from blood to brain in the mouse, Journal of Neuroimmunology, 47(2), 169-176. 

 
Hallmayer, J., Cleveland, S., Torres, A., Phillips, J., Cohen, B., Torigoe, T., Miller, J., Fedele, A., 
Collins, J., Smith, K., Lotspeich, L., Croen, L. A., Ozonoff, S., Lajonchere, C., Grether, J. K., … 
Risch, N. (2011). Genetic heritability and shared environmental factors among twin pairs with 
autism. Archives of general psychiatry, 68(11), 1095-102. 

 
Hashimoto M., Ishikawa Y., Goto F., Bando T., Sakakibara Y., Iriki M. (1991). Action site of 
circulating interleukin-1 on the rabbit brain. Brain Res. 540, 217–223. 

 
Kandagaddala, L.D., Kang, M.J., Chung, B.C., Patterson, T.A., Kwon, O.S. (2012). Expression 
and activation of matrix metalloproteinase-9 and NADPH oxidase in tissues and plasma of 
experimental autoimmune encephalomyelitis in mice. Exp. Toxicol. Pathol., 64(1–2), 109–114. 

 
Karlstetter, M., Nothdurfter, C., Aslanidis, A., Moeller, K., Horn, F., Scholz, R., Neumann, H., 
Weber, B.H., Rupprecht, R., Langmann, T. (2014). Translocator protein (18 kDa) (TSPO) is 
expressed in reactive retinal microglia and modulates microglial inflammation and phagocytosis. 
J. Neuroinflammation, 11, 3. 

 
Kealy, J., Greene, C., Campbell, M. (2018). Blood-brain barrier regulation in psychiatric 
disorders. Neurosci. Letters. 

 

https://www.ncbi.nlm.nih.gov/pubmed/23069728
https://www.ncbi.nlm.nih.gov/pubmed/23069728
https://www.ncbi.nlm.nih.gov/pubmed/?term=Guloksuz%20SA%5BAuthor%5D&cauthor=true&cauthor_uid=28099628
https://www.ncbi.nlm.nih.gov/pubmed/?term=Abali%20O%5BAuthor%5D&cauthor=true&cauthor_uid=28099628
https://www.ncbi.nlm.nih.gov/pubmed/?term=Aktas%20Cetin%20E%5BAuthor%5D&cauthor=true&cauthor_uid=28099628
https://www.ncbi.nlm.nih.gov/pubmed/?term=Bilgic%20Gazioglu%20S%5BAuthor%5D&cauthor=true&cauthor_uid=28099628
https://www.ncbi.nlm.nih.gov/pubmed/?term=Deniz%20G%5BAuthor%5D&cauthor=true&cauthor_uid=28099628
https://www.ncbi.nlm.nih.gov/pubmed/?term=Yildirim%20A%5BAuthor%5D&cauthor=true&cauthor_uid=28099628
https://www.ncbi.nlm.nih.gov/pubmed/?term=Kawikova%20I%5BAuthor%5D&cauthor=true&cauthor_uid=28099628
https://www.ncbi.nlm.nih.gov/pubmed/?term=Kawikova%20I%5BAuthor%5D&cauthor=true&cauthor_uid=28099628
https://www.ncbi.nlm.nih.gov/pubmed/?term=Guloksuz%20S%5BAuthor%5D&cauthor=true&cauthor_uid=28099628
https://www.ncbi.nlm.nih.gov/pubmed/?term=Leckman%20JF%5BAuthor%5D&cauthor=true&cauthor_uid=28099628
https://www.ncbi.nlm.nih.gov/pubmed/?term=Kealy%20J%5BAuthor%5D&cauthor=true&cauthor_uid=29966749
https://www.ncbi.nlm.nih.gov/pubmed/?term=Greene%20C%5BAuthor%5D&cauthor=true&cauthor_uid=29966749
https://www.ncbi.nlm.nih.gov/pubmed/?term=Campbell%20M%5BAuthor%5D&cauthor=true&cauthor_uid=29966749
https://www.ncbi.nlm.nih.gov/pubmed/29966749


17 
 

Kelly, D.L., Demyanovich, H.K., Eaton, W.W., Cascella, N., Jackson, J., Fasano, A. (2018). Anti 
gliadin antibodies (AGA IgG) related to peripheral inflammation in schizophrenia. Brain. Behav. 
Immun., 69, 57-59.  

 
Klein, S.L., Hodgson, A., Robinson, D.P. (2012). Mechanisms of sex disparities in influenza 
pathogenesis. J. Leukocyte Biol., 92(1), 67-73. 

 
Lai, M.C., Lombardo, M.V., Baron-Cohen, S. (2014). Autism. Lancet, 383: 896-910. 

 
Li, X., Chauhan, A., Sheikh, A. M., Patil, S., Chauhan, V., Li, X. M., Ji, L., Brown, T., … Malik, 
M. (2009). Elevated immune response in the brain of autistic patients. Journal of 
neuroimmunology, 207(1-2), 111-6.  

 
Liblau, R.S., Singer, S.M., McDevitt, H.O. (1995). Th1 and Th2 CD4+ T cells in the 
pathogenesis of organ-specific autoimmune diseases. Immunol Today, 16, 34–38. 

 
Luna, R.A., Oezguen, N., Balderaz, M., Venkatachalam, A., Runge, J.K., Versalovic, J., 
Veenstra-VanderWeele, J., Anderson, G.M., Savidge, T., Williams, K.C. (2017). Distinct 
microbiome-neuroimmune signatures correlate with functional abdominal pain in children with 
autism spectrum disorder. Cell Mol. Gastroenterol. Hepatol., 3(2), 218-230. 

 
Luna, R.A., Savidge, T.C. & Williams, K.C. (2016). The Brain-Gut-Microbiome Axis: What Role 
Does it Play in Autism Spectrum Disorder? Curr. Dev. Disord. Rep., 3, 75. 

 
Martin, L. A., Ashwood, P., Braunschweig, D., Cabanlit, M., Van de Water, J., & Amaral, D. G. 
(2008). Stereotypies and hyperactivity in rhesus monkeys exposed to IgG from mothers of 
children with autism. Brain, behavior, and immunity, 22(6), 806-16. 

 
Martin, L.A., Ashwood, P., Braunschweig, D., Cabanlit, M., Van de Water, J., Amaral, D.G. 
(2008). Stereotypies and hyperactivity in rhesus monkeys exposed to IgG from mothers of 
children with autism. Brain Behavior Immunity, 22, 806–816. 

 
McPheeters, M.L., Warren, Z., Sathe, N., Bruzek, J.L., Krishnaswami, S., Jerome, R.N., 
Veenstra-VanderWeele, J. (2011). A systematic review of medical treatments for children with 
autism spectrum disorders. Pediatrics, 127: 1312-1321. 

 
Moor, A.C., De Vries, H.E., De Boer, A.G., Breimer, D.D. (1994). The blood–brain barrier and 
multiple sclerosis. Biochem. Pharmacol., 47(10), 1717–1724. 

 
Ozonoff S., Goodlin-Jones, B.L., Solomon, M. (2005). Evidence-based assessment of autism 
spectrum disorders in children and adolescents. J. Clin. Child. Adolesc. Psychol., 34(3), 523-40. 
Pasternak, O., Kubicki, M., & Shenton, M. E. (2015). In vivo imaging of neuroinflammation in 
schizophrenia. Schizophrenia research, 173(3), 200-212.  

 
Podjaski, C., Alvarez, J. I., Bourbonniere, L., Larouche, S., Terouz, S., Bin, J. M., Lécuyer, M. 
A., Saint-Laurent, O., Larochelle, C., Darlington, P. J., Arbour, N., Antel, J. P., Kennedy, T. E., 
… Prat, A. (2015). Netrin 1 regulates blood-brain barrier function and neuroinflammation. Brain: 
a journal of neurology, 138(6), 1598-612.  

 

https://www.ncbi.nlm.nih.gov/pubmed/?term=Lai%20MC%5BAuthor%5D&cauthor=true&cauthor_uid=24074734
https://www.ncbi.nlm.nih.gov/pubmed/?term=Lombardo%20MV%5BAuthor%5D&cauthor=true&cauthor_uid=24074734
https://www.ncbi.nlm.nih.gov/pubmed/?term=Baron-Cohen%20S%5BAuthor%5D&cauthor=true&cauthor_uid=24074734
https://www.ncbi.nlm.nih.gov/pubmed/24074734
https://www.sciencedirect.com/science/article/pii/S2352345X16301369#!
https://www.sciencedirect.com/science/article/pii/S2352345X16301369#!
https://www.ncbi.nlm.nih.gov/pubmed/?term=Ozonoff%20S%5BAuthor%5D&cauthor=true&cauthor_uid=16083393
https://www.ncbi.nlm.nih.gov/pubmed/?term=Goodlin-Jones%20BL%5BAuthor%5D&cauthor=true&cauthor_uid=16083393
https://www.ncbi.nlm.nih.gov/pubmed/?term=Solomon%20M%5BAuthor%5D&cauthor=true&cauthor_uid=16083393
https://www.ncbi.nlm.nih.gov/pubmed/16083393


18 
 

Sanchack, K.E., Thomas, C.A. (2016). Autism Spectrum Disorder: Primary Care Principles. Am. 
Fam. Physician, 94(12), 972-979. 

 
Saunders, N.R., Liddelow, S.A., Dziegielewska, K.M. (2012). Barrier mechanisms in the 
developing brain. Front Pharmacol., 3, 46. 

 
Singer, H.S., Morris, C., Gause, C., Pollard, M., Zimmerman, A.W., Pletnikov, M. (2009). 
Prenatal exposure to antibodies from mothers of children with autism produces neurobehavioral 
alterations: A pregnant dam mouse model. J. Neuroimmunol., 211: 39–48. 

 
Takeda, S., Sato, N., Morishita, R. (2014). Systemic inflammation, blood-brain barrier 
vulnerability and cognitive/non-cognitive symptoms in Alzheimer disease: relevance to 
pathogenesis and therapy. Front Aging Neurosci., 6, 171. 

 
Tărlungeanu, D. C., Deliu, E., Dotter, C. P., Kara, M., Janiesch, P. C., Scalise, M., Galluccio, M., 
Tesulov, M., Morelli, E., Sonmez, F. M., Bilguvar, K., Ohgaki, R., Kanai, Y., Johansen, A., 
Esharif, S., Ben-Omran, T., Topcu, M., Schlessinger, A., Indiveri, C., Duncan, K. E., Caglayan, 
A. O., Gunel, M., Gleeson, J. G., … Novarino, G. (2016). Impaired Amino Acid Transport at the 
Blood Brain Barrier Is a Cause of Autism Spectrum Disorder. Cell, 167(6), 1481-1494. 

 
Thoh, M., Kumar, P., Nagarajaram, H. A., & Manna, S. K. (2009). Azadirachtin interacts with the 
tumor necrosis factor (TNF) binding domain of its receptors and inhibits TNF-induced biological 
responses. The Journal of biological chemistry, 285(8), 5888-95. 

 
Weissberg, I., Reichert, A., Heinemann, U., & Friedman, A. (2011). Blood-brain barrier 
dysfunction in epileptogenesis of the temporal lobe. Epilepsy research and treatment, 2011, 
143908. 

 
Xie, J., Huang, L., Li, X., Li, H., Zhou, Y., Zhu, H., Pan, T., Kendrick, K. M., … Xu, W. (2017). 
Immunological cytokine profiling identifies TNF-α as a key molecule dysregulated in autistic 
children. Oncotarget, 8(47), 82390-82398. 

 
Yang, C.J., Tan, H.P., Yang, F.Y., Liu, C.L., Sang, B., Zhu, X.M., Du, Y.J. (2015). The roles of 
cortisol and pro-inflammatory cytokines in assisting the diagnosis of autism spectrum disorder. 
Res. Autism Spectr. Disord., 9, 174–81. 

 
Yong, V.W., Zabad, R.K., Agrawal, S., Goncalves Dasilva, A., Metz, L.M. (2007). Elevation of 
matrix metalloproteinases (MMPs) in multiple sclerosis and impact of immunomodulators. J. 
Neurol. Sci., 259(1–2), 79–84. 

 
Zhou, P., Lu, S., Luo, Y., Wang, S., Yang, K., Zhai, Y., Sun, G., … Sun, X. (2017). Attenuation 
of TNF-α-Induced Inflammatory Injury in Endothelial Cells by Ginsenoside Rb1 via Inhibiting 
NFκb, JNK and p38 Signaling Pathways. Frontiers in pharmacology, 8: 464.  
 

 

 

 

 

 



19 
 

 


