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Neuroinflammation and Autism
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The incidence of autism spectrum disorder (ASD) has increased significantly in the past decades, how
affecting 1 out of 68 children in USA. The complexity of this disorder and the unclear mechanisms have
hindered the development of an effective therapeutic regimen. Recent studies have suggested that neuro-
inflammation plays an important role in the pathogenesis of ASD. A literature review was conducted to
examine the evidence of various central immune processes involved in ASD. Conventional and novel

medications for ASD treatment were summarized.
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INTRODUCTION

Autism  spectrum disorder (ASD) is a complex
neurodevelopmental disorder characterized by deficits in
social interaction, social communication, restricted and
repetitive interests, and behavioral patterns." Symptoms of
affected children usually manifest by the age of 3. The
occurrence of ASD has increased dramatically in the past
decade to 1 in 68 in 2010 in the USA according to the recent
report from the Centers for Disease Control and Prevention
(CDC).? The pathogenesis for ASD is unclear, and there is no
effective treatment. Several epigenetic triggers have been
identified, including trauma, adverse reactions to vaccination,
infection, and allergies. Neuro-inflammation characterized by
microglia/astrocyte activation and brain inflammatory
cytokine production have been documented in several post-
mortem studies as well as in biomarker studies.
Overactivation of microglia and astrocytes has been found in
several brain regions during autopsies of autistic brains.*®
Several studies have shown elevated inflammatory cytokines
(such as interleukin ( IL)-1, IL-6, IL8, IL12, tumor necrosis
factor (TNF)-a) in serum, plasma, and cerebral spinal
fluid(CSF) in children with autism.*®” It has been suggested
that abnormal activation of neuro-inflammation in ASD
begins in the perinatal period. Pre-natal or early post-natal
inflammation and infection have been shown to lead to
neurodevelopmental dysfunction in ASD. A Danish study
investigated about 689,196 births over a decade. The result
shows that mothers with rheumatoid arthritis increased the
risk of children of developing autism by 80 percent.® An
animal study showed that immune activated pregnant mice
via injecting the viral mimic poly (I:C) produced newborn
mice with autistic-like behavior through the collateral
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damage.®'® Therefore, growing evidence implies that

prolonged abnormal activation in brain inflammation
contributes to the pathogenesis of autism. These new findings
are leading to the development of novel therapeutic therapies.

MAST CELLS ACTIVATION AND AUTISM

Mast cells are the key players in the inflammatory response
and present in all tissues. In the brain, they are mostly found
in the diencephalon™ and generate pro- and anti-
inflammatory cytokines upon activation. Mast cell activation
can be triggered by both allergic and non-allergic reactions.
Mast cells also induce neutrophil infiltration and modulate
microglial activation, mediating the neuro-inflammatory
process.” The fact that ASD children have common immune
disorders implicates overactivation of mast cells in ASD*®
ASD children have more allergic-like reactions. Several
inflammatory diseases increase the chance of developing
autism, for instance, it was reported that celiac disease
increases the risk of ASD by 350%.°

Evidence suggests that mast cell activation contributes to a
malfunction of blood brain barrier (BBB) *** in ASD, as
evidenced by serum antibodies that attack fetal brain
tissues.'® Several vasoactive peptides that activate mast
cells have been identified. Neurotensin (NT) stimulates mast
cells in various tissues, including skin, peritoneum, and brain,
resulting in increased vascular permeability.20 NT is isolated
in brain and gut tissues. In the brain, mast cell activation by
NT leads to secretion of vascular endothelial growth factor
(VEGF),* which contributes to BBB damage. Corticotropin-
releasing hormone (CRH) was found to act synergistically
with NT to stimulate mast cells.?? A recent study reports that
NT is increased in the serum of children with autism,
implicating the role of NT in autism pathogenesis.?® In
addition, c%/tokine IL-33 has also been implicated to stimulate
mast cells.**
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MICROGLIAL ACTIVATION IN AUTISM

Microglia are resident macrophages of the brain and play a
critical role in the immune system of the brain. In addition,
microglia regulate synaptogenesis® and neurogenesis.?®
Microglia are activated during brain insults, including
ischemia, trauma, and infection. Activated microglia secrete
pro-inflammatory cytokines, including IL-1p, TNF-a , IL-6,
and the inducible form of nitric oxide synthase (iNOS).”
Activation of microglia cells is required for normal brain
defense mechanisms. However, overactivation of microglia
leads to chronic  neuroinflammation,  which s
neurodestructive.

In autism, increasing evidence suggests chronic activation of
microglia. Post-mortem brain examination has revealed
abnormally activated microglia and astrocytes in multiple
brain regions.*>? Morgan et al® found microglial activation
and increased microglial density in the dorsolateral prefrontal
cortex of brains with autism (n=13) as compared to controls
(n=9). It is of interest that microglial activation presents in
early age. Two of three autism cases under the age of 6 had
markedly microglial activation, suggesting microglial
activation may play an important role in the pathogenesis of
autism.® In another post-mortem study, Vargas and
colleagues reported that microglial activation was widespread
in the cortical and subcortical regions, including the
cerebellum, midfrontal and cingulate gyrus.* Tetreaulte et al
(2012) reported microglial activation in the fronto-insular and
visual cortices in subjects with autism as compared to
matched controls. Because the two regions are anatomically
distinct, it is speculated that the density of microglia in brains
with autisms might be higher throughout the cerebral
cortex.® Furthermore, a recent case-controlled study using
positron emission tomography (PET) revealed overactivation
of microglia in multiple brain regions.? In this PET study, 20
men with ASD (age range 18-31) and 20 age-matched
healthy men underwent 3-dimensional magnetic resonance
images (MRIs) prior to PET measurement. The activated
microglial density in the brain was measured using
radiotracer for microglia - [11C](R)-PK11195. The
radiotracer binding potential was significantly increased in
multiple brain regions (such as the cerebellum, midbrain,
pons, and fusiform gyri) in subjects with ASD compared with
controls. Among the above brain regions, the cerebellum
showed the most prominent hyperactivation in those with
ASD.” The cytokine profile from brain tissue and CSF also
suggests neuroglial activation in subjects with autism. Vargas
et al examined cytokine levels in fresh-frozen tissues from
seven autistic patients and CSF from six living autistic
patients. In the brain tissues, macrophage chemoattractant
protein (MCP)-1 was increased in the anterior cingulated
gyrus. Tumor growth factor (TGF)-beta 1, which is derived
from microglia and astroglia, was significantly increased in
the middle frontal gyrus in autistic patients. Protein array
analysis of the CSF showed significant elevation of MCP-1
in autistic subjects.* Several other studies also report
elevation of proinflammatory cytokines in the CSF or brain
tissue of autistic subjects. Chez et at showed that TNF-a was
increased in the CSF of autistic patients.” A study conducted
by Li et al showed that TNF-a, IL-6, granulocyte-

macrophage colony-stimulating factor (GM-CSF), IL-8, and
IFN-y were significantly elevated in the brain tissue of
autistic patients as compared to controls.*

It has been suggested that overactivation of microglia in
those with ASD most likely begins during the perinatal
period and lasts until adulthood. For example, terbutaline,
which is used to arrest preterm labor, has been associated
with an increased risk for autism® and cognitive deficit.*
Animals treated with terbutaline on post-natal days 2 and 5
showed marked microglial activation associated with autistic-
like behavior. On the other hand, animals treated with
terbutaline on post-natal days 11 to 14 did not have any of
the effects.*®

ASTROCYTE ACTIVATION AND AUTISM

Astrocytes are the most abundant cell type in the human
brain. They play important roles in diverse physiological
functions, including repairing brain tissue after injury,
supporting endothelial cells lining the BBB, maintaining
extracellular ion balance, and transmitting nutrients to
neurons.**  Astrocytes also play critical roles in
synaptogenesis during development. However, extended
activation of astrocytes contributes to gliosis and brain
damage. Several studies have found increased levels of
astrocyte markers (glial fibrillary acidic protein, GFAP) in
the CSF in children with autism, suggesting reactive
astrogliosis in the central nervous system (CNS).*>%
Consistently, GFAP was also elevated in multiple post-
mortem brain regions in children with autism as compared to
matched controls. Laurence and Fatemi_reported that GFAP
was elevated in frontal, parietal, and cerebellar cortices in
autistic specimens as compared to controls.*” In addition,
other astrocyte markers (aquaporin 4 and connexin 43) are
also increased in autistic brains as compared to healthy
controls.®®

NEUROINFLAMMATION AND UNDER-CONNECTI-
VITY

Many studies have suggested significant disruption of
connectivity in autistic brains. One study found that the
severity of connectivity abnormality correlates with the
severity of the ASD symptoms.***° Functional magnetic
resonance imaging (fMRI) revealed lower connectivity
between the frontal and parietal-occipital regions.** Other
studies using fMRI showed reduced functional connectivity
between anterior and posterior insula, striatal subregions, and
limbic cortex in ASD as compared to controls.*” In a study
using whole-brain MRI morphometric surveys of asymmetry
in children with high-functioning autism and with
developmental language disorder (DLD), Herbert et al
reported that ASD and DLD showed more asymmetry at the
level of cortical parcellation units, especially in the higher-
order association areas.”® In addition, in a different study,
Hertbert et al also reported that ASD and DLD had increased
total brain and white matter volumes without an increase in
the size of the corpus callosum.** Consistently, Boer-
Mediddo et al found that ASD callosums were small when
adjusted for increased ASD cerebral volume. More severely
affected ASD subjects have greater proportional callosum
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reduction than developmental disorder.®® Taken together,
those data suggest that ASD and DLD have connectivity
abnormalities in higher-order association areas.

Decreased functional connectivity between cortical regions
has been  demonstrated in  wide variety of
neurodevelopmental ~ disorders, including  autism,***
schizophrenia,*” epilepsy,*® obsessive compulsive disorder.*
Accumulating evidence suggests that deficit in synaptic
maturation may contribute to the pathophysiology of mental
illness.*® Microglia have been shown to play an important
role in the elimination of synapses during brain development,
so-called “pruning”.®® It was shown that microglia actively
engulf synaptic material.>* Mice with reduction of microglia,
due to lack of chemokine Cx3crl during the early postnatal
period developed excess of dendritic spines, immature
synpases and immature brain circuitry.”® Furthermore, the
mice with deficiency in synaptic pruning have weak synaptic
transmission, decreased brain connectivity and deficits in
social interaction and other autistic behaviors.*?

Furthermore, chronic neuroinflammation can contribute to
progressive neurodestruction, leading to worsening of ASD.>
Cytokines released by activated microglia and astrocytes are
accumulated during the prolonged neuroglial activation.>* A
abnormally high level of cytokines has been shown to result
in neuronal death, which leads to loss of connectivity.*®

DRUG TREATMENT

Pharmacological management in ASD has traditionally
targeted psycho-behavioral symptoms including anxiety,
hyperactivity, aggression, irritability, and stereotypical
behaviors.*

Antidepressants are also used in treating behavioral symptom
in ASD. One clinical trial has reported improvement in
obsessive-compulsive symptoms with fluoxetine.”” There are
also studies suggesting beneficial effects of other serotonin
reuptake inhibitors (SSRI) such as citalopram®® and
escitalopram.®® However, meta-analysis and Cochrane review
did not reveal the efficacy.”® Moreover, one study suggests
that citalopram induced more adverse events including
impulseness, decreased concentration and hyperactivity.®*
Therefore, the effects of antidepressants are unclear and need
further study.

Many studies have investigated the efficacy of antipsychotics
in ASD treatment for behavioral management. Typical
antipsychotics such as haloperidol have been used much less
due to the side effects, including extrapyramidal symptoms
(EPS).® Atypical antipsychotics have been used more often
for behavioral dysfunction, such as steorotypies, irritability,
hyperactivity, —and aggression.®®  Risperidone® and
aripiprazole™ are the two FDA-approved atypical anti-
psychotics for treatment of behavioral symptoms in children
and adolescents with ASD. Both drugs have side effects,
including weight gain and sedation.®®®” Other drugs such as
neurostimulants (methylphenidate) have been used to treat
ASD. Several clinical trials report beneficial effects, even
though the adverse events were more common.%"° Melatonin

is used to treat sleep disorders. Studies have suggested the
potential benefit in treating insomnia in ASD;"*"* however,
larger trials are needed to confirm the results. Some studies
report that oxytocin infusion reduced repetitive behaviors.’*"
Two studies showed that intranasal oxytocin improved social
interaction and communication of subjects with ASD.”®"’
These promising results warrant further study to demonstrate
the efficacy.

NOVEL TREATMENT

Recent studies on the role of inflammation on ASD have led
to the development of novel therapies. In the past, immune-
based therapies such as usage of steroid and IVIG have been
investigated. Treatment with steroids shows some positive
benefits. A single case study reported improvement in
language and social skill after daily high-dose steroid.” In
one series of 32 children, 53% of subjects had improvement
in EEG and language skills after prednisone treatment.
However, the benefits reported were all transient. In addition,
there is lack of large placebo controlled clinical trial due to
side effects such as Cushingoid or long-term steroid effects.
In the case of IVIG, there is no good evidence showing
efficacy.”

Immunomodulatory therapy with less broad side-effects may
prove to be more effective regimen. Novel treatment has
been delevoped recently. Flavonoid luteolin, which has the
effects of anti-inflammation, microglial activation inhibition,
and anti-oxidative, was shown to be beneficial in children
with ASD.%° An open-label pilot study showed that dietary
supplement containing 2 flavonoids (luteolin and quercetin)
improved function in communication, social skill. The side-
effect includes transient increased irritability.?® The side-
effect profile appears to be much better than steroid. Luteolin
also improved ASD-like behavior in animal models.®*

Actos is FDA approved for diabetes treatment. It has an anti-
inflammatory effect and has been tested in several different
neurological diseases. One open-labeled study reports that
pioglitazone (Actos) improved irritability, stereotopy, and
hyperactivity in those with ASD.®? In one double-blinded,
placebo-controlled trial, combination of the non-steroid anti-
inflammatory drug (Celecoxib) with risperidone was shown
to have more improvement in repetitive behavior and social
withdrawal as compared to risperidone alone treatment.®®

CONCLUSION

Evidence suggests that neuroinflammation plays an important
role in the pathogenesis of ASD from the early stage of the
disease until the later phase. Multiple brain regions are
involved in the process. Pharmaceutical treatments that
reduce neuroinflammation may help to ameliorate the
symptoms in ASD.

CONFLICT OF INTEREST
None.

REFERENCES
1. Johnson CP, Myers SM. Identification and evaluation of children with
autism spectrum disorders. Pediatrics. 2007;120(5):1183-1215.



Worth Anerican Jownal af Medizive and Seience

Jul 2074 Vol 7 Ne.3

121

2.

10.

11.

12.

13.

14.

15.

16.

17.

18.

10.

20.

21.

22.

23.

24.

25.

CDC. Prevalence of autism spectrum disorder among children aged 8
years - autism and developmental disabilities monitoring network, 11
sites, United States, 2010. MMWR Surveill Summ. 2014;63(2):1-21.
Pardo CA, Vargas DL, Zimmerman AW. Immunity, neuroglia and
neuroinflammation in autism. Int Rev Psychiatry. 2005;17(6):485-495.
Vargas DL, Nascimbene C, Krishnan C, Zimmerman AW, Pardo CA.
Neuroglial activation and neuroinflammation in the brain of patients
with autism. Ann Neurol. 2005;57(1):67-81.

Morgan JT, Chana G, Pardo CA, et al. Microglial activation and
increased microglial density observed in the dorsolateral prefrontal
cortex in autism. Biol Psychiatry. 2010;68(4):368-376.

Zimmerman AW, Jyonouchi H, Comi AM, et al. Cerebrospinal fluid
and serum markers of inflammation in autism. Pediatr Neurol.
2005;33(3):195-201.

Chez MG, Dowling T, Patel PB, Khanna P, Kominsky M. Elevation of
tumor necrosis factor-alpha in cerebrospinal fluid of autistic children.
Pediatr Neurol. 2007;36(6):361-365.

Atladottir HO, Pedersen MG, Thorsen P, et al. Association of family
history of autoimmune diseases and autism spectrum disorders.
Pediatrics. 2009;124(2):687-694.

Hsiao EY, McBride SW, Chow J, Mazmanian SK, Patterson PH.
Modeling an autism risk factor in mice leads to permanent immune
dysregulation. Proc Natl Acad Sci U S A. 2012;109(31):12776-12781.
Malkova NV, Yu CZ, Hsiao EY, Moore MJ, Patterson PH. Maternal
immune activation yields offspring displaying mouse versions of the
three core symptoms of autism. Brain Behav Immun. 2012;26(4):607-
616.

Pang X, Letourneau R, Rozniecki JJ, Wang L, Theoharides TC.
Definitive characterization of rat hypothalamic mast cells.
Neuroscience. 1996;73(3):889-902.

Skaper SD, Giusti P, Facci L. Microglia and mast cells: two tracks on
the road to neuroinflammation. FASEB J. 2012;26(8):3103-3117.
Angelidou A, Alysandratos KD, Asadi S, et al. Brief report: “allergic
symptoms" in children with Autism Spectrum Disorders. More than
meets the eye? J Autism Dev Disord. 2011;41(11):1579-1585.

Galli SJ. New concepts about the mast cell. N Engl J Med.
1993;328(4):257-265.

Theoharides TC, Doyle R. Autism, gut-blood-brain barrier, and mast
cells. J Clin Psychopharmacol. 2008;28(5):479-483.

Rossi CC, Van de Water J, Rogers SJ, Amaral DG. Detection of
plasma autoantibodies to brain tissue in young children with and
without autism  spectrum  disorders. Brain Behav Immun.
2011;25(6):1123-1135.

Braunschweig D, Ashwood P, Krakowiak P, et al. Autism: maternally
derived antibodies specific for fetal brain proteins. Neurotoxicology.
2008;29(2):226-231.

Braunschweig D, Duncanson P, Boyce R, et al. Behavioral correlates
of maternal antibody status among children with autism. J Autism Dev
Disord. 2012;42(7):1435-1445.

Mostafa GA, Al-Ayadhi LY. The possible relationship between
allergic manifestations and elevated serum levels of brain specific auto-
antibodies in autistic children. J Neuroimmunol. 2013;261(1-2):77-81.
Donelan J, Boucher W, Papadopoulou N, et al. Corticotropin-releasing
hormone induces skin vascular permeability through a neurotensin-
dependent process. Proc Natl Acad Sci U S A. 2006;103(20):7759-
7764.

Vasiadi M, Therianou A, Alysandratos KD, et al. Serum neurotensin
(NT) is increased in psoriasis and NT induces vascular endothelial
growth factor release from human mast cells. Br J Dermatol.
2012;166(6):1349-1352.

Asadi S, Theoharides TC. Corticotropin-releasing hormone and
extracellular mitochondria augment IgE-stimulated human mast-cell
vascular endothelial growth factor release, which is inhibited by
luteolin. J Neuroinflammation. 2012;9:85-91.

Angelidou A, Francis K, Vasiadi M, et al. Neurotensin is increased in
serum of young children with autistic disorder. J Neuroinflammation.
2010;7:48-53.

Theoharides TC, Zhang B, Kempuraj D, et al. IL-33 augments
substance P-induced VEGF secretion from human mast cells and is
increased in psoriatic skin. Proc Natl Acad Sci U S A. 2010;107(9):
4448-4453.

Paolicelli RC, Bolasco G, Pagani F, et al. Synaptic pruning by
microglia is necessary for normal brain development. Science.
2011;333(6048):1456-1458.

26.

27.

28.

29.

30.

3L

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

Sierra A, Encinas JM, Deudero JJ, et al. Microglia shape adult
hippocampal neurogenesis through apoptosis-coupled phagocytosis.
Cell Stem Cell. 2010;7(4):483-495.

Smith JA, Das A, Ray SK, Banik NL. Role of pro-inflammatory
cytokines released from microglia in neurodegenerative diseases. Brain
Res Bull. 2012;87(1):10-20.

Tetreault NA, Hakeem AY, Jiang S, et al. Microglia in the cerebral
cortex in autism. J Autism Dev Disord. 2012;42(12):2569-2584.
Suzuki K, Sugihara G, Ouchi Y, et al. Microglial activation in young
adults with autism spectrum disorder. JAMA  Psychiatry.
2013;70(1):49-58.

Li X, Chauhan A, Sheikh AM, et al. Elevated immune response in the
brain of autistic patients. J Neuroimmunol. 2009;207(1-2):111-116.
Connors SL, Crowell DE, Eberhart CG, et al. beta2-adrenergic receptor
activation and genetic polymorphisms in autism: data from dizygotic
twins. J Child Neurol. 2005;20(11):876-884.

Pitzer M, Schmidt MH, Esser G, Laucht M. Child development after
maternal tocolysis with beta-sympathomimetic drugs. Child Psychiatry
Hum Dev. 2001;31(3):165-182.

Zerrate MC, Pletnikov M, Connors SL, et al. Neuroinflammation and
behavioral abnormalities after neonatal terbutaline treatment in rats:
implications for autism. J Pharmacol Exp Ther. 2007;322(1):16-22.
Sofroniew MV, Vinters HV. Astrocytes: biology and pathology. Acta
Neuropathol. 2010;119(1):7-35.

Ahlsen G, Rosengren L, Belfrage M, et al. Glial fibrillary acidic
protein in the cerebrospinal fluid of children with autism and other
neuropsychiatric disorders. Biol Psychiatry. 1993;33(10):734-743.
Rosengren LE, Ahlsen G, Belfrage M, Gillberg C, Haglid KG,
Hamberger A. A sensitive ELISA for glial fibrillary acidic protein:
application in CSF of children. J Neurosci Methods. 1992;44(2-3):113-
119.

Laurence JA, Fatemi SH. Glial fibrillary acidic protein is elevated in
superior frontal, parietal and cerebellar cortices of autistic subjects.
Cerebellum. 2005;4(3):206-210.

Fatemi SH, Folsom TD, Reutiman TJ, Lee S. Expression of astrocytic
markers aquaporin 4 and connexin 43 is altered in brains of subjects
with autism. Synapse. 2008;62(7):501-507.

Boger-Megiddo I, Shaw DW, Friedman SD, et al. Corpus callosum
morphometrics in young children with autism spectrum disorder. J
Autism Dev Disord. 2006;36(6):733-739.

Barttfeld P, Wicker B, Cukier S, Navarta S, Lew S, Sigman M. A big-
world network in ASD: dynamical connectivity analysis reflects a
deficit in long-range connections and an excess of short-range
connections. Neuropsychologia. 2011;49(2):254-263.

Damarla SR, Keller TA, Kana RK, et al. Cortical underconnectivity
coupled with preserved visuospatial cognition in autism: Evidence
from an fMRI study of an embedded figures task. Autism Res.
2010;3(5):273-279.

Ebisch SJ, Gallese V, Willems RM, et al. Altered intrinsic functional
connectivity of anterior and posterior insula regions in high-
functioning participants with autism spectrum disorder. Hum Brain
Mapp. 2011;32(7):1013-1028.

Herbert MR, Ziegler DA, Deutsch CK, et al. Brain asymmetries in
autism and developmental language disorder: a nested whole-brain
analysis. Brain. 2005;128(Pt 1):213-226.

Herbert MR, Ziegler DA, Makris N, et al. Localization of white matter
volume increase in autism and developmental language disorder. Ann
Neurol. 2004;55(4):530-540.

Dichter GS. Functional magnetic resonance imaging of autism
spectrum disorders. Dialogues Clin Neurosci. 2012;14(3):319-351.
Dinstein I, Pierce K, Eyler L, et al. Disrupted neural synchronization in
toddlers with autism. Neuron. 2011;70(6):1218-1225.
Meyer-Lindenberg AS, Olsen RK, Kohn PD, et al. Regionally specific
disturbance of dorsolateral prefrontal-hippocampal ~ functional
connectivity in schizophrenia. Arch Gen Psychiatry. 2005;62(4):379-
386.

Waites AB, Briellmann RS, Saling MM, Abbott DF, Jackson GD.
Functional connectivity networks are disrupted in left temporal lobe
epilepsy. Ann Neurol. 2006;59(2):335-343.

Harrison BJ, Soriano-Mas C, Pujol J, et al. Altered corticostriatal
functional connectivity in obsessive-compulsive disorder. Arch Gen
Psychiatry. 2009;66(11):1189-1200.

Courchesne E, Pierce K. Why the frontal cortex in autism might be
talking only to itself: local over-connectivity but long-distance
disconnection. Curr Opin Neurobiol. 2005;15(2):225-230.



122

Tl 2074 Vol 7 Mo, 3

North Anerican Jownal ap‘ Medicive and Sorence

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

Paolicelli RC, Gross CT. Microglia in development: linking brain
wiring to brain environment. Neuron Glia Biol. 2011;7(1):77-83.

Zhan Y, Paolicelli RC, Sforazzini F, et al. Deficient neuron-microglia
signaling results in impaired functional brain connectivity and social
behavior. Nat Neurosci. 2014;17(3):400-406.

Streit WJ, Mrak RE, Griffin WS. Microglia and neuroinflammation: a
pathological perspective. J Neuroinflammation. 2004;1(1):14.

Rock RB, Gekker G, Hu S, et al. Role of microglia in central nervous
system infections. Clin Microbiol Rev. 2004;17(4):942-964.

Gehrmann J, Matsumoto Y, Kreutzberg GW. Microglia: intrinsic
immuneffector cell of the brain. Brain Res Brain Res Rev.
1995;20(3):269-287.

Sung M, Fung DS, Cai Y, Ooi YP. Pharmacological management in
children and adolescents with pervasive developmental disorder. Aust
N Z J Psychiatry. 2010;44(5):410-428.

Hollander E, Phillips A, Chaplin W, et al. A placebo controlled
crossover trial of liquid fluoxetine on repetitive behaviors in childhood
and adolescent autism. Neuropsychopharmacology. 2005;30(3):582-
589.

Namerow L, Thomas P, Bostic JQ, Prince J, Monuteaux MC. Use of
citalopram in pervasive developmental disorders. J Dev Behav Pediatr.
2003;24(2):104-108.

Owley T, Walton L, Salt J, et al. An open-label trial of escitalopram in
pervasive developmental disorders. J Am Acad Child Adolesc
Psychiatry. 2005;44(4):343-348.

Williams K, Wheeler DM, Silove N, Hazell P. Selective serotonin
reuptake inhibitors (SSRIs) for autism spectrum disorders (ASD).
Cochrane Database Syst Rev. 2010(8):CD004677.

King BH, Hollander E, Sikich L, et al. Lack of efficacy of citalopram
in children with autism spectrum disorders and high levels of repetitive
behavior: citalopram ineffective in children with autism. Arch Gen
Psychiatry. 2009;66(6):583-590.

Campbell M, Armenteros JL, Malone RP, Adams PB, Eisenberg ZW,
Overall JE. Neuroleptic-related dyskinesias in autistic children: a
prospective, longitudinal study. J Am Acad Child Adolesc Psychiatry.
1997;36(6):835-843.

McDougle CJ, Stigler KA, Erickson CA, Posey DJ. Atypical
antipsychotics in children and adolescents with autistic and other
pervasive developmental disorders. J Clin Psychiatry. 2008;69(Suppl
4):15-20.

Caccia S. Safety and pharmacokinetics of atypical antipsychotics in
children and adolescents. Paediatr Drugs. 2013;15(3):217-233.

Curran MP. Aripiprazole in the treatment of irritability associated with
autistic disorder in paediatric patients: profile report. CNS Drugs.
2011;25(9):801-802.

Maayan L, Correll CU. Weight gain and metabolic risks associated
with antipsychotic medications in children and adolescents. J Child
Adolesc Psychopharmacol. 2011;21(6):517-535.

Sharma A, Shaw SR. Efficacy of risperidone in managing maladaptive
behaviors for children with autistic spectrum disorder: a meta-analysis.
J Pediatr Health Care. 2012;26(4):291-299.

Handen BL, Johnson CR, Lubetsky M. Efficacy of methylphenidate
among children with autism and symptoms of attention-deficit
hyperactivity disorder. J Autism Dev Disord. 2000;30(3):245-255.

69.

70.

71.

72.

73.

74.

75.

76.

77.

78.

79.

80.

81.

82.

83.

Buitelaar JK, Danckaerts M, Gillberg C, et al. A prospective,
multicenter, open-label assessment of atomoxetine in non-North
American children and adolescents with ADHD. Eur Child Adolesc
Psychiatry. 2004;13(4):249-257.

Ghuman JK, Aman MG, Lecavalier L, et al. Randomized, placebo-
controlled, crossover study of methylphenidate for attention-
deficit/hyperactivity ~disorder symptoms in preschoolers with
developmental disorders. J Child Adolesc Psychopharmacol.
2009;19(4):329-339.

Andersen IM, Kaczmarska J, McGrew SG, Malow BA. Melatonin for
insomnia in children with autism spectrum disorders. J Child Neurol.
2008;23(5):482-485.

Malow B, Adkins KW, McGrew SG, et al. Melatonin for sleep in
children with autism: a controlled trial examining dose, tolerability,
and outcomes. J Autism Dev Disord. 2012;42(8):1729-1737.
Wirojanan J, Jacquemont S, Diaz R, et al. The efficacy of melatonin
for sleep problems in children with autism, fragile X syndrome, or
autism and fragile X syndrome. J Clin Sleep Med. 2009;5(2):145-150.
Hollander E, Novotny S, Hanratty M, et al. Oxytocin infusion reduces
repetitive behaviors in adults with autistic and Asperger's disorders.
Neuropsychopharmacology. 2003;28(1):193-198.

Hollander E, Bartz J, Chaplin W, et al. Oxytocin increases retention of
social cognition in autism. Biol Psychiatry. 2007;61(4):498-503.
Andari E, Duhamel JR, Zalla T, Herbrecht E, Leboyer M, Sirigu A.
Promoting social behavior with oxytocin in high-functioning autism
spectrum disorders. Proc Natl Acad Sci U S A. 2010;107(9):4389-
4394.

Tachibana M, Kagitani-Shimono K, Mohri |, et al. Long-term
administration of intranasal oxytocin is a safe and promising therapy
for early adolescent boys with autism spectrum disorders. J Child
Adolesc Psychopharmacol. 2013;23(2):123-127.

Stefanatos GA, Grover W, Geller E. Case study: corticosteroid
treatment of language regression in pervasive developmental disorder.
J Am Acad Child Adolesc Psychiatry. 1995;34(8):1107-1111.

Chez MG, Guido-Estrada N. Immune therapy in autism: historical
experience and future directions with immunomodulatory therapy.
Neurotherapeutics. 2010;7(3):293-301.

Taliou A, Zintzaras E, Lykouras L, Francis K. An open-label pilot
study of a formulation containing the anti-inflammatory flavonoid
luteolin and its effects on behavior in children with autism spectrum
disorders. Clin Ther. 2013;35(5):592-602.

Parker-Athill E, Luo D, Bailey A, et al. Flavonoids, a prenatal
prophylaxis via targeting JAK2/STAT3 signaling to oppose IL-6/MIA
associated autism. J Neuroimmunol. 2009;217(1-2):20-27.

Boris M, Kaiser CC, Goldblatt A, et al. Effect of pioglitazone treatment
on behavioral symptoms in autistic children. J Neuroinflammation.
2007;4:3-10.

Asadabadi M, Mohammadi MR, Ghanizadeh A, et al. Celecoxib as
adjunctive treatment to risperidone in children with autistic disorder: a
randomized, double-blind, placebo-controlled trial.
Psychopharmacology (Berl). 2013;225(1):51-59.



