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*Review immune findings in Autism Spectrum Disorder
sImmunogenetics: gene expression profiles, HLA
*Maternal and child autoantibodies: causes or effects?
*Microglial activation: neurotoxic or neuroprotective?
*Neuroglial functions: a broader perspective
*Prenatal insults: reprogramming -- arrested development?
sImmunomodulatory therapies — Rx at which level?

*Cellular metabolic and synaptic dysfunction:
the “fever effect”

Pediatric Neurology 2006;35:303-307

HLA-DR4 in Families With Autism

Li-Ching Lee, PhD, Andrea A. Zachary, PhD, Mary S. Leffell, PhD,
Craig J. Newschaffer, PhD, Karla J. Matteson, PhD, John D. Tyler, PhD, and
Andrew W. Zimmerman, MD

QOdds Ratio (C.1.)

DR4 - Tennessee Mothers: (1.74, 18.67)
Fathers: 1. (0.44,5.42)

Children GEEED (1.37, 13.27)

AGRE (USA) Mothers: 1.10  (0.47, 2.49)
Fathers:  0.94  (0.40, 2.20)
Children: 0.94 (0.40, 2.20)

Figure 4 Network 1 desived from the ASD highly expressed gene set. Oringe genes we those presént in AUt that are highly expressed

Cytokines-plasma of children

Study Description

Elevated levels of IL-1b, IL-6, IL-8 and IL-12p40. Associated
with regression

Ziats MN, Rennert OM
PLoS ONE 6:9, 2011

Reference

(Ashwood, et al.,
2011b)

Increase in chemokine MCP-1, Rantes and Eotaxin levels in
ASD subjects compared to age-matched typically developing
controls. An association between increases chemokines
levels with aberrant behaviors.

(Ashwood et al.,
2011c)

In male ASD subjects, an increase in cytokines IL-1beta, IL-
1RA, IL-5, IL-8, IL-12(p70), IL-13, IL-17 and GRO-alpha.

(Suzuki et al., 2011)

Increase in leptin levels in ASD subjects compared to age-

(Ashwood et al.,

matched controls. 2008b)
Increase in macrophage migration inhibitory factor (MIF) | (Grigorenko et al.,
in ASD subjects compared to age-matched controls. 2008)

Decrease in TGF-beta in subjects with ASD compared to
controls.

(Ashwood et al.,
2008a; Okada et al.,
2007)

Increase in IL-12 and IFN-gamma in ASD subjects compared
to age-matched controls.

(Singh, 1996)
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Cytokine/Chemokines- activated cells

Study Description Reference

In isolated PBMCs stimulated with PHA, increase in GM-CSF, TNF-alpha |(Ashwood etal.,
and IL-13. A decrease in IL-12(p40) in ASD subjects vs. controls. 2011d)
Stimulation of TLR on monocytes - ASD vs. to age-matched controls.
Increase in IL-1beta, IL-6, TNF-alpha, with stimulation of TLR2. Increase
in IL-1beta, with stimulation of TLR4. Decrease in IL-1beta, IL-6,
GMCSF, TNF-alpha with TLR9.

(Enstrom et al., 2010)

(Enstrom et al.,
2009b)

(Molloy et al., 2006)

Increase in IFN-gamma in NK cells from subjects with ASD.

Increase production of cytokines from Th1 and Th2 cytokines in ASD
subjects vs age-matched controls.

Increase in IL-12 and TNF-alpha in ASD subject with GI symptoms. {yonouchi et al,

2005)
Increase in IFN-gamma and TNF-alpha in isolated PBMCs from ASD (Jyonouchi et al.,
subjects compared to age-matched controls stimulated with LPS. 2002)
Unstimulated whole blood from ASD vs. age-matched controls — (Croonenberghs et

increase in IFN-gamma and IL-1RA with -higher IL-6 and TNF-alpha. al., 2002)

Unstimulated PBMC- ASD subjects: higher levels of TNF-alpha, IL-
1beta, and IL-6 vs. controls. PBMCs stimulated with LPS, PHA and

Ltetanus produced increase levels of IL-12 and Il-lbeta

(Jyonouchi et al.,
2002)

T cells in Autism

« When peripheral blood T cells were stimulated, GM-CSF,
TNFa, and IL-13 were significantly increased whereas
IL-12p40 was decreased in ASD relative to TD controls.

* Increased pro-inflammatory or TH1 cytokines were
associated with greater impairments in core features of
ASD as well as aberrant behaviors.

In contrast, production of GM-CSF and TH2 cytokines
were associated with better cognitive and adaptive
function.

Ashwood P, Krakowiak P, Hertz-Picciotto |, Hansen R, Pessah IN,
Van de Water, J. Brain Behav Immun. 2010
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journal homepage: www.elsevier.com/locate/ybrbi

Activating KIR molecules and their cognate ligands prevail in children @W“m
with a diagnosis of ASD and in their mothers

Elisabetta Bolognesi %, Matteo Chiappedi®, Salvatorica Manca®, Alessandro Ghezzo®,
. Michela Zanette *, Roberto Littera®, Carlo Carcassi®”, Stefano Sotgiu*, Mario Clerici*"

Franca R. Guerini
Cristina Agliard

HLA-Bw4 4~

Torres AR et al, Brain Behav Immun. 2012;26:1122

Phases of inflammation after an acute sterile CNS insult
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Hagberg H et al ANN NEUROL 2012;71:444-457

MATERNAL ANTIBODIES TO FETAL BRAIN PROTEINS

Braunschweig et al, JADD 2011

PREGNANT DAM MODEL

Figure 1
using FITG 19G mouse brain
from newborn pups of injected dams
MCAD Muc Buffer
Placental {1
YES

Figure 2
Iba-1 staining of mouse brain from newbam pup from dam injected with buffer and with MCAD
1gG at 20X magnification, Sections are counter stained with cresyl violet
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Autism-specific maternal autoantibodies
D Braunschweig et al Trans! Psychiatry (2013) 3, 6277
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Figured Schematic model depicting the neurodevelopmental roles for each of
the matemal autoantibody target proteins. Disruption of protein function or quantity
may negatively after neurodevelopment, potentially leading to the core features
associated with autism. There is likely an additive effect as illustrated by the autism
spectrum disorder specificity of the various autoantibody combinations. CRMP,
collapsin response medialor protein; LDH, lactate dehydrogenase; STIP1, stress-
induced phosphoprotein 1; YBX1, Y-bax-binding protein.
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Autoantibodies in Children

e *"‘J\O Y

«Intense Golgi cell staining in ~21% of
patients with ASD compared with 0% of
normal controls (BBI, 2008). This staining
pattern correlates with a ~52 kDa protein by
blot (Wills et al, 2008).

e In addition to antibodies against the
cerebellum, there is intense reactivity to
proteins in the thalamus and hypothalamus
(Cabanlit et al, ANYAS, 2007).

Van de Water, J. 2008
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Neuroglial Activation in Autism
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Pattern of increased cytokines in brain
regions of patients with autism
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Cytokines

Microglial
Activation

Beneficial

Neuroinflammation

Neither ?

Harmful

A Critical Balance

Normal Development

Neuroscience and Biobehavioral Reviews 38 (2014) 150

Contents lists available at ScienceDirect

Neuroscience and Biobehavioral Reviews

journal homepage: www elsevier.com/locate/neubiorev

Review
The glial perspective of autism spectrum disorders

Fares Zeidan-Chulid®*, Alla B. Salmina®, Natalia A. Malinovskaya®, Mami Noda“©,
Alexei Verkhratsky %, José Cliudio Fonseca Moreira®

38(2014) 160-172
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Synaptogenesis
Defining the cyto-architecture
of the CNS

Formation of neura-vascular unit
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Early syneptogenesis
Formation and maintenance of
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Clustering of fon channels at nodes
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fon homeostasis
Water transport
Neurotransmitter homeostasis.
Synaptic maintenance and plasticity
Rogulation of local blood flow
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v of action
potentials Secration of trophic factors
Minimisation of axonal diameter
Modulation of synaptic transmission

Metabolic support of the axon
Regulation of neuroganesis

Mechanical support of the axon

F. Zeidtn- Chulid et al./ Neuroscience and Biobehavioral Reviews 38 (2014) 160-172

F.Zetdd-Churid et ol f Neuroscience and Biobehaviaral Reviews 38 (2014) 160-172
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rev = radiating cortical vessel

rg = radial glial astrocytes

n = neuronal progenitors

m = meninges; cp= cortical plate

MICROGLIAL COLONIZATION OF THE HUMAN CEREBRAL CORTEX

22 weeks Rezaie P & Male D Microscogx Rsch Tech 1999;45:359

Ziats MN, Rennert OM
PLOS ONE 6:9, 2011

Figure 5. Network i AuIDB that are highly expressed.

IMMUNE DYSREGULATION IN ASD

Immune-related Immune effects on Noural immune Interactions.

prenatal risk factors neurodevelopment on brain and behavior
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Hsiao, EY Int Rvw Neurobiol 2013;113:269

IMMUNOMODULATION ?

* |VIG

* Prednisone

¢ Minocycline

* Pioglitazone

¢ Infliximab

¢ Experimental models?
—VPA
— fraX mice

— Bone marrow transplant
— Stem cells

Fever in Children with Autism

30 children with autism, with fever;
30 age-matched with autism,
afebrile.

=

Overall, 83% of children improved on at least one
domain of the A.B.C. during fever: irritability,
stereotypy, hyperactivity, and inappropriate
speech.

Curran LK et al, Pediatrics 2007

Results: Mean ABC Subscale Scores
and RM-ANOVA Findings (n=30 pairs)
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Biochemical and Metabolic Abnormalities
in ASD Compared to Neurotypical
Children

¢ Oxidative Stress Increased and Antioxidant Enzymes Lower
* Total Glutathione Levels are Lower

¢ Ratio of Oxidized to Reduced Glutathione Levels is Higher
¢ Capacity for Reducing Glutathione is Impaired

* Enhanced Lipid Peroxidation

Increased Neuroinflammation in Selected Brain Regions
Elevated NO Synthesis

Impaired Mitochondrial Function and Energy Generation
Nrf2 Levels are Depressed and Genes under its Control are
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OFFICIAL JOURNAL OF THE AMERICAN ACADEMY OF PEDIATRICS

Deficits in Bioenergetics and Impaired Immune Response in Granulocytes From
Children With Autism
Eleonora Napoli, Sarah Wong, Irva Hertz-Picciotto and Cecilia Giulivi
Pediarries; originally published online April 21, 2014:
DOI: 10.1542/peds.2013-1545

Metabolism of Granulocytes in
Children with ASD

ASD Neurotypical p
development

Resting O, Uptake 0.38+0.09 1.1+0.3 .05

NADH Oxidase 4.613.1 10.9+4.9 .01
Succinate Oxidase 1.6+1.2 5.2+2.0 .001|
ATPase 46128 123154 .005

Nrf2 Gene Express Level 0.45+0.01 1.00+0.03 .01
[nmol x (min x mg protein)-]

(Napoli et al, Pediatrics 2014)
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IMMUNE DYSREGULATION IN AUTISM
A.

POSSIBLE CAUSES OF
NEUROINFLAMMATION AND

EXOGENOUS: e.g., infections, valproate,

“environmental factors”

AUTOIMMUNE ACTIVATION

ALTERED (IMMUNE) GENE EXPRESSION AND BRAIN

DEVELOPMENT

All of the above.

. CELLULAR METABOLIC DYSFUNCTION

REINING IN AUTISM
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