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And Oxidative Stress in Children with Autism:
Metabolic Biomarkers and Genetic Polymorphisms
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Overview

Pathways of Folate/Methionine/Glutathione metabolism;
Impact of Oxidative Stress

Mechanisms and Functions of Glutathione
Depletion of glutathione with Thimerosal in vitro

Abnormal Methylation and Oxidative Stress in Autistic
Children: Treatment with Methyl B-12, Folinic Acid, and TMG

Selected Genetic Polymorphisms Associated with the Abnormal
Metabolic Profile in Autism

Implications of Oxidative Stress in the Pathogenesis of Autism
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RELEVANT BACKGROUND INFORMATION

Methionine is an essential AA!

Cysteine is a "conditionally” essential AA} &* (D
$ *
+
Cysteine may be an essential amino acid in children with autism!

Cysteine is the rate-limiting amino acid for glutathione (Glu-6Gly-
Cys) synthesis: Y 4
0 / t



How Does Oxidative Stress Influence
Methionine Metabolism?



‘Impac’r of Oxidative Stress on Methionine Transsulfuration
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[ESTROGEN: THE FEMALE ADVANTAGE IN THIOL CHEMISTRY,
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ANTIOXIDANT FUNCTION OF GLUTATHIONE
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DETOXIFICATION FUNCTIONS OF GLUTATHIONE

Maternal/Fetal Drug/Carcinogen Exposures

l GST

Heavy Metals | —— Glutathione Conjugate

Glutamine
\> Glycine

Mercapturic Acid
(Cysteine conjugate)

Bile and Urine Excretion*
*Cysteine loss = increased requirement for
de novo glutathione synthesis; sulfur loss in urine

Detoxificationt Hg, As, Pb, Cd bind to thiol (SH) group; Metal-cysteine conjugates excreted




Functional Consequences of Low GSH/GSS6
and Increased Oxidative Stress

Reduced ability to detoxify environmental toxicants and heavy metals:
4 0 * 0

Oxidation of active site cysteine (-SH groups) in enzymes: altered
structure/function:

3 3 § 3 / /
Decreased liver GSH synthesis: reduced export of cysteine to brain:
/ 5 6 h
4 O

Integrity of the gut epithelium compromised:
3 3 * 3

Altered T-cell subpopulations:
# 1% # 1* */
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Neurotoxicity of Thimerosal in Human Brain Cells
is Associated with Glutathione Depletion:

Protective Effect of N-Acetyl Cysteine or Glutathione
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Neurotoxicology, volume 26: ppl1-8, 2005



GLUTATHIONE SYNTHESIS IN THE BRAIN IS DEPENDENT
ON HEPATIC CYSTEINE SYNTHESIS AND EXPORT
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WORKING HYPOTHESIS

The neurotoxicity of Thimerosal is associated with depletion
of glutathione, the major intracellular antioxidant
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Glutathione is the major mechanism of mercury detoxification



Intracellular glutathione levels in cells exposed to 15 UM

Thimerosal (T) in presence of 100 pM N-acetylcysteine (NAC)

or glutathione ethyl ester (GSH)
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ROS generation
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Cells from autistic children generate more free radicals than control cells
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Cells from autistic children have lower GSH/GSS6G ratio than control cells
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CONCLUSION



Gncreased Oxidative Stress and Impaired Methylation )
Capacity in Children with Autism: Metabolic Biomarkers
and Genetic Predisposition

Results of Intervention Trial with Folinic Acid,
K TMG, and Me'l'hyl-BIZ /

American Journal of Clinical Nutrition volume 80: pp 611-17,2004
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Baseline Methionine Cycle Metabolites:
Subset means within the overall means )
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Baseline Transsulfuration Metabolites:
Subsets within the overall means

Autistic Control p value
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MINIMUM ESSENTIAL THIOL PROFILE
AVAILABLE COMMERCIALLY

(FASTING)
Methionine: $ $ $
Total Homocysteine: :
$
Cysteine: $ $ $6
GSH: $6 $ 0 0
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Pharmacologic doses of nutrient cofactors can

break the vicious cycles, restore normal flux,

kand release metabolic blocks by mass action )




Folinic Acid, Betaine, and Methyl B-12
Supplementation in Children with Autism
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Proportion of Autistic Children within Normal Range

Before and After Supplementation
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| INTERPRETATION

Folinic Acid and Betaine brought all the methionine cycle
metabolites into normal range.

The combined regimen of Folinic Acid, Betaine, and
Methyl B12 brought all the transsulfuration metabolites into
the normal range.

Best predictors of impaired methylation are low methionine
and SAM/SAH ratio OR elevated adenosine.

Best predictors of impaired antioxidant defense are
low cysteine, and low glutathione (low GSH/GSSG6 ratio).




Expanded Baseline Data and Lessons Learned

We now know after analyzing baseline metabolites from
over 100 autistic children:

1. Each child is unique - one size (dose) does not fit all

2. Low cysteine, low free glutathione, low GSH/6SSG Ratio
(reduced antioxidant capacity) are present in over 80%
of autistic children.

3. Increased SAH and elevated adenosine (reduced
methylation capacity) only occurs in a subset of about
217% of autistic children.

4. About 20% of children with autism do not tolerate
TMG (become hyperactive) and about 5% do not
tolerate folinic acid or methylB12.



[Mefhionine Transsulfuration to Cysteine and Glu’ra‘l'hione]
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Chronic oxidative stress decreases both

methionine cycle flux and glutathione synthesis

creating a self-perpetuating vicious cycle
in autistic children y




{ Chronic oxidative stress decreases both J
me‘rhlonme cycle flux and glutathione synthesis
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[ GLUTATHIONE AND VIRAL INFECTION ]

Viral infection depletes GSH and increases oxidative stress

Influenza, herpes, measles virus infection induce GSH export

GSH blocks cytokine induction required for viral replication,
reduces viral reverse transcriptase activity and blocks

expression of viral proteins

Maintains cell-mediated immune response (Th1/Th2 ratio)

GSH is a potent anti-viral agent!



[ AUTISM, GSH, AND VIRAL INFECTION]

Low SAM and low GSH self-amplify and increase
susceptibility to viral infection, increase virulence,
and impair timely resolution of the viral infection

Many autistic children have low SAM and low GSH

High levels of SAM and GSH are anti-viral

Treatment strategies that increase SAM and
GSH are protective against viral infection
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Metabolic Response to Genetic Polymorphisms
in the Methionine Cycle
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Functions of Polymorphic Genes Analyzed

MTHFR: Methylenetetrahydrofolate reductase
Transfers methyl groups for methionine synthesis

MTRR: Methionine synthase reductase
May reduce methionine synthase activity

RFC: Reduced Folate Carrier;Transports folate into the cell

6S5STs: Glutathione-S- Transferase
Important for glutathione detoxification capacity

TCII: Transcobalamin IT; Transports methylB12 into the cell

COMT: Catechol-O-methyltransferase; Methylates dopamine and
prevents dopamine-induced oxidative stress in the brain

APO E4: May help detoxify mercury




Polymorphisms in the Methionine Cycle Pathway

‘MeThylene‘re‘rr‘ahydr'ofola‘re Reductase (677C—T:1298A—C) ‘

7+ MTHFR 677 TT "G 2
14 T(GA)
Autistic Children (360) 7> TiEA 4 NN
1+ MTHFR 677 CT
1k E>D)
Autistic Children (360): ED+1) 7+>" 4
>t MTHFR 677CT/1298AC
TR D7)
Autistic Children (360): 23.7% 1.7 NS: 0.07

NN4 4 /



Polymorphisms in the Methionine Cycle Pathway

Transcobalamin IT (TCII 776 66C—6)

[+ TCIT 776 GG "G 2
e O
Autistic Children (360)i 25.8% 1.8 0.05**
1+ TCII 776 CC+CG
17 EE:OD
Autistic Children (360): 74.2% 0.55 0.01NN

NN /

TCII G allele is significantly more frequent in autistic children

Theoretically, this could reduce B12 transport inside the cell
and could decrease methionine synthase activity



Polymorphisms in the Methionine Cycle Pathway

Reduced Folate Carrier RFC1 80A—6G

RFC1 80 GG "G 2 D") ++¢
ACGE >0
Autistic Children (360)f 39% 2.0 1.15,3.33*

A decrease in the transport of folate into the cells would produce
a functional folate deficiency



Polymorphisms Glutathione-S-Transferase (6ST)
Affecting Antioxidant Capacity

6ST M1 and 6ST T1

7+ 6ST M1 Null "G 2
1 A
Autistic Children (360): 49 2% 1.4 0.07, NS
1+ 6ST T1 Null
(@>% 17+@)

Autistic Children (233): 22.7% (+QF 4



Polymorphisms Affecting Methylation and
Increased Oxidative Stress

Catechol-O-Methyltransferase (COMT 1947A—G)

COMT 47266
, [/ : G 2 D") ++¢

A, TF>)
Autistic Children (360): 26% 2.34 1.06,2.85*



Gene-Gene Interactions
Affecting Methylation and Increased Oxidative Stress

‘Combined TCII GG plus COMT GG in the same individual ‘

TCII 66/COMT 66 "G 2 D*) ++
1GE 1Y)
Autistic Children (360)4 9.7% 7.0 2.32,21.2*

The TCII and COMT gene polymorphisms may interact
to synergistically increase the risk of autism



Gene-Gene Interactions
Affecting Methylation and Increased Oxidative Stress

‘Combined TCII GG plus GSTMI1 null in the same individual ‘

TCITI 66/6STMI1 null "G 2 D") +4
1CGh AF)
Autistic Children (360) 13.4% 2.2 1.05,4.4*

The TC IT and 6STMI1 null gene polymorphisms interact to
increase the risk of autism



Gene-Gene Interactions
Affecting Methylation and Increased Oxidative Stress

‘Combined RFC1 66 plus COMT AG in same individual ‘

RFC1 66/COMT GG "G 2 D") +¢
1CGh FA)
Autistic Children (360)\ 13.8% 2.5 1.05,5.75*

Polymorphisms in the RFC1 and COMT genes interact to
increase risk of autism



Important Caveat

No single polymorphism alone can predict increased risk

of autism because, by definition, polymorphisms are highly
prevalent in normal people as well. It is possible, however,
that specific combinations of these polymorphisms interact
to shift specific metabolic pathways that are important in
the pathogenesis of autism.

To determine if a relationship exists between metabolic
profile and genetic profile will require statistical analysis
of ~1500 cases and ~1500 control children.



PUTTING IT-A" - TOGETHER.....
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Metabolic Indicators

Reduced Methionine
20 3

Reduced SAM
$ .

Reduced Cysteine
$ |

Reduced Glutathione
$

Reduced Cellular Antioxidant Capacity in Autism
and Increased Vulnerability to Oxidative Stress




Putting it all into Perspective.....we see what we know
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OVERALL CONCLUSION
MAY 2006

The abnormal metabolic profile in children with autism
strengthens the hypothesis that a genetic inability to
control oxidative stress may be central to the
development of neurologic, immunologic, and
gastrointestinal dysfunction that occurs with autism.






Factors Contributing to Oxidative Stress
in Autistic Children

Gut Inflammation

Brain Inflammation

Immune dysfunction



